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IN THE UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF NEW YORK

éj\._ﬁag@% Of

R

JUDGE JONES

RECKITT BENCKISER INC.

Plaintiff, Case No.:

V.
HON.
WATSON LABORATORIES, INC.
- FLORIDA, and WATSON
PHARMACEUTICALS, INC.

Defendants.

Plaintiff Reckitt Benckiser Inc. (*“Reckitt”) brings this complaint against Defendants
Watson Laboratories, Inc. — Florida and Watson Pharmaceuticals, Inc. (* collectively Watson™)
and hereby alleges as follows:

THE PARTIES

1. ?laintiff Reckitt Benckiser Inc. is a corporation incorporated and existing under
the laws of the State of Delaware, having its principal place of business at 399 Interpace
Parkway, Parsippany, New Jersey 07054.
| 2, Upon information and belief, Defendant Watson Laboratories, Inc. — Florida is a
corporation incorporated under the laws of the State of Florida and having its principal place of
business at 4955 Orange Drive, Davie, Florida 333 14.

3. Upon information and belief, Defendant Watson Pharméceuticais, Inc.isa
corporation incorporated under the laws of the State of Nevada and having its principal place of

business at 311 Bonnie Circle, Corona, California, 92880. Defendant Watson Pharmaceuticals,
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Inc. develops, manufactures and fnarkets generic pharmaceutical products through its operating
subsidiax_"y Defendant Watson Laboratories; Inc. — Florida.

4, Upon information and belief, Defendant Watson Laboratories, Inc. -- Florida is é
wholly-owned subsidiary of Defendant Watson Pharmaceuticals, Inc., and the two have common
officers and directors..

5. Upon information énd belief, Defendant Watson Laboratories, Inc. — Florida was
former_ly known as Andrx Pharmaceuticals, Inc. and does business in the State of New York.

6. Upon information and belief, Defendant Watson Pharmaceuticals, Inc. directed,
authorized, participated in, assisted and cooperated with Defendant Watson Laboratories, Inc. —
Florida in all of the-acté complained of herein. Hereinafter Defendants Watson Pharmaceuticals,
Inc. and Watson Laboratories, Inc. — Florida are collectively referred to as “Watson.”

7. Upon .information and belief, the acts complained of herein were done by, at the
direction of, with the authorization, cooperation, participation or assistance of, or least in part for
the benefit of Watson.

JURISDICTION AND VENUE

8. This is an action for patent infringement arising under the patent laws of the
United States, Title 35, United States Code. Jurnisdiction is based on 28 U.S.C. §§ 1331 and
1338(a). |

9. This Court has personal jurisdiction over Watson at least by virtue of the fact that
it conducts business in the State of New York, has availed itself of the rights and benefits of New
York law, and has engaged in substantial and continuing contacts with the State.

10.  Venue is proper in this Court under 28 U.S.C. §§ 1391 (b) and (c) and 28 U.S.C.

1400(b).
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FIRST COUNT

I1. Reckitt is the holder of New Drug Application ("NDA”) No. 21-282 by which the
United States Food and Drug Administration (“FDA”) granted approval for 600 mg and 1200 mg
extended release tablets includi_ng the active ingredient guaifenesin. These tablets are marketed
in the United States under the tradename Mucinex®, and are indicated to help loosen phlegtﬁ
(mucus) and thin bronchial secretions to rid the bronchial passageways of bothersome mucus and
make coughs more productive.

12.  Reckitt is also the holder of New Drug Application (“NDA”) No. 21-620 by
ﬁhich the United States Food and Drug Administration (“FDA”} granted approval for 30mg/600
mg and 60mg/1200 mg dextromethorphan HBr/guaifenesin extended release tablets. These
tablets are marketed in the United States under the tradename Mucinex® DM, and are indicated
to help loosen phlegm (mucus). and thin bronchial secretions to rid the bronchial passageways of
bothersome mucus and make coughs more productive.

13.  On April 16, 2002, U.S. Patent No. 6,372,252 (“the ‘252 patent’) issued.

14, On October 18, 2005, U.S. Patent No. 6,955,821 (“the ‘821 patent™) issued.

15.  Reckitt is the owner of the 252 Patent. A copy of the "252 Patent is attached as
Exhibit A.

| 16. Reckitt is the owner of the 821 Patent. A copy of the "821 Patent is attached as
Exhibit B.

17.  The ‘252 Patent and the ‘821 Patent cover Mucinex® and Mucinex® DM and

have been listed in the FDA Approved Drug Products with Therapeutic Equivalence Evaluations

(“the Orange Book”) for those products.
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18.  Upon information and belief, Watson submitted to the FDA an Abbréviated New
Drug Application (“ANDA™), filed under 21 U.S.C. § 355(j), in order to obtain approval to

‘engage in the commercial manufacture, use or sale of guaifenesin extended release tablets, -
600mg and 1200mg, prior to the expiration of the ‘252 Patent and the ‘821 Patent. Watson’s
ANDA for Mucinex® has been assigned ANDA No. 91-009.

19.  Upon information and belief, Watson submitted to the FDA an ANDA, filed
under 21 U.S.C. § 355(j), in order to obtain approval to engage in the commercial manufacture,
use or sale of dextromethorphan HBr/guaifenesin extended release tablets., 30mg/600mg and
60mg/1200mg, prior to the expiration of the ‘252 Pateﬁt and the ‘821 Patent. Watson’s ANDA
for Mucinex® DM has been assigned ANDA No. 91-070,

20.  Upon information and belief, Watson’s ANDA No. 91-009 includes a certification
with respect to the ‘252 Patent and ‘821 Patent under 21 U.S.C. § 355G)2HAXvii)(IV) of fhe
Federal Fodd, Drug and Cosmetic Act that the ‘252 Patent and ‘821 Patent are invalid,
unenforceable and/or will not be infringed by the commercial manufacture, use or sale of
Watson’s guaifenesin extended release tablets, ﬁbOmg and 1200mg.

21, Upon information and belief, Watson’s ANDA No. 91-070 includes a certification
with respect to the ‘252 Patent and ‘821 Patent under 21 U.S.C. § 355G 2)(A)(viD)(IV) of the
Federal Food, Drug and.Cosmetic Act that the ‘252 Patent and ‘821 Patent are invalid,
unenforceable and/or will not be infringed by.the commercial manufacture, use or sale of
Watson’s dextromethorphan HBr/guaifenesin extended release tablets, 30mg/600mg and

60mg/1200mg.
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22. Upon information and belief, Watson sent notice of those certifications to Reckitt
bn or about March 11, 2009. Reckitt received a copy of Watson’s notice letter on or about
March 12, 2009.

23. Upon information and belief, the Watson products that are the subject of ANDA
No. 91-009 will infringe at least one of the 252 Patent claims and at least one of the ‘821 Patent
claims.

24.  Upon information and belief, the Watson products that are the subject of ANDA
No. 91-070 will infringe at least one of the ‘252 Patent claims and at least one of the 8§21 Patent

“claims. | |

25. Because Watson has submitted its ANDAs under 21 U.S.C. § 355(), in order to
obtain approval from the FDA to engage in the commercial manufacture, use or sale of a drug
product claimed ip the ‘252 Patent before its expiration, Watson has committed acts of
infringement pursuant to 35 U.S.C. § 271(e}(2)}(A).

26. Because Watson has submitted its ANDAs under 21 U.S.C. § 355()), in order to
obtain approval from the FDA to engage in the commercial manufacture, use or sale of a drug
product claimed in the ‘821 Patent before its expiration, Watson has committed acts of
infringement pursuant to 35 U.S.C. § 271(6)(2)(A)._

27. Reckitt is entitled to relief provided by 35 U.S.C. § 271 (¢)(4), including an order
from this Court that the effective date of the approval of Watson’s ANDAs be a date that is not
earlier than the expiration date of the ‘252 Patent or the ‘821 Patent, or any later expiration of
exclusivity for the <252 Patent or the ‘821 Patent to which Reckitt is or becomes entitled.

28. Watson’s certification to the FDA that the ‘252 Patent was not infringed, invalid

and/or unenforceable was baseless, and therefore this case is exceptional under 35 U.S.C. § 285.
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29.  Watson’s certification to the FDA that the ‘821 Patent was not infringed, invalid
and/or unenforceable was bascless, and therefore this case is exceptional under 35 U.S.C. § 285.

PRAYER FOR RELIEF

WHEREFORE, Plaintiffs respectfully request that the Court enter a Judgment that:

(a) Watson infringed one or more claims of the ‘252 Patent by submitting the aforesaid
ANDAs;

{b) Watson infringed one or more claims of the ‘821 Patent by submitting the aforesaid
ANDAs;

(c) A permanent injunction be issued, pursuant to 35 U.S.C. § 271 (e)(4)(B), restraiming
and enjoining Defendant Watson, their officers, agents, attorneys, and employees, and those
acting in privity or concert with them, and their successors and assigns, from engaging in the

~ commercial manufacture, use, offer to sell, or sale within the United States, or importation into
the United States, of compositions as claimed in the ‘252 Patent;

(d)} A permanent injunction be issued, pursuant to 35 U.S.C. § 271 (e)(4)(B), restraining
and enjoining Defendant Wétson, their officers, égents, attorneys, and employees, and those
acting in privity or concert with them, and their successors and assigns, from engaging in the
commercial manufacture, use, offer to sell, or sale Mthin the United States, or importation into
the United States, of compositions as claimed in the ‘821 Patent;

(€) An order be issued pursuant to 35 U.S.C. § 271 (e)(4)(A) that the effective date of any
approval of Watson’s ANDA No. 91-009 be a date that is not earlier than the expiration of the
‘252 Patent or the ‘821 Patent, or any later expiration of exclusivity for the ‘252 Patent or the

‘821 Patent to which Plaintiff is or becomes entitled;
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(f) An order be issued pursuant to 35 U.S.C. § 271 (e)}(4XA) tl.lat the effective date of
any approval of Watson’s ANDA No. 91-070 be a date that is not earlier than the expiration of
the *252 Patent or the 821 Patent, or any later expiration of exclusivity for the 252 Patent or the
‘821 Patent to which Plaintiff is or becomes entitled; and

(h) Watson made a baseless certification to the FDA, which makes this case exceptional
under 35 U.S.C. § 285, and Reckitt therefore is entitled to reasonable attorneys fees; and for such

other and further relief as the Court may deem just'and proper under the circumstances.

Dated: April 20,2009 By & .

Domrinick A. Conde
J D. Carlin
itzpatrick, Cella, Harper & Scinto

30 Rockefeller Plaza
New York, NY 10112
(212) 218-2100

Attorneys for Reckitt Benckiser Inc.
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EXHIBIT A
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US006372252B1

-
az United States Patent (10) Patent No.: ~ US 6,372,252 B1
Blume ¢t al. (45) Date of Patent: Apr. 16, 2002
(54) GUAIFENESIN SUSTAINED RELEASE 4,695,464 A  9/1987 Alderman
- FORMULATION AND TABIETS - 4,699,779 A 10/1987 Palinczar
] 4,704,285 A 11/1987 Alderman
(75) Inventors: Ralph W. Blume, Fort Worth; Robert 4756911 A * /1988 Dirost el al. .ooovvvenrnnnnen. 42{3/468
D, Davis, Arlington; Donald Jeffrey :’;gg’?;;g i iﬁgg 183::21
Keyser, Southlake, all of TX (US) 4,851,302 A 7/1089 Shaw et al.
; ] 4,871,548 A 101989 Edgren et al.
(73) Assignee: ?;a(:;}ss)l,aboramﬁes, Ipc,, Ft. Worth, 4968508 A 11/1990 Oren ¢t al.
Fist tinued t .
(*) Notce: Subject 10 any disclaimer, the term of this (hist continued on next page.)
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by 0 days. :
EP 0409781 6/1994
. GhH 2255344 11/1992
(21) Appl. No.: 09/559,542 WO WOB7/00044 11987
(22) Filed: Apr. 28, 2000
Primary Examiner—Thurman K. Page
(51) Int, CL7 . AGIK 0/20; AGIK 9/00;  Assisiant Examiner—Charcese L. Evans
' AG1K 9/22: AGIK 9/24,_ A61K gfzé (74) Awrtorney, Agent, or Firm—Brobeck, Phileger &
’ ’ Harrison, LLP
(532) US.Cl ....cooviveee 424/464; 424/400; 424/468; 3N ABSTRACT
424472, 424/474; 424/475
(58) Field of Search ..oooooveoeereeciione, 4244400, 464, The invention relates 1o a novel pharmaceutical sustained

424/468, 472, 474, 480, 490, 497, 501 release formulation of gnaifenesin, The formmulation may
‘ comprisc a hydrophilic polymer, preferably a hydroxypropyl

(56) References Cited meihylcellulose, and a water-insoluble polymer, preferably
U.S. PATENT DOCUMENTS an acryllic resin, in a ratio range of aboul one-to-one (1:1) to
about six-lo-one (6:1), more preferably a range of about
3,065,143 A 11/1962 Christensen et al. three-to-two (3:2) to about four-to-one (4:1), and most
3,362,880 A 1/1968 Jeffries preferably about two-io-one (2:1), by weight. This formu-
3,362,881 A 1/1968 Eberhardt et al. lation capable of providing therapeutically effective bio-
3,555,151 A 171971 Kaplan et al. availability of guaifenesin for at least twelve hours after
3870,790 A 3/1975 Lowey et al. dosing in a human subject. The invention also relates to a
3,981,984 A 9/1976 ' Signorino . . . " :
122157 A 10/1978 Huber modified rellcase gualf.cnesm _r.ablel \‘vhlch has two portion:
4,140.755 A 2/1979 Sheth et al. the first portion comprises an immediate release formulation
4,167,558 A 9/1979 Sheth et al. of guaifenesin and the second portion comprises a sustained
4226840 A 10/1980 Schor release formulation of guaifenesin as described above. This
47259314 A 3/1981 Lowey two portion, or bi-layer, tablet has a maximum serum
4.35746% A 11/1982 Schor conceniration ¢quivalent 1o that of an immediate release
4,369,172 A 1/1983 Schor el al. guaifenesin tablet, and is capable of providing therapeuti-
:ﬁggggg : ?ﬁggz g;hc;‘r et a:‘ cally effective bioavailability of guaifenesin for at least
4,540:566 A 91085 D:L. cllal' twelve hours after dosing in a human subject.
> Vis €l al.
4,543,370 A 9/1985 Porter el al.
4,680,323 A 771987 Lowey : 56 Claims, 11 Drawing Sheets
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US 6,372,252 B1
Page 2

5,445,829

U.5. PATENT DOCUMENTS A 81995 TParadissis et al.
. 5,451,409 A 9/1995 Rencher el al, -

4,983,308 A 1/1991 Gaylord et al.. 5,472,704 A 12/1995 Santus et al.
4,994,276 A 2/1991 Baichwal el al.- 5494681 A * 2/1996 Cucaetal. ...o........... 424/484
5,032,406 A 7/1991° Dansereau et al. 5,650,169 A 7/1997 Conte ct al.
5,047.248 A 9/1991 Calanchi et al. 5,656,296 A * B/1997 Khan et al. cevoeeveeeen.. 424473,
5,068,715 A 3/1992 McCabe el al. 5,662,033 A 2/1997 Baichwal e al. -
5,133,974 A 7/1992 Paradissis et al. 5,780,057 A 7/1998 Conte et al.
5,164,398 A 11/1992 Sims et al. 5807580 A /1998 Y.uber
5,200,193 A 4/1993 Radebaugh et al. 5,840,320 A 11/1998 Bai
5,292,534 A 3/1994 Valentine et al. 5,968,554 A 10/1999 Beiman et al.
5,326,571 A 7/1994 “Wright et al. 6,210,710 B1  4/2001 Skinner
5,395,626 A 3/1995 Kotwal ef al. 6,217,903 Bl 4/2001 Skinner
5403593 A 4/1995 Royce
5,427,799 A 6/1995 Valentine et al.

* cited by examincr
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U.S. Patent Apr.16,2002  Sheet 1 of 11 US 6,372,252 Bl

TABLETTING

COMPRESS THE RESULTING
GRANULATION INTO TABLETS.

A

BLENDING

BLEND THE SCREENED GRANULATION
WITH ADDITIONAL METHOCEL E10M,
CARBOPOL 974P, MAGNESIUM
STEARATE, AND A COLORANT.

3

MILLING AND SCREENING

MILL THE DRIED GRANULATION
THROUGH AMESHED SCREEN.

A

FLUID BED DRYING
DRY THE WET GRANULATION.

A

GRANULATION

- MIX GUAIFENESIN WITH
METHOCEL E10M AND WATER.

FIG. 1
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'U.S. Patent Apr. 16, 2002 Sheet 2 of 11 US 6,372,252 B1

COATING

FILM COAT THE TABLETS WITHA
RAPIDLY DISSOLVING COATING.

TABLETTING

COMPRESS THE RESULTING
GRANULATION INTO TABLETS.

|

 GRANULATING/BLENDING

BLEND TOGETHER GUAIFENESIN DC,
METHOCEL E10M, CARBOPOL 974P, |
MAGNESIUM STEARATE, AND

A COLORANT.

FIG. 2
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U.S. Patent Apr. 16, 2002 Sheet 3 of 11 US 6,372,252 Bl

TABLETTING

COMPRESS A PORTION OF THE
IMMEDIATE RELEASE BLEND AND A
SUSTAINED RELEASE BLEND IN

| ATABLET PRESS.

|

IMMEDIATE RELEASE PREPARATION

BLEND TOGETHER GUAIFENESIN DC,
SODIUM STARCH GLYCOLATE,
MICROCRYSTALLINE CELLULOSE
AND MAGNESIUM STEARATE.

|

SUSTAINED RELEASE PREPARATION

PREPARE A SUSTAINED RELEASE
FORMULATION USING EITHER STEPS 4
THROUGH 4 OF FIGURE 1 OR STEP 1
OF FIGURE 2.

FIG. 3
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U.S. Patent Apr. 16, 2002 Sheet 4 of 11 US 6,372,252 B1
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U.S. Patent Apr. 16, 2002 Sheet 5 of 11 US 6,372,252 Bl
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- U.S. Patent Apr. 16,2002 Sheet 6 of 11 US 6,372,252 Bl
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U.S. Patent Apr. 16, 2002 Sheet 8 of 11 US 6,372,252 Bl
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U.S. Patent Apr. 16, 2002 Sheet 9 of 11 US 6,372,252 Bl
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U.S. Patent Apr. 16, 2002 Sheet 10 of 11 US 6,372,252 Bl
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U.S. Patent Apr. 16, 2002 Sheet 11 of 11 US 6,372,252 B1
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US 6,372,252 Bl

i

GUAIFENESIN SUSTAINED RELEASE
) FORMULATION AND TABLETS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sustained release
gnaifenesin formulation for oral administration and methods
of its manufacture. In particular, it relatcs to a sustained
release guaifenesin formulation which maintains a therapeu-
‘tically effective blood concentration of guaifenesin for a
duration of at least twelve hours without an increase in
dosage strength. The present invention further relates to a
modified release bi-layer gnaifenesin tablet which demon-
strales a maximum Serum concedlration equivalent o an
immediate release tablet yet maintains a therapeutically
effective blood concentration of guaifenesin for a duration of
at lcast twelve hours. ‘

2. Description of Related Art

Sustained release pharmaceutical formulations provide a
significant advantage over immediate release formulations
to both clinicians and their patients. Sustained release dos-
age forms are administered 1o patients in much fewer daily
doses than their immediate release counterparts and gener-
ally achieve improved therapeutic effect and efficiency in the
fewer daily doses.

For example, 2 400 mg immediate release dosage form of
an active ingredient (hereinafter “drug” or “medicament™)
with a short half-life, such as guaifenesin, may have to be
administered o a patient ‘three times within 12 hours to
maintain adequate bioavailability of the drug to achieve
therapeutic effect. This results in a series of three serum
concentration profiles in the patient in which there is a rapid
increase of drug followed by a similar rapid decrease. Such
rapid increases and decreases provide a patient with a short
window of appropriale blood conceniration of the medica-
ment for optimum therapy. A 1200 mg sustained release
dosage form, on the other hand, may only have to be
administered 1o a palient once every 12 hours 1o achieve
therapeutic effect. Sustained release dosage forms generally
control the rate of active drug absorption, so as to avoid
excessive drug absorption while maintaining effective blood
concentration of the drug 1o provide a patient with a con-
sistent therapeutic effect over an extended duration of time.

Besides reducing the frequency of dosing and providing a
more consistent therapeutic effect, sustained release dosage
forms gencrally help reduce side effects caused by a drug.
Because sustained release dosage fonms deliver the drug in
slow, incremental amounts versus the cyclic high and low
concentrations of immediate release formulations, it is easier
for a patient’s body to digest the drug, thereby avoiding
undesirable side-effects. For patients who self-administer
therapies, sustained release dosage forms generally result in
greater compliance due 10 the lower frequency of dosing,
lower quantity of dosage units to be consumed, and reduced
undesired side-cffects.

Susiained release formulations for the sequential or timed
release of medicaments are well known in the art. Generally,
such formulations contain drug particles mixed with or
covered by a polymer material, or blend of materials, which
1s resistant 10 degradation or disintegration in the stomach
and/or in the iniestine for a selected period of time. Release

of the driug may occur by leeching, erosion, rupture, diffu--

sion or similar zctions depending upon the nature of the
polymer material or polymer blend used. )

. Conventionally, pharmaceutical manufacturers have used
hydrophilic hydrocolloid gelling polymers such as hydrox-
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ypropyl methylcellulose, hydroxypropyl cellulose, or Pul-
lulan to formulate sustained release tablets or capsules.
These polymers first form a gel when exposed 10 an aqueous
cnvironment of low pH thereby slowly diffusing the active
medicament which is contained within the polymer matrix.
‘When the gel enters a higher pH environment such as that
found ip the intestines, however, it dissolves resulting in a
less controlled drug release. To provide better sustained
release properties in higher pH environments, some phar-
maceutical manufacturers use polymers which dissolve only
at higher pHs, such as acrylic resins, acrylic latex
dispersions, cellulose acetate phthalate, and hydroxypropyl
methylcellulose phthalate, either alone or in combination
with hydrophilic polymers,

Generally, these formulations are prepared by combining
the medicament with a finely divided powder of the hydro-
philic polymer, or the hydrophilic and water-insoluble poly-
mers. These Ingredicnis are mixed and granulated with water
or an organic solvent and the granulation is dried. The dry
granulation is then usually further blended with various ~
pharmaceutical additives and compressed into tablets.

Although these types of formulations have been success-
fully used to manufacture dosage forms which demonstrate
suslained release properties, these formulations generally do
not have the desired release profile or serum concentration
of medicament over an extended period of time. These
sustained release formulations generally result in a delay in
the appearance of drug in the blood stream, thereby delaying
therapeutic effect. Additionally, when the drug does appear,
its maximum serum concentration (Cmax) is lower than the
maximum concentration required for the most effective
therapeutic resull. Furthermore, mosi formulations which
claim twelve hour potency release almost all of their drug
within siX to eight houwrs, making the formulation less
therapeutically effective towards the end of the twelve hour
period. To prevent blood serum concentrations of active
drug from falling below a.therapeutically effective level at
extended time periods, many manufacturers increase the
drug sfrength of the dosage form. The increase in drug
strength, however, results in a concomitant increasc in
side-cfects.

To improve the release profile of certain sustained release
dosage forms, some pharmaceutical manufaciurers have
made tablets and capsules which comprise a combination of
an immediate release formulation and a sustained release
formulation. Although this solution improves the Cmax and
length of time before the drug appears in the blood stream
in some formulations, the extended therapeutic effect is not
improved.

Furthermore, every medicament has different solubility
properties and pH dependencies which affect its dissolution
rale, and hence its bicavailability. Bioavailability can also be
affected by a number of factors such as the amounts and
types of adjuvants used, the granulation process, compres-
sion forces (in tablet manufacturing), surface arca available
for dissolution and environmental factors such as agitation
in the stomach and the presence of food. Due to these
mumerous factors, specific formulations play an important
role in the preparation of prolonged action solid dosage
forms, particularly in the preparation of solid dosage forms
which achieve appropriate bioavailability for optimum
therapeutic cffect. .

Guaifenesin is known chemically as 3-(2-
methoxyphenoxy)-1,2-propanediol. it is an expectorant, a
drug which increases respiratory tract fluid secretions and
helps 10 loosen phiegm and bronchial secretions. By reduc-
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ing the viscosily of secretions, guaifenesin increases the
efficiency of a cough reflex and of ciliary action in removing

accumulaled secretions from trachea and bronchi. Guaifen-

esin is readily absorbed from the intcstinal tract and is
rapidly metabolized and excreted in urine. Guaifencsin has
a typical plasma half-life of approximately one hour.
Because of the rapid metabolization and excretion of
guaifenesin, typical immediate release dosage tablets of
guaifenesin provide only a short window of therapeulic
cifectiveness for patients resulting in the various recognized
problems described above.

None of the prior art has described a sustained release
dosage form of guaifenesin which is capable of sustaining
therapeutic effective for at least twelve hours. Likewise,
none of the prior art has described a sustained release dosage
form of guaifenesin which has a Cmax equivalent to that of
an immediate release formulation, appears in the blood
stream as quickly as an immediate release formulation, yet
suslains therapeutic effect for at least twelve hours.

SUMMARY OF THE INVENTION

The present invention overcomes the problems and dis-
advanlage associated with current strategics and designs in
formulation of modified releasc guaifenesin dosage forms.

This invention relates to a novel sustained release phar-
- maceutical formulation comprising guaifenesin. The sus-
tained release formulation may comprise a combination of at
least one hydrophilic polymer and at least one water-
inscluble polymer. The total weight ratio of hydrophilic
polymer 1o waler-insoluble polymer may be in a range of
about one-to-one {1:1) 1o about six-to-one (6:1), more pref-
erably a range of about three-1o-two (3:2) to about four-to-
onc (4:1), and most prefcrably about two-to-one (2:1). When
a tablet comprising the sustained release formulation is
exposed 10 an aqueous mediumm of low pH, such as that
found in the stomach, the polymer combination gels causing
guaifenesin to diffuse from the gel. When the tablet passes
to the intestines where an aqueous medium of higher pH is
present, the gel begins to dissolve, thereby releasing
guaifenesin in controlled amounts. The tablet is capable of
relcasing therapeutically offective amounts of guaifenecsin
over an extended period, i.e. twelve or more hours.

This invention also relales to a modified release guaifen-
¢sin tablet which comprises two discrete portions (a bi-layer
tablet), a rapid release portion and a sustained release
portion, each portion comprising a specific guantity of
guaifenesin. The rapid release portion is formulated 10
dissclve in aqueous acidic medium, such as that found in the
stomach, to quickly release guaifenesin contained within the
portion. The sustained release portion may corprise a
combination of hydrophilic polymer in a ratio range of about
one-to-one (1:1) to about six-to-one (6:1), more preferably
a raoge of about three-to-two (3:2) 10 about four-to-one
(4:1), and most preferably about two-to-one (2:1, with a
waler-insoluble polymers as described above.

The present ipvention. also reldtes to modified release
guaifenesin preparations of the type described above in the
form of capsules having beads of both rapid release formu-
lation and beads of sustained releasc forrmulation.

The bi-layer 1ablet of the present invention demonstrates
a maximum serum concentration (Cmax) and time of avail -
ability in the blood stream that arc eguivalent 1o an imme-
dizte relcase tablet. The bi-layer tablet also provides sus-
tained release of guaifenesin over at least a twelve hour
period from one dose. The bi-layer tablet of the present
invention further maintains serum concentration levels of
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guaifencsin at a therapetitically effective level for at least a
twelve hour period without an increase in the drug strength
of the dosage form.

The present invention also relales 1o methods of mamu-
facturing sustained release formulations and bi-layer
guaifenesin tablets of the present invention, An example of
a manufacturing method for a sustained release formulation
comprises mixing a hydrophilic polymer and active ingre-
dicnts in a mixer, adding water (o the mixture and continuing
to mix and chop, drying the mixture to obtain hydrophitic
polymer encapsulated granmules, milling and serecning the
resulting granulation, and blending it with various pharma-
ceutical additives, additional hydrophilic polymer, and water
insoluble polymer. The formulation may then be tableted
and may further be film coated wilh a protective coaling
which rapidly dissolves or disperses in gastric juices,

An example of a bi-layer tablet manufaciuring method
comprises blending a quantity of guaifenesin wilth various
excipients, colorants, and/or other pharmaceutical additives
to form a rapid release formulation, blending another quan-
tity of guaifenesin with a hydrophilic polymer, a water-
insoluble polymer, and various excipients, colorants, and/or
other pharmaceutical additives to form a sustained release
formulation, and compressing a quaatity of the rapid release
formulation with a quantity of the sustained release formu-
lation 1o form a bi-layer tablet. The wblet may then be
optionally coated with a protective coating which rapidly
dissolves or disperses in gastric juices.

Other objects, advanilages and embodiments of the inven-
tion are set forth in part in the description which follows, and
in part, will be obvious from this description, or may be
learned from the practice of the invention.

BRIEF DESCRIFTION OF THE DRAWINGS

F1G. 1 is a flow diagram depicling steps in a wel granu-
lation method for manufacturing the sustained release for-
mulation of the present invention.

FIG. 2 is a flow diagram depicting sleps in a dry graonu-
lation method for manufacturing the sustained release for-
mulation of the present invention. ’

FIG. 3 is a flow diagram depicting steps in a method for
manufacturing the bi-layer tablet of the present invention.

FIG. 4 is a graph demonstrating the dissolution profiles of
lablets comprising two different sustained release formula-
tions of the present invention. :

F1G. 5is a graph demonstrating the dissolution profiles of
an immediate release dosage form and two sustained release
dosage forms of guaifenesin, all of which are known in the
art.

FIG. 6 is a graph demonstrating the plasma concentration
of guaifenesin over time in healthy human volunteers who
were dosed three different guaifenesin formulations; an
immediate release formulation known in the art, and two
different sustained rele ase formmlations of the present inven-
tion,

FI1G. 7 is a graph demonstrating the plasma concentration
of guaifenesin over time in healthy human volunteers from
an immediate release tablet lot which is known in the art, a
non-layered modified release tablet lot of the present
invention, and two bi-layered modified release tablet lots of
the present invention (on¢ comprising 600 mg of immediate
release formulation and 600 mg of sustained release formu-
lation and the other one comprising 400 mg of immediate
rclease formulation and 800 mg of sustained release

. formulation).
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FIG. 8 is a graph demonstrating the dissolution profiles of
four sustained release tablets of the present invention: one
tablet is non-layered, comprising 1200 mg of sustained
release formulation; another tablet is bi-layered, comprising
600 mg of sustained release formulation and 600 mg of
immediaie release formulation; another tablet is bi-layered,
comprising 800 mg of sustained release formulation and 400
mg of immediate release formulation; and yet another tablet
1s brlayered comprising 1000 mg of sustained release
formulation and 200 mg of immediate release formulation.

FIG. 9 is a graph demonstrating the plasma concentration
of guaifenesin over an averaged 12 hour interval (taken from
11 twelve hour intervals over 5.5 days) in hcalthy human
voluntcers from an immediate release tablet lot known in the
art and a bi-layered modified release tablet lot of the present
imvention.

FIG. 10 is a graph demonstrating the plasma concentra-
tion of guaifenesin over time (the last twelve hour interval
of the 11 twelve hour intervals described above) in healthy
human volunteers from an immediate release tablet lot
known in the art and a bi-layered modified release tablet lot
of the present invention.

F1G. 11 is a graph demonstrating the averaged plasma
concentration of guaifenesin over a 16 hour period in 27
healthy human volunteers from 600 mg bi-layered modified
release tablets of the present invention administered to
fasting volunteers, 1200" mg bi-layered modified release
tablets of the present invention administered to fasting
volunteers, and 1200 mg bi-layered modified release tablets
of the present invention administered 10 volunteers who bad
been fed a high fat meal,

DETAILED DESCRIPTICN OF THE
INVENTION

The present invention relates 10 a novel modified release
formulation comprising guaifenesin. In a preferred
embadiment, a modified release formulation comprises a
combination of a hydrophilic polymer in a ratio range of
about one-to-one (1:1) to about six-to-one (6:1), more pref-
erably a range of about three-to-two (3:2) o about four:to-
one (4:1), and most preferably about two-to-one (2:1), with
a waler-insoluble polymer. The sustained rclease formula-
tion may be compressed into a tablet. The present invention
also relates 10 a novel compressed tablet which is made of
two portions (a bi-layer tablet): a portion which comprises a
modified release formulation of the present invention and a
portion which is an immediate relcase formulation.

a) Sustained Release Formulation

In one embodiment of the present invention, a sustained
release formulation comprises guaifenesin mixed with a
polymer blend which consists of at least one hydrophilic
polymer and at least onc water-insoluble polymer. In a
further embodiment, the sustained release formulation may
comprise a combination of guaifenesin and at least one other

~drag including, but not limited 10, an antitussive such as
dextromethorphan hydrobromide, a decongestant such as
phenyleplirine hydrochloride, phenylpropanolamine
hydrochloride, pseudoephedrine hydrochlaride or
¢phedrioe, an antihistamine swch as chlorpheniramine
maleate, brompheniramine maleatc, phenindamine tartrate,
pyrilamine maleate, doxylamine succinate, phenyltoloxam-
ine citrate, diphenhydramine hydrochloride, promethazine,
and clemastine fumerate, or a combination thereof.

Hydrophilic polymers suitable for use in the sustained
release formulation include: one or more natural or partially
or totally synthetic hydrophilic gums such as acacia, gum
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tragacanth, locust bean gum, guar gum, or karaya gum,
modified cellulosic substances such as methylecllulose,
hydroxomethyleellulose, hydroxypropyl methylecllulose,
hydroxypropyl cellulose, hydroxyethylcellulose, carboxyin-
ethylcellulose; proteinaceous substances such as agar,
pectin, cartageen, and alginates; and other hydrophilic poly-
mers such as carboxypolymethylene, gelatin, casein, zein,
bentonite, magnesium aluminum silicate, polysaccharides,
modified starch derivatives, and other hydrophilic polymers
known to those of skill in the art or a combination of such
polymers.

These hydrophilic polymers gel and dissolve slowly in
aqucous acidic media thereby allowing the guaifenesin to
diffuse from the gel in the stomach. When the gel reaches the
intestines, it dissolves in controlled quantities in the higher
pH medium, where the guaifcnesin itself is fairly
absorbable, to allow sustained release of guaifcnesin
throughout the digestive tract. Preferred hydrophilic poly-
mers are the hydroxypropyl methyleelluloses such as those
manufactured by The Dow Chemical Company and known
as METHOCEL. ¢thers, In one preferred embodiment of a
sustained release formulation the hydrophilic polymer is a
METHOGCEL ether known as METHCCEL E10M.

Water-insoluble polymers which arc suitable for use inthe
sustained release formulation are polymers which generally
do nol dissolve in solutions of a pH below 5, and dissolve
more slowly in basic solutions than the hydrophilic polymer.
Because the polymer is insoluble in low pH environments
such as those found in gastric fuid, it aids in retarding drug
release in those regions. Likewise, because the polymer
dissclves more slowly in solutions of higher pH than hydro-
philic polymers, it aids in retarding drug release throughout
the intestines. This overall delayed release results in a more
uniform serum concentration of guaifenesin.

The water-insoluble polymers suitable for use in this
invention include: polyacrylic acids, acrylic resins, acrylic
fatex dispersions, cellulose acetate phtbalate, polyvinyl
acetate phthalate, hydroxypropyl methylcellulpse phthalate
and other polymers common to those of skill in the art. In a
preferred embodiment, a sustained relcase formulation com-
prises the acrylic resin CARBOPOL 974P supplicd by BF
Goodrich,

A sustained release formulation of the present invention
may further comprise pharmaceuticai additives including,
but not limited to: lubricants such as magnesinm stearate,
calcium stearate, zinc stearate, powdered stearic acid, hydro-
genated vepetable oils, tale, polyethylene glycol, and min-
eral oil; colorants such as Emerald Green Lake and various
FD&C colors; binders such as sucrose, lactose, gelatin,
starch paste, acacia, tragacanth, povidone polyethylene
glycol, Pullulan and corn syrup; glidants such as colloidal
silicon dioxide and talc; surface active agenis such as
sodium lauryl sulfate, dioctyl sodium sulfosuccinate,
tricthancolamine, polyoxyetiylene sorbitan, poloxalkol, and
quariernary ammonium salts; preservatives and stabilizers;
excipients such as lactose, mannitol, glucose, fructose,
xylose, galactose, sucrose, maltose, xylitol, sorbitol,
chloride, sulfate and phosphate salts of potassium, sodium,
and magnesium; and/or any other pharmaceutical additives
known to those of skill in the art. In one preferred
embodiment, a sustained release formulation further com-
prises magnesium stearatc and Emerald Green Lake. In
another preferred embodiment, a sustained release formula-
tion further comprises magnesium stearate and FD}&C Bluc
#1 Aluminum Lake Dye.

A sustained release formulation of the present invention
may complise at least one drug ingredient, at least onc
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hydrophilic polymer, at least one water-insoluble polymer,
and at least one pharmacentical additive in any appropriate
percent quantity which permits dissolution of drug ingredi-

onts that resulls in a therapeutically effective serura concen- -

tration profile for a full twelve hours. In a preferred
embodiment, a sustained release formulation Ad COTIPriSes
approximaiely 95.5% guaifencsin, approximately 2.4%
hydroxypropyl methylcellulose, approximately 1.2% acrylic
resin, approximately 0.5% magnesium stearate, and approxi-
mately 0.3% colorant such as Emerald Green Lake or FD&C
Bhue #1.

The present inventive sustained release formulation con-
trols release of guaifencsin into the digestive tract slowly
over time. The drug guaifenesin experiences a shift in water
solubility as the pH of the environment in which it resides
(i-e. stomach versus intestinal tract) changes. In a more
acidic cnvironment, such as that found in the stomach,
guaifenesin is less soluble while in a higher pH environment,
such as that found in the intestines, guaifenesin is readily
soluble. Dissolution rate of guaifenesin shroughout the
digestive tract is thus of primary importance in determining
concentrations of gpaifencsin attained in the blood and
- lissues as a drug formulation is digested.

To maintain a blood concentration of guaifenesin which
provides good therapeutic effect, the release, or dissolution,
of guaifenesin from a f{ormulation matrix is preferably
retarded and/or controlled through the intestines. The com-
bination of hydrophilic and water-insoluble polysners of the
sustained release formulation of the present invention gels
when exposed 1o media of low pH. This creates a smatrix out
of which guaifenesin can diffuse. When the gelled polymer
combination is exposed to media of a higher pH, the gel
begins 1o slowly dissolve thereby rekeasing guaifenesin at a
controlled rate.

In a preferred embodiment of the present invention, a
sustained release formulation comprises a hydrophilic
polymer, preferably hydroxypropyl methylcellulose, in a
ralio range of aboul one-to-one (1:1) 10 about six-to-one
(6:1), more preferably a range of about three-to-two (3:2) to
about four-to-cne (4:1), and most preferably about two-to-
one (2:1), with a water-insoluble polymer, preferably acrylic
resin. Further in a preferred embodiment, a sustained release
formulation comprises not more than 6% hydrophilic poly-
mer. In another preferred embodiment, a sustained release
formulation comprises not more than 2.5% hydrophilic
polymer, The inventors have discovered that this combina-
lion resulls in a serum concentration profile of guaifcnesin
that provides an optimal therapeulic concentration for at
Ieast twelve hours.

A sustained release formulation of the present invention
may be manufactured according to any appropriate methad
known 1o those of skill in the art of pharmaceutical manu-
facture. In one embodiment, guaifencsin and a hydrophilic
polymer may be mixed in a mixer with an aliquot of water
to form a wet granulation. The granulation may be dried to
obtain hydrophilic polymer encapsulated granules of
guaifenesin. The resulting granulation may be milled,
screened, then blended wilh various pharmaceutical
addilives, water insoluble polymer, and additionat hydro-
philic polymer. The formulation may then tablcted and may
further be film coated with a protective coating which
rapidly dissolves gr disperses in gastric juices.

A preferred embodiment of 2 method of preparing.a
sustained r¢lease formulation of the present invention may
comprise loading approximately 126 kg of GUAIFENESIN
and about 2 kg of METHOCEL E10M iato a high shear
mixer. The METHOCEL E10M and GUAIFENESIN may
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be mixed for abput seven minutes at a mixing speed of about
150 RPM and a chopper speed of about 2000 RPM., The
mixing and chopping speeds may then be increased to about
200 RPM and 3000 RPM respectively for about five minutes
while about 49 kg of water are added to the mixer contents.
The mixer may be run for two additional minutes to com-
plete granulation. In a further preferred cmbodiment, the
shut off for the mixer load is set to 21 kilowatlts,

The wet granulation may be emptied into a fluid bed bowl
and placed into a fluid bed dryer set 1o a dryer air flow of 900
CFM and an inlet temperature of about 50 to about 55° C.
until the outlet temperature increases at a rate of 1° per
minute. The air flow may then be decreased to 600 CFM,
and the inlet temperature may be decreased 1o 43° C. until
the granulation is dried 10 a moisture content of no more than
0.5%. In another preferred embodiment, the ountlet tempera-
lure is set 1o a cul-off of 48° C. [n yet another preferred
embodiment, an agitator in the fluid bed bowl may be run
intermittently during drying. The dried granulation may be
passed through a mili fited with a snitable screen size so that
not maore than about 30% of the resulting granulation comes
through a 100 mesh screen and not more than about 10% of
the resulting granulation is retained on a 10 mesh screen. In
one preferred embodiment, the dried granulalion may be
passed through a milt filted with a2 0.109" size screen at a
mill speed of about 500 to about 1500 RPM and a screw feed
rate of about 35 10 about 45 RPM, The resulling screened
granulation is about 95% GUAIFENESIN and is called
GUAIFENESIN DC (Direct Compressed) herein after.
Screened granulation may be transferred 10 a 10 cubic foot
V blender, combined with about another 0.6 kg of METHO-
CEL E10M, about 0.3 kg of a colorant such as EMERALD
GREEN LAKE or ¥FD&C BLUE #1, about 0.7 kg of
fmagnesium stearate, and about 1.3 kg of CARBOPQL 974P.
The combination may be blended for about three minutes.

The resulling formulation may further be compressed on
a tablet compressor machine using tooling 1o form tablets.
The tableis may be any apprapriate weight, size, and shape
depending on the desired dosage strength of tablet. In one
embodiment, these tablets may further be loaded into a
coating pan and film coated with OPADRY Y-5-3-714
(supptied by COLORCON, INC.) and air dried in the pan.

Another embodiment of a method of preparing a sustarned
release formulation of the present invention may comprise
blending the drug ingredients, hydrophilic polymer, water
insoluble polymer, and any pharmaceutical additives. The
resulting blend may then be compressed into tablets and, if
desired, film coated with a prolective coating which rapidly
dissolves or disperses in gastric juices. In a preferred
embodiment of such a method, about 126 kg of GUAIFEN-
ESIN DC (about 95% purity), about 2.6 kg of METHOCEL
E10M, about 1.3 kg of CARBOPGL 974P and about 0.333
kg of a colorant such as EMERAILD GREEN LAKE or
FD&C BLUE #1 may be loaded into a 10 cubic foolt V
BLENDER. The ingredients may be blended for about 20
minutes at which time about 0.6 kg of magnesium stearate
may be added to the blended ingredients. This mixture may
b blended for about another 10 minutes. The resulting
formutation may further be compressed on a lablet com-
pressor machine using tooling 10 form tablets. The tablets
may e any appropriale weight, size, and shape depending
on the desired dosage strength of the tablet. These tablets
may further be loaded into a coating pan and film coated
with OPADRY Y-S-3-714 (supplied by COLORCON, INC.)
and air dried in the pan.

Tablets comprising a sustained release formulation of the
present invention were prepared and tested for both in vitro



Case 0:09-cv-61986-WPD Document 1 Entered on FLSD Docket 04/21/2009 Page 26 of 77

US 6,372,252 B1

9

and in vivo release characteristics as described in Examples
1, 2, and 3 below. In the its ¥itro testing, the dissolution rates
of these tablets were compared against modified release

- tablets formulated withont acrylic resin (EXAMPLE 1), and
three commercially available tablets, one being an immedi-
ate release formulation and the other two being modified
release formulations. Tablets comprising the sustained
release formulation of the present invention demonstrated a
slower, more controlled release of guaifencsin over a twelve
hour pericd than any of the other tablets (see EXAMPLE 1
and 2, and FIGS. 4 and 5).

In the in vivo testing, serum concentrations of subjects
taking tablets comprising the sustained relcase formulation
of the present invention were compared with serum concen-
trations of subjects taking immediate release guaifencsin
tablets and modified release puaifenesin tablets formulated
without acrylic resin (sec¢ EXAMPLE 3 and FIG. 6). Tablets
comprising the sustained release formuiation of the present
invention demonstrated improved sustained release and
therapeutic concentralion at extended lime periods that the
other two formulations. However, in the subjects taking
lablets comprising the sustained release formulation of the
present invention, i1 took longer for guaifenesin to appear in
the blood stream and the maximum serum concentration
(Cmax) of guaifenesin in these subject was less than half of
that of the subjects taking the immediale release tablets.
(b) Bi-layer Tablets

To improve the Cmax and speed of appearance of gnaifen-
esin in patients while maintaining therapentic effect for at
least twelve hours, a portion of a sustained release formu-

* lation of the present invention as described above may be
- combined with a portion of an immediate rclease formula-
tion in a bi-layer tablet. -

The immediate release formulation may comprise
guaifenesin and various pharmaceutical additives such as
lubricanis, colorants, binders, glidants, surface active agents,
prescrvatives, stabilizers, as described above andfor any
other pharmaceutical additives known to those of skill in the
art. In a preferred embodiment, an immediate release for-
mulalion comprises guaifenesin, microerysialline cellulose,
sodium starch glycolate, and magnesium stearate. In a
further preferred embodiment, an immediate release formu-
lation may comprise about 58% guaifenesin, about 33%
microcrysialline cellulose, about 8% sodium starch
glycolate, and about 0.3% magnesium stearate.

The bi-layer tablet may be marnufactared according to any
method knowa to those of skill in the art. The resulting tablet
may comprisc the two porlions compressed against one
another so that the face of each portion is exposed as either
the top or bottom of the tablet, or the resulting tablet may
comprise the sustained release portion in the center coated
by the immediate release portion so that only the immediate
release portion is ¢xposed. In a preferred embodiment, a
hi-layer tablet of the present invéntion comprises the two
portions compressed against one another so that the face of
each portion is exposed,

In a preferred method of manufacturing the bi-fayer
lableis of the present invention a sustained relcase formu-
lation is prepared according o either a wet granulation or
dry granulation method as described above. The immediate
release formulation may be prepared by simply blending the
Buaifencsin with any pharmaceutical additives. In a further
preferred embodiment, appropriate quantities of GUAIFEN-
ESIN DC, microcrystalline cellulose, and sodium starch
glycolate are blended in a 10 cubic foot biender for about
twenty minules. An approprate quantity of magnesium
stearate is then added to the ingredients and hlended for
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about ten more minutes 10 make an immediate release
formulation. Portions of the sustained release formulation
and immediate release formulation are then compressed by
a tablet compressor machine capable of forming bi-layer
lablets. In one cmbodiment, these tablets may further be
coated with a protective film which rapidly disintegrated or
dissolves in gastric juices. .

The tablets may be made with any ratio of sustained
release to modified release formulation which resulis in a
blood profile demonstrating appropriate therapeutic effect
over extended time periods. In one preferred embodiment,
the bi-layer tablets comprise portions of sustained release
formulation and immediate release formulation which result
in about a five-to-one (5:1) ratio of guaifencsin respectively,
For example, in a 1200 mg bi-layer modified release
guaifenesin tablel of the present invention, there may be
about 200 mg of guaifenesin in the immediate release layer
and about 1000 mg of guaifencsin in the sustained release
laver.

Inone¢ preferred embodiment of manufacturing a 1200 mg
bi-layer modified release guaifenesin tablet, abont 105 kg of
GUAIFENESIN DC, about 2.5 kg of METHOCEL E10M,
about 1,25 kg of CARBOPOL 974P, and about 0,333 kg of
EMERALD GREEN LAKE or FD&C BLUE #1 ip a 10
cubic foot PX. blender for about twenty minules.

About 0.6 kg of magnesium sicarate may then be added
and blending confinued for about another ten minutes o
prepare the sustained release formulation. Approximately 21
kg of GUAIFENESIN DC, approximately 11.75 kg of
microcrystalline celiulose, and approximately 3 kg of
sodium starch glycolate may be blended in a 3 cubic foot
P.K. blender for about twenty minutes. Approximately 0.1
kg of magnesium stearate may then be added and biending

. continued for about another ten minutes 1o prepare the

immediate release formulation. The two formulations may
then be compressed 1o make bi-layer tablets wherein aboul
75% of each tablet may he sustained release formulation and
about 25% if ‘cach tablet may he immediate release farmu-
lation. The tablets may be any dosage strength, size, or
shape. In a preferred embodiment, 1200 mg tablets are round
and about 5/8 inch in diameter, about 0.28 inch—0.31 inch in
thickness, weigh about 1.46 grams and have a hardness
range of ahont 15-40 SCU. {n another preferred
¢mbodiment, 600 mg tablets are round and about % inch in
diameter, about 0.218 inch—0.230 inch in thickness, weigh
about 0.729 grams and have a hardness range of about 12-30
SCu.

The immediate release portion of the bi-layer tablet is
formulated to dissoive in aqueous media of low pH, such as
that found in the stomach, 1o quickly release the guaifenesin
contained within the portion. This results in rapid bioavail-
ability of a high concentration of guaifenesin. As demon-
strated in EXAMPLE 6 and FIGS. @ and 10 below, the
immediate release portion of the bi-layer tablet resuits in a
maximum s¢rum concentration {Cmax) and time of maxi-
mum serum concentration (Tmax) egquivalent to that of
immediate release tablets,

The sustained release portion gels when exposed to media
of low pH! allowing the sustained rclease portion of the tablet
10 be passed into the intestinal tract. In the intestines, the
gelled sustained release portion is exposed to media of a
higher pH, causing the gel to slowly dissolve, thereby
allowing guaifenesin o diffuse and dissolve out of the gelled
matrix. This results in controlicd bicavailability over an
extended time period (i.c. twelve or more hours) causing the
tablet to provide extended therapeutic effect. This result is
evidenced in EXAMPLE 6 and FIGS. 9 and 10 below—the
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half-life of the modified release bi-layer tablet is increased
to more than 3 hours and the tablet has an AUCInf (the arca
under a plasma concentration versus {ine curve from time O
to infinity) of greater than 8000 hr*ug/mL. As demonstrated
in EXAMPLE 7 and FIG. 11, the bi-layer tablets of the
present invention had a further surprising result in that a 600
mg tablet had a Tmax equivalent o that of a 1200 mg and
a Cmax and AUCinf approximately half of a 1200 mg tablet,
Thus, without adjusting or changing the composition of the
sustained release formulation or bi-layer tablet, a lower
dosage strength guaifenesin tablet of the present invention
exhibils plasma concentration profile that is approximately
direclly proportional to that of a higher dosage strength
guaifenesin tablet also of the present invention, As further
demonstrated in EXAMPLE 7 and FIG. 11, the bi-layer
tablets of the present invention had another surprising resull
in that the Cmax and AUCInf of a 1200 mg tablet admin-
istered Lo volunicers who had been fasting and the Cmax and
AUCInf of a 1200 mg tablet administered o volunteers who
had consumed a high fat meal were approximately equiva-
lent. Thus, a bi-layer tablet of the present invention dem-
onstrates a reduced food effect, being approximately equally
effective when administered to a patient oo an empty or full
stomach. '

EXAMPLE 1

"A batch of sustained release guaifcncsin tablets, Lot#
7L.B-31FC, with ihe following composition was prepared:

Components weight per Tablet
GUAIFENESIN DC 1260 mg
METHOCEL E10M 30 mg
EMBERALD GREEM LAKE 4 mg
Magpesium Stearate 6.8 mg
Opadry Y-5-3-7413 13,0 mg

Another batch of sustained release guaifencsin tablets,
Lot# 7LB-32FC, with the following composition was pre-
pared:

Componrents wiight per Table:
GUAIFENESIN DC 1260 mg
METHOCEL E10M 30 mg
CARBOPOL 974P 15 mg
EMERALD GREEN LAKE . 4 mg
Magnesium Stearate 6.8 mg
Opadry ¥-5-3-7413 1316 mg

Six 1ableis from Lot 7LB-31FC and six 1ablets from Lot
7LB-32FC were tested for in vitro guaifenesin release using
an Acid/Base dissolution (slightly modified USP 23/NF
18<711> Drug Release wsing Apparatus 2). Six dissolution
vessels of a USP calibrated Hanson dissolution bath,
equipped with shafts and paddies, were filled with 675 m] of
0.1N hydrochorlic acid at 37.0° C, The bath and vessels
were maintained atl a temperature of 37.0x0.5° C. through-
out the 12 hr. dissolution test. The paddies were sel to rotate
at 50 RPM and slowly lowered into the vessels. One tablet
of lot 7L B-31 was then dropped into cach vesssl. _

At the one hour and two hour intervals of testing, 5 mL
samples of dissolution solution were withdrawn from each
vessel and filtered through a 10 micron polyethylene filter
into glass HPLC vials. Immediately after the two hour
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samples were withdrawn, 225 mL of 0.2M sodium phos-
phate tribasic was added 1o each vessel to incrcase the
solution pH to about 6.8, The dissolution was run for ten
morc hours, 2.0 mL samples being withdrawn from each
vessel at the 4 br., 8 hr., 10 hr., and 12 hr. intervals. The
filtered samplcs from each sampling interval were then run
on an HPLC 1o determine percent guaifenesin releesed from
each tablet at each of the sampling intervals.

The same dissolution testing procedure was performed for
lot 7LB-32 FC. The lots gave dissolution profiles shown
below and depicted in FIG. 4.

Lot 71B-31

Vesse} # 1 HR ZHR 4 HR 8 HR 10 HR 12 HR
1 26 k] 55 77 &4 a8

2 27 39 54 75 81 86

3 22 37 50 73 78 85 .
4 23 33 47 64 73 7%

5 25 a5 52 75 81 86

& 24 a5 49 74 &1 87
Average 24,5 36.3 . 512 73.0 79.7 85.2

Lot 71B-32FC

Vessel # 1 HR 2 HR 4 HR 2 HR 10 HR iz HR
1 25 s 42 54 59 &40
2 24 35 42 55 61 66

3 . 26 38 45 50 65 69

4 24 35 42" 54 60 65

5 24 - 43 54 59 54

& 23 34 g 50 55 59
Average 243 357 42,0 54.3 59.8 &4.5

Both formulations demonstrated sustained release of
guaifenesin over a 12 hour period. Lot 7LB-32FC demon-
strated identical release propenties o Lot 7LB-31FCin 0.1N
HCL. In buffered solution, however, Lot 7ZLB-32FC, the lot
comprising a 2:1 ratic of MEFTHOCEL E10M 10 CAR-
BOPOL 974P, demonstrated a statistically slower release

than Lot 7LB-31FC, comprising METHOCEL E10M and no

CARBOPOL 974P. A slower release rafe in vilro translates
10 a slower, more controlled relcase with longer drug action
in vivo—a favorable characteristic for pharmaceutical prod-
ucts containing a high concentration of an active ingredient
with a short half-life.

EXAMPLE 2

A dissolution study was run to compare dissolution pro-
files of lots 7LB-32FC and 7LB-31FC with currently avail-
able guaifenesin dosage forms. One immediate release
tablet, ORGANIDIN NR, and two sustained release tablets,
HUMIBID L.A. and DURATUSS, were subjecled to the
same dissolution study as described for lots 7L.B031FC and
7LB-32FC in Example 1 above. The following is a summary
of the results which are also depicted in FIG. 5.
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-coniinned
ORGANIDIN NR HUMIBID L.A.  DURATUSS Sub. Formu- Teax  Cuex  AUCo 12 Tin AUCr
%g:.l]ait'c:;sin % guiaifen:sin %gulai.fen;sin 5 jeet lation (bry (vg/mL) (br*pg/mb)  (brs)  (hr*ag/mi)
releas! Teiense relense b
DIN NR
1 Hr 100 36 24 Ratio 71B- 9524  36.30 59.60 44827 70.35
2 Hr 103 51 35 (%) 31FCAR
4 HR 104 72 47 Ratic 7LB- 71.43 4492 7347 718.92 98.86
8 HR 103 21 75 (%) 32FCAR
10 HR 103 95 85 10
12 HR 108 100 92 :
Subjects given the 1200 mg formulation 7LB-32FC
- . 1 lasma guaifenesin concentrations of
The immediate release QRGANIDIN released 100% of reached maximum p gu -
guaifenesin content within the first hour of dissolution. The . ﬁO}() i“gfI:nL’Tg‘ ]'zg, holurs _and ht‘:id anl A."JCH;E’;); 3161_5.53
two sustained release dosage forms which are currently r ﬂhg”clln - oLoe S“l-'ccs g“.’t?n ormulation ; pYro
available both demonstrated a slower release of guaifenesin. feac E _m;):;.;n}lllm p as’?;?_.g;al gzzsg-cgnﬁ?zgglgls 0 .
However, both the HUMIBID LA and DURATUSS released ~ #&/TL in 1.67 hours and had an AUCinf o " pg/m
guaifenesin more rapidly than cither Lot 7LB-31FC or The subjects given the 1mmcd_1ale release form}llanop,
FLB-32FC. Both HUMIBID LA and DURATUSS would, _ ORGANIDIN NR, reached maximum plasma guaifenesin -
therefore, exhibit a faster rate of release and thus a shorter 20 concentrations of 2263 ug/mL in 1.75 hours (2 subjects
lived therapeutlc effect in vivo, peaked at 0.5 hours after the first dose and the third peaked
at 0.25 hours afler the second dose at 4 hours) by and had
EXAMPLE 3 an AUCinf of 7752 hr*ug/mL. The iwo controlled release
] formulations demonstrated sustained release in thal their
The in vivo behavior of sustained relcase tablets of Lot 25 half-lives were longer, 5.77 hours for the 7LB-32FC and
TLB-31FC and Lot 7LB-32 FC from Example 1 were ;&.59 hqurs for the 7LB-31 F_C compared to 0.8 hours for the
compared to the in vivo behavior of an immediate release immediate release formulation, ORGANIDIN NR.
formulation (ORGANDIN NR). The open-label study Both formmlations 7LB-32FC (with both METHOCEL
lnvolv_ed 9 healthy volunteers averaging 38+11.01 years of w E10M and CARBOPOL 974P) and 7LB-31FC (with
e Iy o i S * METHOCEL 10 ony) commt e e o pafenei
et ¥ : from the tablet compared o the immediate release
One subject was female and the remainder were male. Each ORGANIDIN NR. Fnrrﬁlﬂalion 7LB-32EC, the formrulalion
subject received either one 1200 mg dose of one of the two cdntaining a 6:1 ratio of METHOCEL E10M to CAR-
above described sustained releass (ablets or 400 mg every 45 BOPOL 974P, had the longest haif life al 5,77 hours with the
four hours for 3 doses of the immediate release formulation. largest AUCinf between the two sustained release formula-
Blood samples (7 mL with sodium heparin as tion. However, both sustained release formulation has a
anticoagulant) were taken prior to dosing and at specific Cmax that was less than half of the Cmax of the immediate
intervals up te 12 hours afier dosing. All blood samples were release ORGANIDIN NR.
chilled and centrifuged within 30 minutes of being drawn. a0
The plasma was separated, transferred 1o a polypropylene EXAMPLE 4
tebe, frozen at —-20° C. or below and stored frozen until
being shipped for guaifenesin analysis. Three different modified rclease tablet lots were prepared
The plasma samples were analyzed by a fully validated with the following compositions:
HPLC method. The resnlts arc depicted in FIG. 6. This 45 Modified Release Formulation 1, non-layered tablet
resuiling plasma concentration v. time data was subjected to
pharmacokinetic analysis using non-comparimental analysis
with Winnonlin 1.5. The results of the pharmacokinetic -
paramelers analysis arc below. Components ‘Welpht per Tablet
50 GUAIFENESIN DC 1260 mg
METHOCEL E10M 40 mg
CARBOPOL 74P 20 mg
Sub- Formu- Tmax Ciaex AUC, 5. Ty AUC, Emerald Green Lake T 4 mg
ject lation {he)  (ugil)  (betpg/ml) (hrs) (hr*ug/ml) Magnesium Stearate 6.8 mg
1 7LB-31FC 200 827.02 4817.20 4.64 6330.25  <g
DB 0% fiE wmR 2R mn T Modied Rolesse Famuistion T, bidayered, 400 mg IR ang
4 TLB-32FC 075 62548 303431 5.78 513435 800 mg MR IR Formulation
5 7LB-RFC 100 105200 587246 599 8208.33 .
6 7LB-32FC 200 137200 7924.35 553 955778
7 ORGANI- 050 214000  6921.94 0.86 00958 o
* DINNR . IR Formutation
8 ORGANI- 425 1817.00  6598.26 0.73 6674.65 -
DIN NR . Compoaents Weight per Tablet
9 ORGANI- 050 2831.00 ©389.76 n.81 9570.91
DIN NR GUAIFENESIN DC 421 mg
Mean 7LB-31FC  1.67  821.37 455174 359 5453.10 Microcrystatline Cellulose 4 mp
Mean 7LB-326C  1.25 101649  5§610.37 577 7663.49 65 (AVICEL)
Mean CRGANI-  1.75  2262.67  7636.65 .80 7751.74 Sodium Siarch Glycolate

50 mg
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-continued

_IR Formufation

Components Weight per Tablet
(BXPLOTAR)
Magnesivm Sicamie 2 mg

SR Formulation

Components Weight per Tablet
GUAIFFNBSIN DC 842 mp
METHOCEL E10M 27 mg
CARBOPOL 974P 13.5 mg
Emerald Green Lake 3 mg
Magnesium Stearate 4.5

mg

Modified Release Formulation 111, bi-tayered, 600 mg IR
and 600 mg SR IR Formulation

IR Formuylation

Components Weight per Tablel
GUAIFENESIN DC 630.8 mg
Microcrystalline Cellulose | 353 mp
(AVICEL)

Sodiuvm Starch Glycolate 90.1 mg
(EXPLOTAB)

Magnesium Stearate 3 mg

SR Formulation

Weight per Tablel

Componenis

GUIAIFENESIN DC 6308 mg
METHOCEL E10M © 4D mg
CARBOPOL 974P 20 mg
Emerald Grcen Lake 4 mg
Msagnesivnt Stearate 6.8 mg

The in vivo behavior of each of the three modified release
tablets and an immediate release formulation {ORGANTDIN
MNR) were compared. The open-label study involved 15
healthy volunteers averaging 31.67+11.89 years of age with
a range of 20 years to 51 years of age. The subjecis weighed
162.00+25.05 1bs. with a range of 123 0 212 Ibs, All 15
subjects were administered 400 mg of the immediate release
formulation every 4 hours for a total of 12 hours in on one
day. On another day, 5 subjects were administered Modified
Formulation 1, another 5 subjects were administered Modi-
fied Formulation 11, and yet another 5 subjects were admin-
isiered Modified Formulation 171,

Blood samples (7 mL with sodium heparin as
auticoagulant) were taken prior to dosing and at specific
intervals up to 12 hours after dosing. All blood samples were
chilled and centrifuged within 30 minutes of being drawn.
The plasma was separated, transferred to a palypropylene
tube, frozen ai -20° C. or below and stored frozen until
being shipped for guaifenesin analysis.

The plasma samples were analyzed by a fully validated.

HPLC method. The results are depicted in F1G. 7. This
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resulting plasma concentration v, time data was subjected to
pharmacokinetic analysis using non-compartmental analysis
with Winnonlin 1.5, The results of the pharmacokinetic
parameters analysis are below.

Tmnx Cmnx AUCO—lZ Tlﬂ Auchf
Formulation  (hr) (ug/nl) (brewg/mb) (b1s) (hrepg/ml)
Mean ORGANI- 0.90 260%.40 F168.40 1.28 2082.78
DIN NR
Mean MR 1 2.30 1631.40 5549.30 2.88 604493
Mean MR I 2.30 241540 7304.38 1.a8 T509.78
Mean MR III 1.95 2938.00 8904.62  2.05 916103

Modified Formulations 11 and I11 exhibited a Cmax more
comparable to the immediate relcase formulation and an
increased AUCinf from that of the non-layered Modified
Formulation 1. However, the half-lives of both Modified
Formulation 11 and 111 were reduced from the half-life of
Modified Formulation 1. Although these bi-layer tablets
showed an improved serum concentration of puaifenesin and
an increased overall concentration with time, their half-life
was compromised.

EXAMPLE 5

A dissolution study was run to compare dissolution pro-
files of Formulation 1, Formulation 1I and Formulation 111
prepared as defined in EXAMPLE 4 above, and Forrnulation
IV, a bi-layer tablet lot with 200 mg IR and 1000 mg SR
prepared with the following corposition:

IR Formulation

Components Weight per Tubiet
GUAIFENESIN DC 211 mg
Microcrystalline Cellulese 118 mg
{AVICEL)
Sodium Starch Glycolate 30 mg
(EXPLOTAB)
Magnesium Stearate 1 mg
SR Formulation
Compaonents Weight per Tablel
GUAIFENESI{N DC i053 mg
METHOCEL E10M 25 mg
CARBOPOL 974P 12.5 mg
EMERALD GREEN LAKE 3.3 mg
Magnesinm Stearate 5.7 mg

The following is a summary of the results which are also
depicted in FI1G. 8.

Formulstion [ Formulation IT' Foromliation [II Formulation [V
% released % released % relensed % released
1 hr 22 45 38 29
2 hr 34 54 45 38
4 hr - 43 63 56 43
6 hr 5Q 70 a1 53
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~continued Steady State Testing
Formulation I Formulation II Formulation Il Formulation [V Toex  Coax AUC, 2 T,p AUC,,,
% released % 1cleased % released % reteased 5 Formolation  (ar)  (ugfml) (bripg/mb) (hrs)  (hropg/ml)
& hr 58 73 56 60 Mean ORGANIL- 203 227820 775123 088 796214
10 br 62 78 70 66 DIN NR .
- 12 br 66 81 15 71 Mean Bi-layered 0.86 2349.6 8202.47 3.61 0259.24
Tabiet
Formulation I, the non bi-layered tablet, demonstrated the 19
slowest release of GUAIFENESIN. Formulation I and
Formutation II¥ had the fastest rates of release and would, The results of the testing are depicted in FIG. 10.
therefore, exhibit 4 faster rate of release and thus a shorter
lived therapeutic effect in vivo. Formulation IV has a rate of
relcasc which was faster than Formulation [, comprising no 35 The 200/1000 mg bi-layered tablct exhibited a Cmax and
immediate release blend, but slower than Formulation 11 and a AUCinf equivalent 1o that of the immediate release blend,
Formulation III both comprising more immediate release a short Tmax and an extended half-life. Thus, a bi-layered
biend than Formulation IV. _tablet with 200 mg guaifenesin in the immediate release
' formulation and 1000 mg of guaifenesin in the sustained
EXAMPLE 6 2% release formulation resulls in a tablet which delivers a high
. . . . serum concentration in a short period of time, yet maintains
The in vivo behavior of Formulation IV bi-layered tablets, an effective concentration of gui:aifenesin in the)lr:llood Stream
prepared as described above in EXAMPLE 5, was compared for a full twelve hours
to an immediate release formulation. (ORGANIDIN NR). e
The open-label, multiple dose, randomized, 2-way crossover 25
study involved 26 healthy volunieers averaging 31.31+9.81
years of age with a range of 19 years to 50 years of age. The EXAMPLE 7
subjects weighed 166.77-29.83 lbs. The subjects were placed
into one of Lwo treatment groups. Group 1 received Formu- .
lation 1V tablet with 240 mL of water after an overnight fast 3¢ A study was performed to examine the relative bioavail-
every 12 hours for 5 days and a single dose on day 6. Group ubility of two different dosage strengths of modifted release
2 received 400 mg of ORGANIDIN NR (2x200 mg tablets) guaifenesin formulations of the present invention as well as
with 240 m1, of water every 4 hours for 5 days and one 400 the effect of food on the relative bicavailability of a guaifen-
mg dose every four hours for a total of 3 doses on day 6. esin formulation of the present invention in normal, healthy
Blood samples (5 mL with sodium heparin as 35 male and/or female volinteers. Two batches of guaifenesin
anticoagulant) were taken prior to dosing on days 1, 4, 5, and bi-layer tablets, one 600 mg and one 1200 mg, were pre-
6. On Day 1, additional blood samples (5 mL with sodium pared according to the following composition.
heparin as anticoagulant) were also oblained at 0.5,0.75,1, :
1.5,2,3,4,4.5,475,5,5.5,6,7, 8, 85, 8.75, 9, 9.5,10. 11,
and 12 hours after the initial dose. On Day 6, additional 40 600 mg Tablet
blood samples (53 mL with sodium heparin as anticoagulant)
were also obtained at 0.5, 0.75, 1, 1.5, 2, 3, 4, 4.5, 4.75, 5,
5.5,6,7,8,85,875,9,9.5,10, 11, 12, 14, 16, and 24 hours - .
after the initial dosc. Plasma was separated and the plasma
frozen until analyzed for guaifenesin content, The resulting 45 Components Weight per 200,000 Tahlets
plasma ?oyccntralion_dfna was subjected to pharmacokinetic SUATFENESIN DO o5
and statistical analysis in order to determine if the sustained Microcrystalline Celluloge fus 31:2
release tablets performed as controlled release tablets at (AVICEL FH102Z)
steady state. Sodium Starch Glycolats 3.00 kg
The results of the pharmacokinetic parameters analysis 30 gff:‘;’ggf,:‘gmm 0.10 kg
are below. ’
Averaged Testing - 11 Twelve-Hour Inlervals 55
SR Formulation
Toax  Cmax  AUCG .,  Tip, AUC, .
Formulation (br.) {up/ml) (br*ug/ml) {hrs)  Chr*pg/ml) Components weight per 200,000 Tableis
Mean OQORGANI- 1.69 2463.20 838193 078 852851 GUAIFENESIN DC 105.27 kg
DiN NR 60 Hydroxypropyl Methyl 2.50 kg
Meun  Bi-layered 1.05 2111.38  7875.68 1.3] 8686.08 Cellulose (METHOCEL
Fahlet E10M)
Carbomer (CARBOPOL 1.25 kg
N 974F} .
The results of the testing are depicted in FIG. 9. . fsf:%i]“e #1 Aleminum 0.33 kg

Magnesium Stearale 0.57 kg
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1200 mg Tablet

TR Formuiation

Components Weigbt per 100,000 Tablets
GUAIFENESIN DC 2105 kg
Microcrystalline Cellulose 11.75 kg
(AVICEL PH102)

Sodium Starch Glycolate 3900 kg
(EXPLOTAB)

Magnesium Stearale 0.30 kg

SR Fommulalion

Componenls Weight per 100,000 Tablets
GUAIFENESIMN DC 105.27 kg
Hydroxypropyl Methyl 250 kg
Cellulose (METHOCEL

E10M)

Carbomer (CARBOPOL 125 kg

974P)

FD&C Blue #1 Aluminum 0.33 kg

Lake Dye

Magnesivm Stearale 0.57 kg

Note: the 600 mg and 1200 mg tablets were similarly
prepared, the only diffcrence between the dosage forms
being that the 1200 mg tablet contained abowt twice as much
.of each ingredient as the 600 mg tablct.

The in vivo behaviors of a 600 mg tablet administered to
volunteers in the fasting state (about 10 hours pre-dose until
about 4 hours after dosing), the 1200 mg tablet administered
to volunteers in the fasting state {about 10 hours pre-dose
until about 4 hours after dosing), and the 1200 mg tablet
administered to volunteers after a high fat meal (consumed
within 30 minutes of dosing) were compared. The open-
label study involved 27 healthy volunteers between the ages
of 18 and 55. The subjects weighed within 15% of their Ideal
Body Weight as defined by the 1983 Metropolitan Life chart,
The 27 volunteers were divided into 3 treatment groups, 9
receiving the 60N mg tablel, 9 receiving the 1200 mg tablet
while fasting, and 9 receiving a 1200 mg tablet after
consuming a high fat meal for Period 1 of the trial. After
completion of Period 1, the volunteers were crossed-over for
Period 2 (¢.g. so that the 9 voluntcers who had been
receiving the 600 mg tablet in Period 1 received the 1200 mg
tablet while fasting in Period 2). After completion of Period
2, the volunteers were crossed-over again into their 3rd and
final treatment group (i.c. the 9 volunieers who received the
1200 mg tablet while fasting in Period 2 and the 600 mg
tablet while fasting in Period 1 received-the 1200 mg tablet
after consumption of a high fat meal in Perind 3). Each
volunteer was administered one dose of thc appropriate
tablct and then monitored over a 16 hour period.

Blood samples (7 mL with sodium heparin as
anticoagulant) were taken about one hour prior to dosing and
at specific intervals up to 16 hours after dosing (at 0.25,0.5,
0.75,1,1.5,2,3,4, 6,8, 10, 12, 14, and 16 hours). All blood
samples were chilled and centrifuged within 30 minutes of
being drawn. The plasma was separated, transferred o a
polypropylene tube, frozen at ~20° C. or below and stored
frozen until being shipped for guaifenesin analysis. The
volunteers were then given at least a seven day washout
period (where no guaifencsin was administered to them
under the study) prior to being crossed-over to the next
treatment group.
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The plasma samples were analyzed by a fully validated .
HPLC method. The results are depicted in FIG. 11. This
resulting plasma concentration v. time data was subjected to
pharmacokinetic analysis using son-compartmental analysis
with Winnoniin 1.5. The results of the pharmacokinetic
parameters analysis are below.

T Cogax AUC, 45 Tir AUCq
Formuiation  (hr) {ep/ml) (hr*pg/ml) (brs)  (hrpg/ml)
Mean 600 mg 0.81 1074.26 3623.03 2.33 3676.23
Fasted :
Mean 1200 mg 0.84° 1948.62 7483.20 333 7912.61
Fasted .
Mean 1200 mg Fed 2.18 1988.08 T424.20 Q.91 7425.29

The 600 mg tablet demonstraled a serum profile approxi-
mately directly proportional to the serum profile of the 1200
mg tablet. The (“max of the 60 mg tablet was about 55%
that of the 1200 mg tablet. The AUC,_,, of the 600 mpg tablet
was about 48% that of the 1200 mg tablet and thc AUCinf
of the 600 mg tablet was about 46% that of the 1200 mg.
improved serum concentration of guaifenesin and an
mcreased overall concentration with time, their half-life was
compromised.

The 1200 mg tablet demonstrated that the bi-layer tablels
of this invention greatly reduce the food effect in bioavail-
ability and serum concentration of guaifenesin. The Cmax of
the 1200 mg tablet administered after a high fat meal (fed
tablet) was about 102% of the Cmax of the 1200 mg tablet
administcred after fasting (fasted tablet). The AUCo,_,, of
the 1200 mg fed tablet was about 99% that of the fasted
tablet and the AUCIng of the 1200 mg fod tablet was about
94% that of the fasted rablet.

Other embodiments and uses of the invention will be
apparent to those of skill in the art from consideration of the
specification and practice of the invention disclosed herein.
The specification and examples should be considered exem-
plary only with the true scope and spirit of the invention
indicated by the following claims. As will be easily under-
stood by those of skill in the art, variations and modifications
of each of the disclosed in erabodiments can be casily made
within the scope of this invention as defined by the following
claims. ’

What is claimed is: . )

1. A modified relcase tablet having two portions, wherein
a first portion comprises a first quantity of guaifenesin in an
immediatc release form which becomes fully binavailable in
the subject’s stomach and a second portion comprises a .
second quantity of guaifenesin and a release-delaying matrix
comprising a hydrophilic polymer and a water-insoluble

‘polymer wherein the weight ratio of said hydrophilic poly-

mer to said water-inseluble polymer is in the range of from
about 1:1 to about 6.8:1, wherein said tablet demonstrates a
C o it 2 human subject equivalent to the C, ., obtained
when the first of three doses of a standard immediate release
formulation having one third the amount of guaifenesin is
doscd every four hours over a 12 hour period, and wherein
said tablet also provides therapeutically effective bioavail-
ability for at least twetve hours after a single dose in a human
subject according to scrum analysis. ) :

2. The modified release tablet of claim 1 wherein said
hydraphilic polymer is selected from the group consisting of
acacia, gum tragacanth, locust bean gum, guar gum, karaya
gum, modified cellulosic, methylcellulose,
hydroxymethylcellulose, hydroxypropyl methylcellnlose,
hydroxypropyl cellulose, hydroxvethylcellulose,
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carboxymethylcellulose, agar, pectin, carrageen, alginate,
carboxypolymethylene, gelatin, casein, zein, bentonite,
magnesium aluminum silicate, polysaccharide, modified
starch derivatives, and a combination thereof.

3. The modified release tabiet of claim 1 wherein the
waler-insoluble polymer is selected from the group consist-
ing of polyacrylic acids, acrylic resins, acrylic latex
dispersions, cellulose acelate phthalate, polyvinyl acetale
phthalate, hydroxypropyl methylcellulose phthalate and a
combination thercof,

4. The modified release tablet of claim 1 wherein said
hydrophilic polymer is hydroxypropyl methyleellulose and
said waler-insoluble polymer is an acrylic resin.

3. The modified release tablet of claim 1 wherein said
tablet additionally comprises an additive selected from the
graup consisting of magnesium stearate, calcium stcarate,
zinc stearate, powdered stearic acid, hydrogenated vegetable
oils, talc, polyethylene glycol, mineral oil, EMERALD
GREEN LAKE, an FD&C color, sucrose, lactose, gelatin,

starch paste, acacia, tragacanth, povidone, polycthylenc
" glycol, Pullulan, corn syrup, colloidal silicon dioxide, talc,
sodium lauryl sulfate, dioctyl sodium sulfosuccinalte,
triethanolamine, polyoxyethylene sorbitan, poloxalkol,
quariermary ammonium salts, mannitol, glucose, fructose,
Xylose, galactose, maltose, xylitol, sorbitol, potassium
chloride, potassium sulfate, potassium phosphate, sodium
chloride, sodium sulfate, sodium phosphate, magnesium
chloride, magnesium sulfate, magnesiurn phosphate, micro-
crystalline cellulose, sodium starch glycolate, and a combi-
nation thereof.

6. The modified release tablet of claim 1 wherein said first
portion includes microcrystalline celiulose, sodium starch
glycolate and magnesium stearate.

7. The modified release tablet of claim 1 wherein the total
quantity of guaifenesin is from about 600 mg to about 1200
mg.

8. The modified release tablet of ¢laim 1 wherein the total
guantity of guaifenesin is 600 mg,

9. The modified release tablet of claim 1 wherein the total
quantity of guaifenesin is 1200 mg.

10, The modified release tablet of c¢laim 1 wherein the
C roxs AUC,,- and AUC, ,; are approximately proportional
to dosage strength. .

- I1. The modified release tablet of claim 1 or 7 wherein the
ratio of said first quantity of guaifenesin to said second
guantity of guaifenesin is about 1:1 1o about 1:5. -

12. The modified release tablet of claim 1 or 7 wherein the
ratio of said first quantity of guaifenesin to said quantity of
second quantity of guaifenesin is about 1:5.

13. The modified release tablet of claim 9 wherein the
Crax Of said tablet is from about 1600 to 2500 ug/mL and
said tablet has an AUC,, of from about 5600 to 8750
hr*pg/mL.

14. The modified release tablet of claim 9 wherein the
C,.ax Of said tablet is at least 1900 ug/mL and said tablet has
an AUC, . of at least 7000 hr¥*ug/mL.

15. The modified release tablet of claim 8 wherein the
C,ax ©f said tablet is from about 800 1o 1230 pg/mL. and said
tablet has an AUC,, . of from about 2800 to 4375 hr*ug/mL.

16. The modified release tablet of claim 8 wherein the
C,.x 0f said tablet is at least 1000 gg/mL and said tablet has
an AUC, - of at least 3500 hr*ug/mL.

17. The modified release tablet of claim 1 wherein said
tablet has a half life, according to scrum analysis, of at least
3 hours.

18. The modified release tablet of claim 1 wherein the
second portion comprises zbout 95.5% by weight of
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guaifenesin DC, about 2.4% by aveight of hydrophilic poly-
mer and about 1.2% by weight of water-insoluble polymer.

19, The modified release tablet of claim 1 wherein said
first and second portions cach comprise abutting substan-
tially planar layers which form a bilayer tablet.

20. The modified release tablet of claim 1 wherein said
first portion is provided as a coating on said second portion.

21. The modified release tablet of claim 1 which is
approximately equally effective when administered 1o a
patient on an empty or full stomach.

22. The modified release tablet of claim 9 which has the
serum guaifenesin concentration profile of ¥IG. 10.

23. The modified release tablet of claim 9 wherein the
second portion comprises from about 85.5% to about 91.4%
by weight of guaifenesin, from about 6.8% to about 10.1%
by weight to hydroxypropyl methylecllulose, and from
about 1.1% to about 2.9% by weight of an acrylic resin.

24. A modified releas¢ product having two portions,
wherein a first portion comprises a first quantity of guaifen-
¢sin in an 1mmediate release form which becomes fully
bioavailable in the subject’s stomach and a second porntion
comprises a second quantity of guaifenesin in a sustained
release form wherein the ratio of said first quantity to said
second quantity provides a C,___ in a human subject equiva-
lent to the C, ., obtained when the first of three doses of a
standard immediate release formulation having one third the
amount of guaifenesin is dosed every four hours over a 12
hour period and wherein said product also provides thera-
peutically effective bioavailability for at least twelve hours
after a single dose in a human subject according 10 serum
analysis.

23, The modified release product of ¢laim 24 wherein the
total quantity of guaifenesin is from about 600 mg 1o ahout
1200 mg.

26. The modified release product of claim 24 wherein the
total quantity of guaifenesin is 600 mg.

27. The modified release product of claim 24 wherein the
total quantity of gunaifenesin is 1200 mg.

38. The modified release product of claim 24 wherein the
Crioer AUC,,» and AUC, |, are approximately propornional
to dosage strength, :

29. The modified release product of claim 24 or 25
wherein the ratio of said first quantity of guaifenesin to said
quantity of second quantity of guaifenesin is about 1:1 to
about 1:5.

30. The modified release product of claim 29 wherem the
ratio of said first quantity of guaifenesin 1o said quantity of
second quantity of guaifenesin is about 1:5.

31. The modified release product of claim 27 wherein the
C,,.x of said product is from about 1600 to 2500 gg/ml. and
said product has an AUC,,, of from about 5600 1© 8750
brigg/mL.

32. The modified release product of ¢laim 27 wherein the
C,.z 0f s2id product is at least 1900 ug/ml and said product
has an AUC, . of at least 7000 hr*pg/mL.

33. The modified release product of claim 26 wherein the
C, .z Of s2id product is from about 300 to 1250 ug/ml. and
said product has an AUC;, of from about 2800 to 4375
hr*pg/ml.

34. The modified release product of ¢laim 26 wherein the
C,,..r 0f said product is at least 1000 gg/mL and said product
has an AUC,, . of at least 3500 hr¥ug/mL.

335. The modified release product of claim 24 wherein said
product has a half life, according to serum analy&ﬁ, of at
least three hours.

36. The modified release product of claim 24 wherein said
first and second portions each comprise abutting substan-
tially plapar layers which form a bilayer 1ablet.
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37. The modified release product of clairn 24 wherein said
first portion is provided as a coating on said second portion.

38. The modified release product of claimm 24 which is a
capsule containing said first and second portions.

39%. The modified release product of claim 24 which is
approximately equally effective when administered to a
patient on an cmpty or full stomach.

40. The modified release product of claim 27 which has
the serum guaifenesin concentration profile of FIG. 10.

41. A modified release product having two poriions,
wherein a first portion comprisés a first quantity of guaifen-
¢sin in an immediate release form which becomes fully
bioavailable in the subject’s stomach and a second portion
comprises a second quantity of guaifenesin in a sustained
release form wherein the ratio of said first quantity 1o said
second quantity is from about 1:1 to about 1:5 and the
product provides a C,,,, in a human subject equivalent to the
C, .z Obtained when the first of three doses of a standard
immediate release formulation having one third the amount
of puaifenesin is dosed every four hours over a 12 hour
peniod and whercin said product also provides therapeuti-
cally effective bioavailability for at least twelve hours after
a single dose in a human subject according to sererm analy-
sis.

42, The modified release product of claim 41 wherein the
total quantity of guaifenesin is from about 600 mg to about
1200 mg. :

43. The modified release product of claim 41 wherein the
iotal quantity of guaifenesin is 600 mg.

44, The modified release product of claim 41 wherein the
total quantity of guaifenesin is 1200 mg.

43. The modified release product of claim 41 wherein the
Conaw AUC,,, and AUC, ;, are approximately proportional
to dosage sirength.
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46. The modified release product of claim 41 wherein the
ratio of said first quantity of guaifenesin o said quantity of
second quantity of guaifenesin is about 1:5,

47. The modified release product of claim 44 wherein the
C. e Of said product is from about 1600 to 2500 ug/mL and
said product bas an AUC, of from about 5600 to 8750
hr*ug/ml.

48. The modified release product of claim 44 wherein the
C,,.ax of said product is at least 1900 yg/m1 and said product
has an AUC, . of at least 7000 hr*wg/mL.

49. The modified release product of claim 43 wherein the
C,iax 0f said product is from about 800 to 1250 gg/mL and
said product has an AUC,, from about 2800 to 4375
hr*ug/ml.

50. The modified release product of claim 43 wherein the
C, .- 0f said product is at least 1000 pg/ml. and said product
has an AUC,, - of at least 3500 hr*zg/mL.

51. The modified release product of clairm 41 wherein said
product has a half life, according 1o serum analysis, of at
least three hours.

52. The modified release product of claim 41 whercin said
first and second portions each comprise abutting substan-
tially planar layers which form a bilayer tablet.

53, The modified release product of claim 41 wherein said
first portion is provided as a coating on said second porlion.

54. The modified rélease product of claim 41 which-is a
capsule containing said first and second portions.

55. The modified release product of claim 41 which is
approxumately equally effective when administered to a
patient on an empty or full stomach.

56. The modified release product of claim 44 which has
the serum guaifenesin concentration profile of FIG. 10.

+ ES * * *
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. :4,372,252B1 7 Pagelof 1
DATED. 1 April 16, 2002_
INVENTOR(S) : Blume et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as showh below:

Column 22,
Line 51, after “8750”, change “hrl ug/mlL” to -- hri*ug/mL --.
Line 56, change “3007 to --800 --,

Column 24,
Line 10, after ““7000”, change “hr*ug/mL” to -- hri*ug/mL --,

Signed and Sealed this

Eighteenth Day of June, 2002

Altess:

JAMES E. ROGAN
Arresting Officer Director of the United States Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. :6,372,252 Bl . Page 1 of 2
DATED : April 16, 2002
INVENTOR(S) : Blume et al.

It is certified that error appears in the above-identified patert and that said Letters Patent is
hereby corrected as shown below:

Columnp 11
Line 4, change "hr* pg/ml" to -- hr*ng/ml --;

Column 13,
Line 54, change "(ug/ml)” 10 -- (ng/ml)--, "(hr*pg/ml)" to -- (hr*ng/ml) --,
"(hr*pg/mb)" to -- (hr*ng/ml) —-;

Column 14,

Line 5, change "(ng/ml)" to -- (ng/ml) --, "(hr*ug/ml)" to -- (hr*ng/ml) --,
"(hr*pg/ml)" to - (hr*ng/ml) --; '

Line 14, change "ug/ml" to -- ng/ml -;

Line 15, change "hr*pg/ml" to -- hr*ng/ml --;

Line 17, change "pg/ml" to -- ng/ml, -- "hr* pg/ml” to -- hr*ng/ml --; -
Line 20, change "pg/ml" to -- ng/ml —-;

Line 23, change "hr*pg/ml" to -- hr*ng/ml --;

Column 16,
Line 9, change "(ug/ml)" to -- (ng/ml) --, "(hr*pg/ml)" to -- (hr*ng/mit) --,
"(hr*pg/ml)" to -- (hr*ng/ml) —;

Column 17, _
Line 58,change "(ug/ml)" 1o -- (ng/ml) --, "(hr*pg/ml)" to - (hr*ng/ml) --,
"(br*pg/ml)" to -- (hr*ng/ml) --;

Column 18, :
Line 4, change "(ng/ml)" to - (ng/ml) --, "(hr*pg/ml)" to -- (hr*ng/ml) --,
"(br*pg/ml)" to -- (hr*ng/ml) --;

Column 20,

Line 10, change "(ug/ml)" to -- (ng/mi) --, "(hr*pg/mlt)" to - (hr*ng/ml) -,
"(hr*pg/mb)" to -- (hr*ng/ml) --;

Line 31, change "AUCo0q.5" 10 -- AUCq. 42 -
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATIENT NO. 16,372,252 B1 Page 2 of 2
DATED : April 16, 2002
INVENTOR(S) : Blumeet al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Colamn 21,
Lines 51, 55, 58 and 61, change "ug/ml" to -- ng/ml --;
Lines 53, 56, 59 and 62, change "hr*pg/ml" to -- hr*ng/ml --;

Column 22 .
Lines 49, 53, 56 and 60, change "pg/ml" to -- ng/ml --;
Lines 51, 54, 58 and 61, change "hr*pg/mi" to -- hr*ng/ml —;

Column 24
Lines 5, 9, 10, 12 and 16, change "pg/ml" to -- ng/ml —-;
Lines 7 and 17, change “hr*tpg/ml” to -- hr*ng/ml --.

Signed and Sealed this

Fourteenth Day of October, 2003

JAMES E. ROGAN
Director of the United States Patent and Trademark Office
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UNITED STATES PA;TEN"I‘ AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. :6,372,252B1 Page 1 of 2

DATED

: April 16, 2002

INVENTOR(S) : Blume et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Column 11
Line 4, change "hr* pg/ml" to -~ hr *ng/ml --;

Column 13 -
Line 54, change "(pg/ml)" to -- (ng/ml) --, "(hr*pg/ml)" to - (hr*ng/ml) -,
"(hr*pg/ml)" to -- (hr *ng/ml) --;

Column 14,

Line 5, change "(ug/ml)" to -- (ng/ml) -, "(hr*pg/ml)" to -- (hr*ng/ml) --,
"(hr*pg/ml)" to -- (hr*ng/ml) --;

Line 14, change "pg/ml" to -- ng/ml --;

Line 15, change "hr*pg/ml" to -- hr*ng/m] --;

Line 17, change "ug/ml" to -- ng/ml, -- "hr* ng/ml" 1o -- hr*ng/ml --;
Line 20, change "ug/ml" to -- ng/ml --;

Line 23, change "hr*pg/ml1" to -- hr*ng/ml --;

Column 16, - :
Line 9, change "(pg/ml)" to -- (ng/mi) -, "(hr*pg/ml)" to - (hr*ng/ml) --,
"(hr*pg/ml)" to - (hr*ng/ml) --;

Column 17, , '
Line 58, change "(ng/mi)" to -- (ng/ml) --, "(hr*pg/mby* to -- (hr*ng/ml) --,
"(hr*pg/ml)" to -- (hr*ng/ml) --;

Column 18, _
Line 4, change "(pug/ml)" to -- (ng/ml) --, "(hr*pg/ml)” to -- (hr*ng/ml) --,
"(hr*ug/ml)" to -- (hr*ng/ml) --; ' :

Column 20, , :
Line 10, change "(ug/ml)" to -- (ng/ml) --, "(hr*pg/ml)" to -- (hr*ng/ml) -,
"(hr*pg/ml)" to -- (hr*ng/ml) --;

Line 31, change "AUCo0q.12" t0 -- AUCyH 5 —;
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,372,252 B1 Page 2 of 2
DATED : April 16, 2002 '
INVENTOR(S) : Blume et al,

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Column 21,
Lines 51, 55, 58 and 61, change "pg/ml" to -- ng/ml -
Lines 53, 56, 59 and 62, change "hr*ug/ml" to -- hr*ng/ml --;

Column 22
Lines 49, 53, 56 and 60, change "pg/ml" 1o -- ng/ml --;
Lines 51, 54, 58 and 61, change "hr*pg/ml" 10 -- hr*ng/ml --;

Column 24

Lines 5, 9, 10, 12 and 16, change "ug/mi" t0 -- ng/ml --;
Line 7, change “hr*tpg/mi” to -- hr*ng/ml --;

Lines 14 and 17, change “hr*pug/ml” 10 -- hr*ng/ml —-.

This certificate supersedes Certificate of Correction issued October 14, 2003,

Signed and Sealed this

Sixth Day of January, 2004

JAMES E. ROGAN
Director of the United States Patent and Trademark Office
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7) ABSTRACT

The invention relates 10 a novel pharmaceutical sustained
release formulation of guaifenesin and at least one additional
drug ingredient. The formulation may comprise a bydro-
philic polymer, preferably a hydroxypropyl methyleeltulose,
and a water-insoluble polymer, preferably an acrylic resin, in
a ratio range of about one-to-one (1:1) to about nineslo-one
(9:1), more preferably a range of about three-to-two G210
about-six-fo-one (6:1), and most preferably in a range of
about two-to-one (2:1) 1o about four-to-one (4:1) by weight.
This formulation capable of providing therapeutically effec-
tive hioavailability of guaifenesin for at least twelve hours
alter dosing in a human subject, The invention also relates
to a modified release product which has two portions: a first
portion having an immediate release formulation of guaifen-
esin and a second portion having 2 sustained relsase formu-
lation of guailenesin, wherein one or both portions has at
least one additional drug ingredient. The modified release
product has a maximum guaifenesin serum concentration
equivalent to that of an immediate release guaifenesin tablet,
and is capable of providing therapeutically effective bia-
availability of guaifencsin for at least twelve bours after
dosing in a human subject.
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TABLETTING

COMFRESS THE RESULTING
GRANULATION INTO TABLETS.

4

BLENDING

BLEND THE SCREENED GRANULATION
WITH ADDITIONAL METHOGEL E10M,
CARBOPOL 974P, MAGNESIUM
STEARATE, AND A COLORANT

!

MILLING AND SCREENING

MILL THE DRIED GRANULATION
THROUGH A MESHED SCREEN.

'S

FLUID 8ED DRYING
DRY THE WET GRANULATION.

4

GRANULATION

MIX GUAIFENESIN WITH
METHOCEL E10M AND WATER.

FIG. 1
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COATING

FILM COAT THE TABLETS WITH A
RAPIDLY DISSOLVING COATING.

TABLETTING

- COMPRESS THE RESULTING
GRANULATION INTQO TABLETS.

|

GRANULATING/BLENDING

BLEND TOGETHER GUAIFENESIN DC,
METHOCEL E10M, CARBOPOL 974P,
~ MAGNESIUM STEARATE, AND
- A COLORANT.

FIG. 2
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TABLETTING
COMPRESS A PORTION OF THE
IMMEDIATE RELEASE BLEND AND A

SUSTAINED RELEASE BLEND IN
~ ATABLET PRESS.

IMMEDIATE RELEASE PREPARATION

BLEND TOGETHER GUAIFENESIN DC,
SODIUM STARCH GLYCOLATE,
MICROCRYSTALLINE CELLULOSE
AND MAGNESIUM STEARATE.

SUSTAINED RELEASE PREPARATION

PREPARE A SUSTAINED RELEASE

~ {FORMULATION USING EITHER STEPS 1

THROUGH 4 OF FIGURE 1 OR STEP 1
OF FIGURE 2.

FIG. 3
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—a— LOT 7LB-31 FC
—a— QRGANIDIN NR

™
2

T
§ B2 BS 875 0 95 10 #

I
i

TIME AFTER DOSING (HR)
FIG. 6

N A

4 4245475 5 55 6

|
3

1
2

15

M
0 02 05075 1

o ]

B

-~

(Tw/bu) NOLLYHINIONGD

2500
2000
1000

900



Case 0:09-cv-61986-WPD Document1 Entered on FLSD Docket 04/21/2009 Page 48 of 77

U.S. Patent Oct. 18,2005  Sheet 7 of 18 US 6,955,821 B2

~+— [MMEDIATE RELEASE
—a— MODIFIED RELEASE |
—~+— MODIFIED RELEASE N
~»— MODIFIED RELEASE I

TIMEAFTER DOSE {HR)
FIG. 7

2500
2000 -
1500 -

—

{wbu} NOILLYHLNIONOD



Case 0:09-cv-61986-WPD Document1 Entered on FLSD Docket 04/21/2009 Page 49 of 77

U.S. Patent Oct. 18, 2005 Sheet 8 of 18 US 6,955,821 B2

—— FORMULATION I

—8— FORMULATION I
—e— FORMULATION Ill
—— FORMULATION IV

— O

TIME {HR)

FIG. 8

20 -
0

B F

100
80

(3SY3134 %



Case 0:09-cv-61986-WPD Document1 Entered on FLSD Docket 04/21/2009 Page 50 of 77

U.S. Patent Oct. 18,2005 Sheet 9 of 18 US 6,955,821 B2

—+— |MMEDIATE RELEASE
—=— MODIFIED RELEASE

|

|
6
TIME AFTER DOSING (HR)
FIG. 9

10

I T
g =

10000

(760) NOLIVHINSONOD



Case 0:09-cv-61986-WPD Document1 Entered on FLSD Docket 04/21/2009 Page 51 of 77

U.S. Patent  0ct. 18,2005 Sheet 10 of 18 US 6,955,821 B2

~+— [MMEDIATE RELEASE
—#— MODIFIED RELEASE

12

FIG. 10

T
6
TIMEAFTER DOSING {HR)

100
10

|
g
‘(_1'”!5”) NOILYELNIINGD

10000



Case 0:09-cv-61986-WPD Document 1 Entered on FLSD Docket 04/21/2009 Page 52 of 77

U.S. Patent  0ct.18,2005  Sheet 11 of 18 US 6,955,821 B2

~— §00.mg FASTED
—=— {200 mg FASTED

—&— 1200 mg FED

16

FIG. 11

T
B
TIME AFTER DOSING (HR)

| i 1 i I I
o [ ] [} 8 [ oy
] (=3 = o]

e (=] = (] ~T c?;

2000

1800 —
1600 ~
1400 ~

~ -~

(1) NOLLYNINIONOD



Case 0:09-cv-61986-WPD Document 1  Entered on FLSD Docket 04/21/2009 Page 53 of 77

US 6,955,821 B2

Sheet 12 of 18

Oct. 18, 2005

U.S. Patent

|eAasall) uajinjoss|a

62 a2 18 1T FPH L DH ~Fm
8 - R 03 24 . EbH-108d —.—
.93 &2 55 S (4oreg [BoJUlD) QEH-1 OB —e—
HH 2L HH S HH 2 HH | o
ge
¥PH-108d —o-
. EvH- 1088 —a— &
{Uoleg JROILID) OEH-10Gd —— A 05

74

oot

{icu1g plepueis ‘ueop) 1gH ueydioawonxag Bw g9 / uiseusyens Bw ggzL
NQ XauIoN 40} S81E) @SEeY UORNOSSIE QK uBydioyjawolxXsq
. AR

paseajad ey




Case 0:09-cv-61986-WPD Document1 Entered on FLSD Docket 04/21/2009 Page 54 of 77

Sheet 13 of 18

US 6,955,821 B2

Oct. 18, 2005

U.S. Patent

{1y Bwisoq Jayry anmy,

O HONBMNULO] ~ap—
g UONeMnio,] —mg—

BOUAISYIY —e—

- 008

- 0001

- 0021

{(t0123 piepue)g 'ueapy)
SUORBINULIOS 334y | U] SI83JUNJOA [BWION 0} 8pIWoIqoIpAY ueydioylewonxaq Bur gy

pue uiseusjieng Bw 00z o uonensiulpy ay Bumojjo4 SUOEIIIDUOY BWISE|] LISBUDjENG

€L aanByy

(Tuy/3u) uogenuaduo)



US 6,955,821 B2

Sheet 14 of 18

Oct. 18, 2005

(1) m:ﬁcﬁ.bﬁ_a_ﬁﬁ
¥ 0 91 (4!
O UONEMUIO] —w—
g uonenino,J —m-—
SIIALIY —»—

{Tui/du) wonexyuzdUO,)

Case 0:09-cv-61986-WPD -Document 1 Entered on FLSD Docket 04/21/2009 Page 55 of 77
U.S. Patent

(10413 psepuelg ‘uesly) suonenuLIoy
B2JY] U] s188jUn|oA {ewuioN 0} apjwoigoipAy ueydioyiawonxaq Bw gg pue ujssusyens
5w ppzL so uonesssiujwpy 9y Buimolo4 suojjesjuasuos ewseld ueydioyjawonxan
3 aunbiy



Case 0:09-cv-61986-WPD Document1 Entered on FLSD Docket 04/21/2009 Page 56 of 77

US 6,955,821 B2

Sheet 15 of 18

Oct. 18, 2005

U.S. Patent

{ng w&woﬂ I3V SuILL,

¥C 174 oi [A! 2 ¥ 0

- 0%

T
o]
(=]
p—

T
=]
v
—i

S

o
&
("u/3u) nvonenUAIUO

O UOREMII0] —p—
g UCHEMULIO] —m—
TOUBINAY e

T T T
8 o o
, 18] [=]
- Ll ] (o]

0sy

(10113 prepuelg ‘ueapy)
Suogejnuuo, saly| ul suesjun|oA [ewloN o} apiwoiqoipAH ueydioyjawonxaq Bw gy pue
uisauajrensy Buw 002} jo uopeasiWPY 9} HUIMO|)04 SUOIIBIUSIUOS BWSE| :ms&o.:xum
S aunbiy :



Case 0:09-cv-61986-WPD Document1 Entered on FLSD Docket 04/21/2009 Page 57 of 77

Sheet 16 of 18

US 6,955,821 B2

Oct. 18, 2005

U.S. Patent

EAJBIU| LOINOSEI]

HN-H0Gd

LAN-L08d ~7—~
BOW-108d ~a—
{yoieg eojin) SAN-108d ~—+—

B8 28 8S 54
B 28 65 24 S9W-L0Bd —=—
26 68 09 o (4oyeg [BOWNID) SN LORd ~—e—
HH 2} HHO MHZ HH L

o2

oF

09

0g

- 00t

“19M suppaydaopnasd Bw pz| juiseuayeng Bui 0oL
€1 X8UI3NN JOJ SAJEY 9SED|dY UCNOSEI] |JH auLpaydaopnasy

g} ainbiry

peseajay uasiad




Case 0:09-cv-61986-WPD Document 1 Entered on FLSD Docket 04/21/2009 Page 58 of 77

US 6,955,821 B2

Sheet 17 of 18

Oct. 18, 2005

U.S. Patent

{1y Busoy

JaiTy auuLy,

¥ 0z 91 Tl 3 : ¥ 0

r 00T
JiF 00¥

[[+ oo

I 008
O UONR[OILIO] —y— - 0001
g UOIBNUIIO] = b
AR Y -t b - O0T1
- Q0P
- 0091
- 0081
- 0002

{10413 piepueis ‘ueap) S188JUNYOA jewioN 0) 1OH auupaydeopnasy Buw gz uHm
Buoly uissuajieng 6w gozi 40 Uogensiuiwpy Buimojjoy Uofjenuaston uisauajlens ewrsejd
L1 a1nby4

(Tuudu} voneIUIIUOY)



Case 0:09-cv-61986-WPD Document1 Entered on FLSD Docket 04/21/2009 Page 59 of 77

U.S. Patent

US 6,955,821 B2

Sheet 18 of 18

Oct, 18, 2005

() Juwoqg 2Ty auILy,
(4

O UORE[MIIO ——
£ UONEIOULIO] ~m—
AT~

4]
0
- 0
- 001
g
- 051 2
-]
g
=
L 00z ©
2
- 05T
L 00€
0S¢

SJ3BJUN|OA |RWJON 03 ulsaueiiens bw ozl yim Buoje |OH supaydeopnasy
Buw 0z1 jo uonessjujwpy Bumolio 4 uoprusdUOY sulpaydaopnesd elwse|d

(o013 paepueyg ‘ueayy)

81 eunBiy



Case 0:09-cv-61986-WPD Document1 Entered on FLSD Docket 04/21/2009 Page 60 of 77

US 6,955,821 B2 )

1

SUSTAINED RELEASE FORMULATIONS OF
GUAIFENESIN AND ADDITIONAL DRUG
INGREDIENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continvation-in-parnt of U.S. appli-
cation Ser. No. 09/559,542 now U.S. Pat. No. 6,372,252
which was filed on Apr. 28, 2000 and issued on Apr. 16,
2002,

BACKGROUND OF THE INVENTION

1. Field of the lovention

"The present invention is directed to a sustained release
formulaticn for oral administration comprising guaifenesin
and at least one drug ingredient and methods of manufacture

" thereof. In particular, the invention is direcied to a sustained
release formulation which maintains a therapeutically effec-
tive blood concentration of guaifenesin and at least one drug
ingredient for a duration of at least twelve hours. The present
invention furiher relates to a modified release bi-layer tablet
containing guaifenesin and at least one drug ingredient
which demonstrates a maximum serum concentration
equivalent to an immediate refease tablet yet maintains a
therapentically effective blood concentration of guaifenesin
for a duration of aboul twelve hours.

2. Description of Related Art

Sustained release pharmaceutical formulations provide a
significant advantage over immediate release formulations
te beth clinicians and their patients. Sustained release dos-
age forms are administered to patients in much fewer daily
doses than their immediate release counterparts and gener-
ally achieve improved therapeutic effect and efficiency in the
fewer daily doses. .

For example, in a standard dosage regimen a 400 mg
immediate release dosage form of an active ingredient
{bereinafter “drug” or “medicament™) with a short half-life,
such as gaifenesin, may have to be administered to & patient
three times within 12 hours to maintain adequate bioavail-
ability of the drug to achieve therapevtic effect. This results
in a series of three scrum concentration profiles in the patient
in which there is a rapid increase of drug followed by a
similar rapid decrease. Such rapid increases and decrcases
provide a patient with a short window of appropriate blood
concentration of the medicament for optimum therapy. A
1200 mg spstained release dosage form, on the other hand,
may only have 1o be administered to a patient once every 12
hours le achieve therapeutic effect. Susiained release dosage
forms generally control the rate of active drug absorption, so
as o aveld excessive drug absorption while maintaining
effective blood concentration of the drug to provide a patient
with a consistent therapentic effect over an extended dura-
tion of time.

Besides reducing the frequency of dosing and providing a
more consistent therapentic effect, sustained refease dosage
forms generally help reduce side cffects caused by a drug.
Because sustained release dosage forms deliver the drug in
slow, incremental amounts versus the cyclic high and low
concentrations of immediate release formulations, it is easier
for a palient’s body lo digest the drug, thereby avoiding
undesirable side-cffects. For patients who self-administer
therapies, sustained release dosage forms generally result in
greater, compliance dve to the lower frequency of dosing,
lower quantity of dosage upits to be consumed, and redoced
undesired side-effects.

10

20

25

30

35

40

45

50

55

a0

65

2

Sustained release formulations for he sequential or timed
release of medicaments are well known in the art. Generally,
such formulations contain drug particles mixed with or
covered by a polymer material, or blend of materials, which
is resistant to degradation or disintegration in the stomach
and/or in the intestine for a selected pericd of time. Release
of the drug may occur by lecching, erosion, rupture, diffu-
sion or similar actions depending upon the nature of the
polymer material or polymer blend used.

Conventionally, pharmaceutical manufactorers have used
hydrophilic bydrocolloid gelling polymers such as hydrox-
ypropyl methylcellulose, hydroxypropyt cellulose, or Pul-
lulan to formulate sustained release tablets or capsules.
These polymers first form a gel when expesed o an aqueous
envirenment of low pH thereby slowly diffusing the active
medicament which is contained within the polymer matrix.
‘When the gel enters a higher pH enviranment such as that
found in the intestines, however, it dissolves resolting in a
less controlled drog release. To provide better sustained
release properties in higher pH environments, some phar-
maceutical mannfacturers use polymers which dissolve only
at higher pHs, svch as acrylic resins, acrylic latex
dispersions, cellulose acetate phtbalate, and hydroxypropy}
methyleellulose phthalate, either alone or in combination
with hydrophilic polymers,

Generally, these formulations are prepared by combining
the medicament with a finely divided powder of the hydra-
philic polymer, or the bydrophilic and water-insoluble paly-
mers. These ingredients are mixed and granulated with water
or an organic sofvent and the granulation is dried. The dry
granulation is then wsvally further bignded with variovs
pharmacentical additives and compressed 1nto tablets.

Although these types of formulations have been success-
fully used te manvfacture desage forms which demonstrate
sustained release propertics, these formulations generally do
not have the desired release profile or serum concentration
of medicament over an extended period of time. These
sustained release formulations generally result in a delayin
the appearance of drug in the bleed stream, thereby delaying
therapeuiic effect. Additionally, when the drug does appear,
its maximum serum concentration (C,,,,) is lower than the
maximum concenfration required for the most effective
therapeutic result. Furthermore, most formulations which
claim twelve heur potency release almost all of their drug
within six te eight hours, making the formulation less
therapentically effective towards the end of the twelve hour
peried. Te prevent blood serum concentrations of active
drug from falling below a therapeutically effective level at
exiended time periods, many manufacturers increase the
drug strength of the dosage form. The increase in drug
strength, however, resulis in a concomitant increase in
side-effects.

To improve the release profile of certain sustained release
dosage forms, some pharmaccutical manufacturers have
made tablets and capsules which comprise a combination of
an immediate release formulation and a sustained release
formulation. Although this solution improves the C,,_ and
length of time before the diug appears in the blood stream
in some formulatiens, the extended therapeutic effect is not
imptoved. - -

Furthermore, every medicament has different solubility
properiies and pH dependencies which affect its dissolution
rate, and hence iis bioavailability. Bioavailability can also be
affected by 2 number of factors such as the amounis and
types of adjuvants used, the granulation process, compres-
sion forees (in tablet manufactring), surface area available
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for dissolution and environmental factors such as agitation
in the stomach and the presence of fooed. Due to these
numercus factors, specific formulations play an important
role in the preparation of prolonged acticn solid dosage
forms, particularly in the preparation of solid dosage forms
which achieve appropriate bioavailability for optimum
therapeuntic effect.

Guaifenesin is kmown chemically as 3-(2-
methoxyphenoxy)-1,2-propanediol. It is an expeclorant, a
drug which increases respiratory tract fluid secretions and
belps to loosen phlegm and bronchial secretions. By redue-
. ing the wiscosity of secretions, guaifenesin increases the
efficiency of a cough reflex and of ciliary actionin removing
accumulated secretions from trachea and bronchi. Guaifen-
esin is readily absorbed from the intestinal tract and is
rapidly metabolized and excreted in urine. Guaifenesin has
a typical plasma half-life of approximately one hour
Because of the rapid metabolization and excretion of
guaifenesin, typical immediate release dosage tablets of
guaifenesin provide only & short windoew of therapeutic
cficctiveness for patients resulting in the various recognized
problems described above.

None of the pricr art has described a sustained release
dosage form of guaifenesin which is capable of sustaining
therapeutic effective for al least twelve hours. Likewise,
pone of the prier an has described a sustained release dosage

. form of praifenesin which has a C, . equivalent to that of
an immediate release formmlation, appears in the blood
stream as quickly as an immediaie release formulation, yet
sustains therapeutic effect for at least twekee hours.

SUMMARY OF THE INVENTION

The present mmvention overcomes the problems and dis-
advantages associated with current strategies and designs in

formulations of modified release guaifenesin dosage forms. -

This ioventicn relates to a novel sustained release phar-
maceutical formulation corprising guaifenesin and at least
one drug ingredient. The sustained release formulation may
comprise a commbination of at least one hydrophilic polymer
and at least one water-insoluble polymer. The total weight
ratic of hydrophilic polymer to water-insoluble polymer
may be in a range of about cne-to-ome (1:1) to about
nine-to-one (9:1), more preferably in 2 range of about
three-to-two (3:2) to about six-to-one (6:1), and most pref-
erably in a range of about two-to-ome (2:1) to about four-
- 1o-one (4:1). When a tablet comprising the sustained release
formulation is exposed to an aqueous medium of low pH,
such as that found in the stomach, the polymer combination
gels causing guaifenesin and the drug ingredient to diffuse
from the gel. When the tablet passes to the intestines where
an aqueous medive of higher pH is present, the gel begins
to dissolve, thereby releasing guaifenesin and the drug
mgredient(s) in controlled amounts. The tablet is capable of
releasing therapeutically effective amounts of guaifenesin
over an extended peried, ie. fwelve or more hours and at
least one additional drug ingredient immediately, over an
cxtended periad, or both.

This invention also encompasses @ modified release com-
position which comprises two discrete porticns (e.g. a
bi-layer tablet, or capsule), an immediate release formula-
tion and a suslained release formulation. Each formulation
comprises a specific quantity of guaifenesin and may option-

ally contain at least one additional drug. The immediate

release formulation is formulated to dissolve in aqueons
acidic medium, such as that found in the storach, to quickly
release guaifenesin contained within the portion, and option-
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ally quickly release the at least one additional drug ingre-
dient. The sustained release portion may comprise a com-
bination of bydrophilic polymer and a water-insoluble
polymer in a ratio range of about one-to-one (1:1) to about
nine-1o-one (9:1), more preferably a range of about three-
to-two (3:2) fo about six-to-one (6:1), and most preferably
fram abeut two-te-one (2:1) 10 about four-to-one (4:1).

The present imvention also relates to suslained release
preparations of the type described above in the form of
capsules having beads or granules of both irnmediate release
formulation and beads or granules of sustained release
formulation. Alternatively, the sustained release formulation
may comprise a core that is coated by a laver of the
immediate release formulation to form 2 single tablet. For
purpose of ilustration only, the invention will be described
in detail in the context of the bi-tayered tablet embodiment.

The bi-layer tablet of the present invention demonstrates
a maximum serum concentration (C,,,,) and lime of avail-
ability in the blood stream that arc equivalent o an imme-
diate release tablet. The bi-layer tablet also provides sus-
tained release of puaifenesin over at least a twelve hour
peried from one dose. The bi-layer tablet of the present
invention further maintains serum concentration levels of
guaifenesin at a therapeutically effective level for at least a
twelve hour period without an increase in the drug strength
of the dosage form. As the bi-layer tablet of the present
invention also contains at least one additional drug
ingredient, the additienal drug ingredient can be formmlaied
within the sustained release formulation, immediate release
formulation, or both. In one embodiment, the bi-layer tablet
of the present invention maintains seTumn concenfration
levels of at least one additional drug at a therapeutically
effective level for at least a twelve hour period without an
increase in the drug strength of the dosage form.

The present invention also relates ¢ methods of manu-
facturing sustained rclease formulations and bi-layer tablets
of the present invention. An example of a manufaciuring
method for a sustained release fermulation comprises mix-
ing a hydrophilic polymer and active ingredients in a mixer,
adding water to the mixture and contiming to mix and chop,
drying the mixture to obtain hydrophilic polymer encapsu-
lated granules, oulling and screeming the resulting
granulation, and blending it with varous pharmaceutical
additives, additicnal hydrophilic polymer, and water
insohuble pelymer. The formulation may then be tableted
and may further be Alm coated with a prolective coating
which rapidly dissolves or disperses in gastric juices.

An example of a bi-layer tablet mamufacturing methed
comprises blending a quantity of guaifenesin and opticnally,
at least one drug ingredient with various excipicuts,
celorams, andfor other pharmaceutical additives to form an
immediate release formulation, separately blending another
quantity of puaifenesin and at least one drug ingredient with
a hydrophilic polymer, a water-inspiuble polymer, and vari-
ous excipients, colorants, and/or other pharmaceutical addi-
tives to form a sustained release formulation, and compress-
ing a quantity of the immediate release formulation with a
quantity of the sustained release formulation to form a
bi-layer tablet. The tablet may then be aptionally coated with
a protective coating which rapidly dissolves or dispersés in
gasiric juices.

Other objects, advantages and embodiments of the inven-
lion are set forth in part in the description which follows, 2nd
m parl, will be obvious from this description, or may be
leamed from the practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FEG. 1 is a flow diagram depicling steps in a wet granu-
lation method for manufacturing the sustained relcase for-
mulation of the present invention.
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FiG. 2 is a flow diagram depicting steps in a dey granu-
lation method for manufacturing the sustained release for-
mulation of the present invention.

FIG. 3 is a flow diagram dépicting steps in a method for
manufacturing the bi-layer tablet of the present invention.

FIG. 4 is a graph demonstrating the dissolution profiles of
lablets comprising two different sustained release formula-
tions of the present iovention.

FIG. 5 is a graph demonstrating the dissolution profiles of
an immediate release dosage form and two sustained release
dosage forms of guaifenesin, all of which are known in the
ari.

FIG. 6 is a graph demonstrating the plasma concentration
of guaifenesio over time in healthy human volunteers who
were dosed with three different guaifenesin formulations; an
immediate release formulation known in the arl, and two
different sustained release formulations of the present inven-
tion.

FIG. 7 is a graph demonstrating the plasma concentration
of gunaifenesin over time in healthy human voluntcers from
an immmediate release tablet lot which is known in the ary, a
uon-layered -modified release tablet lot of the present
mvention, and two bi-layered modified release tablet lots of
the present invention (one comprising 600 mg of immediate
release formulation and 600 mg of sustained retease formu-
laticn and the other one comprising 400 mg of immediate
release formulation and 800 mg of sustained release
formulation).

FIG. 8 is a graph demonstrating the dissolution profiles of
four sustained release tablets of the present invention: one
tablet is mon-layered, comprising 1200 mg of sustained
release formulation; another tablet is bi-layered, comprising

600 mg of sustained release formulation and 600 mg of
" immediate release formulation; another tablet is bi-layered,
comprising 800 mg of sustained release formulation and 400
mg of immediate release formulation; and yet another tablet
is bi-layered comprising 1000 mg of sustained release
formulation and 200 mg of immediate release formulation.

FIG. 9 is a graph demonstrating the plasma concentration
of guaifenesin over an averaged 12 hour interval (taken from
11 twelve hour intervals over 5.5 days) in healthy human
volunteers from an immediate release tablet lot known in the
att and a bi-layered modified release tablet lot of the present
invention.

FIG. 10 is a graph demonstrating the plasma concentra-
tion of guaifenesin over time (the last twelve hour interval
of the 11 twelve hour intervals described above) in healthy
human volunteers from an 1mmediate release tablet lot
known in the art and a bi-layered meodified release tablet lot
of the present invention.

FIG. 11 is a graph demoostrating the averaged plasma
concentration of guarfenesin over a 16 hour peried in 27
healthy buman volunteers from 600 mg bi-layered modified
release tablets of the present invention administered to
fasting volunteers, 1200 mg bi-layered modified release
tablets of the present invention admipistered to fasting
volunteers, and 1200 mg bi-layered modified release tablets
of the present invention administered to volunieers who had
been fed a high fat meal.

FIG. 12 is a graph demonsirating the dissolution profile of
dextromethorphan HBr as measured by three differcnt
hatches of a 1200 mg guaifenesin-60 mg dextromethorphan
tablet aver a 12 hour period as measured by the weight
percentage of dextromethorphan HBr dissolved over time.

FIG. 13 is a graph demonstrating the plasma concenira-
tion of guaifenesin following the administraticon of 1200 mg
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guaifenesin and 60 mg dextromethorphan HBr to volunteers
separately and in formulations of the present inventicn,

FIG. 14 is a graph demonstrating the plasma concentra-
tions of dextromethorphan HEr following the administration
of 1200 mg guaifenesin and 60 mg dextromethorphan HBr
to volunteers in three different formulaticns.

FIG. 15 is a graph demonstrating the plasma concentra-
uons of the mefabolite dextrorphan following the adminis-
iration of 1200 mg guaifenesin and 60 mg dextromethorphan
HBEr to volunteers in three different formulations.

FIG. 16 is a graph demonstrating the dissolutien profile of
pseudoephedrine HCI in three different batches of a 1200 mg
guaifenesin-120 mg pseudoephedrine HCI tablet formula-
tion over a 12 hour period as measured by the percent
pseudoephedrine HC! dissolved over time.

FIG. 17 is a graph demonstrating the plasma cencentra-
tion of guaifencsin following the administration of 1200 mg
guaifenesin and 120 mg psendoephedrine HCI to volunteers
separately and in formulations of the present invention.

FIG. 18 is a graph demonstrating the plasma concentra-
ticn of pseudoephedrine HCI following the administration of
1200 mg guaifenesin and 120 mg psendoephedrine HCI to
volunteers in three different formulations.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention encompasses a novel sustained
release formulation comprising guaifenesin and at least one
additional drug ingredient. This invention alsc encompasses
a modified release composilion which comprises two dis-
crefe’ portions, an immediate release formmlation and a
sustained release formulation. Each formulation comprises a
specific quantity of guaifenesin and may eptionally contain
at least one additional drug. The immediate release formu-
lation is formulated to dissolve in agquecus acidic medium,
such as that found in the stomach, to quickly release
guaifenesin contained within the pertion, and opticnally
quickly release the at least one additional drug ingredient. In
a preferred embodiment, the sustained release formulation
comprises a combinaiion of a hydrophilic pelymer and a
water-insoluble polymer in a ratio range of about ome-to-cne
(1:1) to about nine-1o-one (%:1), more preferably a range of
about three-lo-two (3:2) to about six-to-one (6:1), and maost
preferably in a range of about two-tone (2:1) to about
four-to-one (4:1).

The present invention also relates o sustained release
preparations of the type described above in the form of
bi-layered tableis or capsules having 2 combination of beads
or granules of immediate release formulation and beads or
gramtles of sustained release formulation. Alternatively, the
sustained release formulation may comprise a core that is
coated by a layer of immediate release formulation to form
asingle tablet. For purpose of illustration onty, the invention
will be described in detail in the context of the bi-layered
tablet embodiment. When the embodiment is a bi-layered
tablet, the tablet is made of two porlions: ome portion
comprising a sustained release formulation -and a second.
portion comprising an immediate release formulation. In a
preferred embodiment, the at least one additional drug
ingredient can be present within the sustained release
formulation, the immediate release formulation, or both
depending upon the desired effect.

1. Sustained Release Formulation

In ore cmbodiment of the present invention, a sustained
release formulation comprises guaifenesin and at least one
drug ingredient both mixed with a polymer blend which
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comprises at least one hydrophilic polymer and at least one
waler-inscluble polymer. In a further embodiment, the sus-
tained release formwlation may comprise a combination of
guaifenesin and at least one additional drug ingredient,
wherein the additional drug ingredient includes, but not
limited to, an auntitussive such as dextromethorphan
hydrebromide, codeine, hydroendone, a decongestant such
as phenylephrine hydrochloride, phenylpropanclamine
hydrochloride, pseudecephedrine hydrochleride or
ephedrine, an antihistamine such as chlorpheniramine
maleate, brompheniramine maleate, phenindamine tartrate,
pyrilamine maleate, doxylamine succinate, phenyltoloxam-
ine cifrale, diphenhydramine hydrochloride, promethazine,
and clemastine fumerate, an analgesic such as aspirin,
ibuprefen, naprosin, and acetaminophen, or combinations
thereof, Preferably, the drug ingredient is dextromethorphan
hydrobromide, pseudoephedrine hydrochleride, or a combi-
nation thereof.

Hydrophilic polymers suitable for nse in the sustained
release formulation include: one or more natural or partially
or totally synthetic hydrophilic goms such as acacia, gum
tragacanth, locust bean gum, guar gum, or karaya gum,
modified cellvlosic substances -such as methylicellulose,
hydroxomethylcellulose, hydroxypropyl methylcellulese,
hydrexypropyl cellulose, hydraxyethylcellulose, carboxym-
ethylcellnlose; preteinaceous swbstances such as agar,
pectin, carrageen, and alginates; and other hydrophilic poly-
mers such as carboxypelymethylene, gelatin, casein, zein,
bentonite, magnesium aluminum silicate, polysaccharides,
modified starch derivatives, and other hydrophilic polymers
known to those of skill in the arl or a combination of such
polymers. :

These hydrophilic polymers gel and dissolve slowly in
.aqueouws acidic media thereby allowing the guaifenesin and
al least one drug ingredient to diffuse from the gel in the
stomach, When the gel reaches the intestines, it dissolves in
controlled quantities in the higher pH medivm, where the
guaifenesin aund the drug ingredient are fairly absorbable, to
allow sustained release of guaifenesin and al least one drug
ingredient throuwghout the digestive tract, Preferred hydro-
philic pelymers are the hydroxyprepyl methylcelluloses
such as those manvfactured by The Dow Chemical Com-
pany and known as METHBOCEL ethers. In one preferred
embodiment of a sustained release formulation the hydro-
philic polymer is a METHOCEL ether known as METHO-
CEL E10M,

" Waier-inscluble polymers which are svitable for vse in the
sustained release formulation are pelymers which generally
do not dissclve in solutons of a pH below 5, and dissolve
more slowly in basic sclutions than the hydrophilic polymer.
Because the pelymer is insoluble in low pH environments
such as those found in gastric fluid, it aids in retarding drug
rclease in those regions. Likewise, because the polymer
dissolves more slowly in soluiions, of higher pH than
hydrophilic polymers, it aids in retarding drug release
throughout the intestines. This overall delayed release
results in a mere wniform serum concentration of guaifen-
esin.

The water-inscluble polymers suitable for use in this

invention include: polyacrylic acids, acrylic resins, acrylic

latex dispersions, cellulose acetate phthalate, polyvinyl
acetate phthalate, hydroxypropyl methylcellulose phthalate,
and other polymers commen to those of skill in the art. In a
preferred embodiment, a svstained release formulation com-
prises the acrylic resin CARBOPOL 974F supplied by BF
Goadrich.

A sustained release formulation of the present invention
may further comprise pharmaceutical additives including,
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but not limited to: lubricants such as magnesium slearate,
calcium stearate, zinc stearate, powdered stearic acid, hydro-
genated vegetable oils, talc, pelyethylene glycol, and mia-
eral cil; colerants such as Emerald Green Lake and various
FD&C colors; binders such as sucrose, lactose, gelatin,
starch 'pasle, acacia, (ragacanth, povidone polyethylene
glycol, Pullulan and corn syrup; glidants such as colloidal
silicon dioxide and talc; surface active agents such as
sodium lauryl sulfate, dicctyl sodivm sulfosuccinate,
Iriethanclamine, polyoxyethylene sorbitan, poloxalkol, and
quarlernary ammonium salts, preservatives and stabilizers;
excipients such as lactose, mannitol, glucose, fructose,
xylose, galactose, sucrose, maltese, xylitol, sorbitol,
chloride, sulfate and phosphate salis of potassinm, sodivm,
and magnesivm; and/or any other pharmacentical additives
known to those of skill in the art. Celerants include, but are
oot limited te, Emerald Green Lake, FD&C Red #40, FD&C
Yellow #6, FD&C Yellow #10, or FD&C Blue #1. In one
preferred embodiment, a sustained release formulation fur-

.ther comprises magnesivm stearate and Emerald Green

Lake. Io ancther preferred embodiment, a sustained release
formmulation further comprises magnesivm siearate and

" FD&C Blue #1 Alumioum Lake Dye.

A sustained release formulation of the present invention
can compnse al least two drug ingredienis, at leasi one
hydrophilic polymer, at least one walter-insoluble pelymer,
and at leasl one pharmaceutical additive in any approprate
percent guantity which permits dissolution of drug ingred;-
ents thal resulis in a therapentically effective serum concen-
tration profile for a full twelve hours. In a preferred
embodiment, a sustained release formulation comprises
from about 75% to aboul 95% guaifenesin by weight, from
about 1% 1o about }5% by weight of a additional drug
ingredient, from about 1% to about 10% hydroxypropyl
methyleellulese, from about 0.5% to abour 2.5% acrylic
resin, from about 0.4% 1o about 1.5% magnesium stearale,
and from about 0.01% to about 1% colorant by weight. In a
more preferred embodiment, a sustained release formulation
comprises from about 80% to about 90% guaifenesin by
weight, from about 3% to aboumt 10% by weight' of a
additional drug ingredient, from about 2% to about 5%

-hydrexypropyl methyleellulose, from abowt 1% to about

1.5% acrylic resin, from about 0.7% to about 1% magresium
stearate, and from about 0.03% to about 0.13% colorant by
weight,

The present inventive svstained release formulation con-
trols release of guaifenesin and at least one additional drug
ingredient inte the digestive tract slowly over ime. The drug
guaifenesin experiences a shift in water solubility as the pH
of the environment in which il resides (i.e. siomach versus
intestinal tract) changes. In & more acidic environment, such
as that found in the siomach, guailenesin is less soluble
while in a higher pH envircnmendi, such as thaf found in the
inlestines, guaifenesin is readily scluble. Dissolution rate of
guaifenesin thronghout the digestive traci is thus of primary
imporance in determining concentrations of praifenesin
attained in the bleod and tisswes as a drug formulatien is
digested.

Te maiatain a blood concentration of guaifenesin which
provides good therapeutic effect, the release, or dissoltion,
of gnaifenesin from a formwlation matrix is preferably
retarded and/cr controlled throngh the intestines. The com-
binaticn of hydrophilic and water-insoluble polymers of the
sustained release formulation of the present invention gels
when exposed to media of low pH. This creates a matrix out:
of which guaifenesin can diffuse. When the gelled polymer
combination is exposed to media of a higher pH, the gel
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begins to slowly dissolve thereby releasing guaifenesin at a
controlled rate.

Additionally, when at least one additional drug ingredient
is presenl in the combination of hydrophilic and water-
insolubie polymers of the sustained release formulation of
the pres¢nt invention, the additional drug ingredient diffuses
from the gel when the combination gels when exposed to
media of low pI. As discussed above, when the gelled
polymer combination is exposed to media of a higher pH,
the gel begins 1o slowly dissolve thereby releasing at least
on¢ additional dmg ingredient at a controlled rate in addition
to the guaifenesin. When using drug ingredients approved by
the Food and Drug Administration (FDA), the sustained
release formulation may be formulated to mimic the biood
serum profile of the additional dreg as described in the
clinical documents filed with the FDA or as required by the
FDA. In other words, the sustained release formulation

"releases at least one additional drug at a similar rate to the
commercially available formulation, thereby providing a
therapeutically effective amount of the additional drug.

In a preferred embodiment of the present invention, a
sustained release formulation comprises a hydrophilic poly-
mer and a waler-insoluble polymer in a ratio of about
one-to-one (1:1) to about nine-to-one (:1), more preferably
the range is about three-to-two (3:2) to about six-to-one
(6:1), and most preferably the range of hydrophilic polymer
to water-insoluble polymer is about two-to-one (Z:1) to
about four-to-one (4:1). In another embadiment, the sus-
lained release formulation comprises not more -than aboul
10% hydrophilic polymer, preferably, not more than 6%, and
in a more preferred embodiment, the sustained release
formulation comprises not more than 2.5% of the hydro-
philic polymer by weight. In another preferred embodiment,
the hydrophilic polymer is hydroxypropyl methylcellulose
and the water-insoluble polymer is acrylic resin. The inven-
tors have discovered that the ratios result in a serm con-
centration profile of guaifenesin that provides an optimal
therapeutic concentration for at least twelve hours.

A sustained release formulation of the present invention
may be manufactured according to any appropriate method
koown 1o those of skill in the art of pharmaceutical manu-
facture. In one ¢mbodiment, guaifenesin and a hydrophilic
polymer may be mixed in a mixer with an aliquot of water
to form a wet granulation. The granulation may be dried to
obtain hydrophilic polymer encapsulated granules of
guaifencsin. The resulting gramulation may be milled,
screened, then blended with various pharmaceutical
additives, water insoluble polymer, and additional hydra-
philic polymer. The formulation may then tableted and may
further be flm coated with a proteciive coating which
rapidly dissolves or disperses in gastric juices.

A preferred embodiment of a methed of preparing a
sustained release formulation of the present invention may
comprise loading approximately 126 kg of GUAIFENESIN
and about 2 kg of METHOCEL E10M into a high shear
mixer. The METHOCEL EIOM and GUAIFENESIN may
be mixed for about seven minutes at a mixing speed of about
150 RPM and .a chopper speed of about 2000 RPM. The
mixing and chopping speeds may then be increased to about
200 RFM and 3000 RPM respectively for aboul five minutes
while abiout 49 kg of waler are added o the miXer contenis.
The mixer may be rn for two additional minutes to com-
plete granulation. In a further preferred embodiment, the
shut off for the mixer load is set 10 21 kilowatls.

The wet granulation may be emptied into a fluid bed bowl
and placed into a fluid bed dryer set to a dryer air flow of 500
CFM and an inlet temperature of about 50° C. to about 55°
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C. uniil the outlet termperature increases at a rate.of 1° per
minute. The air flow may then be decreased to 600 CFM,
and the inlet temperature may be decreased to 43° C. until
the granujation is dried to a moisture content of no more than
0.5%. In another preferred embodiment, the outlet tempera-
ture is set to a cut-off of 48° C. In yet another preferred
embodiment, an agitator in the fluid bed bowl may be run
intermittently during drying. The dried grannlation may be
passed through a mill fifted with a suitable screen size so that -
nol mare thao about 30% of the resulting granulation comes
through a 100 mesh screen and not more than about 10% of
the resulting granulation is retained on a 10 mesh screen. In
one preferred embodiment, the dried granulation may be
passed through a mill fitted with a 0.109" size screen at a
mill speed of about 500 to about 1500 RPM and a screw feed
rate of about 35 to about 45 RPM. The resulting screened
granulation is about 95% GUAIFENESIN and is called
GUAIFENESIN DC (Direct Compressed) herein after.
Screened granulation may be transferred to a 10 cubic foot
V blender, combined with about another 0.6 kg of METHO-
CEL E10M, about 0.3 kg of a colorant such as Emerald
Green Lake or FD&C BLUE #1, about 0,7 kg of magnesium
stearale, and about 1.3 kg of CARBOPOL 974P. The com-
bination may be blended for about Ihree minutes.

In anather preferred embodiment of a method of prepar-
ing a sustained release formulation of the present invention
may comprise loading about 101 kg to about 150 kg of
GUAIFENESIN, about 4.5 kg to about 18 kg of the addi-
tional drug ingredient, about 4.5 kg to about 5 kg of
METHOCEL E10M, about 1.5 kg to aboui 2.25 kg of
CARBOPOL® 974P, and about 40 g to about 240 g of
colorant into a high shear mixer. If at this time water is to be
added, then about 1 kg 1o about 1.5 kg of magnesium
stearate is added as well. The ingredients may be mixed for
about ten to about 12 minutes at a mixing speed of about 150
RFM and a chopper speed of about 2000 RFM. The mixing
and chopping speeds may then be increased to about 200
RPM and 3000 RPM, respectively, for about five minutes
while optionally about 29 kg of water are added to the mixer
contents. If no water is added, then from about 1 kg 1o about
1.5 kg of magnesium stearate can be added at this {ime. The
mixer may be run for (en additional minutes 10 complete
granulation. In a further preferred embodiment, the shut off

_ for the mixer load is set to 21 kilowalts.

The wet granulation may be emptied into a fluid bed bowl
and placed into a fluid bed dryer set to a dryer air flow of 900
CFM and an inlet lemperature of about 38° C. 1o about 48°
C. untit the outlet temperature increases at a rate of 1° C. per
minute, The air flow may then be decreased to 600 CFM,
and the iniet temperature may be decreased 1o 43° C. yntil
the granulation is dried to a moisiure content of no more than
0.5%. In another preferred embodiment, the outlet tempera-
ture is set to a cut-off of 48° C. In yel another preferred
embodiment, an agitator in the fluid bed bowl may be run
intermittently during drying. The dried granulation may be
passcd through a mill fitted with a suitable screen size so that
not more than about 30% of the resulting granulation comes
throvgh a 100 mesh screen and not more than aboul 10% of
the resulting granulation is retained on a 10 mesh screen. In
one preferred embodiment, the dried granulation may be
passed through a mill fitted with a size screem of about
0.109" 1o about 0.125" at 2 mill speed of aboul S00 1o about
1500 RPM and a screw feed rate of about 35 to about 45
RPM.

The resulting formulations may further be compressed on
a tablet compressor machine using tooling 1o form tablets.
The tablets may be any appropriate weight, size, and shape
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depending on the desired dosage strength of tablet. In one
embodiment, these tablets may further be loaded into a
coating pan and film coated with Opadry Y-$-3-714
(supplied by Colorcon, Inc.) and air dried in the pam.

Another embodiment of the method of preparing a sus-

tained release formulation of the present invention may
‘comprise blending the drug ingredients, hydrophilic
polymer, water insoluble polymer, and any pharmaceutical
additives. The resuliing blend may then be compressed into
tablets and, if desired, film coated with a protective codting
which rapidly dissolves or disperses in gastric juices. in a
preferred embodiment of such a method, about 126 kg of
GUAIFENESIN DC' (about 95% purity), about 2.6 kg of
METHOCEL E10M, about 1.3 kg of CARBOPOL 974P and
about 0.333 kg of a colorant such as Emerald Green Lake or
FD&C BLUE #1 may be loaded into a 10 cubic foot V
Blender. The ingredients may be blended for about 20
minutes at which time about 0.6 kg of magnesium siearate
may be added to the blended ingredients. This mixture may
be blended for about another 10 minutes. The resuliing
formulation may further be compressed on a tablet. com-
pressor machine using tooling to form tableis, The tablets
may be any appropriate weight, size, and shape depending
on the desired dosage sirength of the tablet. These tablets
may further be loaded into a coaling pan and flm coated
with Opadry ¥-5-3-714 (supplied by Colorcon, Inc.) and air
dried in the pan.

Tablets comprising a sustained release formulation of the
present invention were prepared and tested for both in vitro
and in vivo release characteristics as described in Examples
1,2, and 3 below. In the in vilro testing, the dissolution rates
of thesc tablets were compared against modified release
tablets formulated without acrylic resin (Example 1), and
three commercially available tablets, one being an immedi-
ate release formulation and the other two being modified
release formulations. Tablets comprising the susiained
release formulation of the present invention demonstrated a
slower, more contralled release of guaifenesin over a twelve
hour period than any of the other tablets (see Example 1 and
2, and FIGS, 4 and 5).

In the in vivo testing, serum concentrations of subjects
taking lablels comprising the suslained release formulation
of the present invention were compared with serum concen-
tralions of subjects taking immediate release guaifencsin

* tablets and modified releas¢ gnaifenesin tablets formulated
without acrylic resin (see Example 3 and FIG. 6). Tablets
comprising the sustained release formulation of the present
invention demonstraied improved sustained release and
iherapeutic concentration at extended time periods thal the
other two formulations. However, in the subjects laking
tablets comprising the sustained release formulation of the
present invention, il took longer for guaifenesin to appear in
the blood stream and the maximum serum concentration
(C...) of guaifenesip in these subject was less than half of
that of the subjects taking the immediate release tablets.
2. Modified Release Product

To improve the C,,,. and speed of appearance of guaifen-
esin in patienis while maintaining therapeutic effect for at
least twelve hours, a portion of a sustained release formu-
lation of the present invention as described above may be
combined with a portion of an immediate release formula-
tion in a modified release producl. In a preferred
embodiment, at least one additional drug ingredient can be
present within the sustained release formulation, the imme-
diale release formulation, or both depending upon the
desired effect. When using drig ingredients approved by the
Food and Drug Adminisiration (FDA), the sustained release
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formulation, immediate release formulation, or both may be
formulated to mimic the blood serum profile of the addi-
tional drug as described in the clinical docwments filed with
the FDA or as required by the FDA. In other words, the
sustained and/or immediate release fommlations of the
modified release product may release the at least one addi-
tional drug at 4 similar rale to the commercially available
formulation, thereby providing a therapeutically effective
amount of the additional drug.

The modified release product can be in the form of
bi-layered tablets, capsules having a combination of beads
or granules of immediate release formulation and sustained
release formulation, or a tablet wherein the sustained release
formulation comprises a core that is coated by a Iayer of the
immediate release formulation. For purpose of illustration
only, ihe trvention will be described in detail in the context

-of the bi-layered tablet embodiment.

The immediate release formulation may comprise
guaifenssin and various pharmaceutical additives such as
lubricants, colorants, binders, glidanis, surface active agents,
preservatives, stabilizers, as described above and/or any
other pharmaceutical additives known to those of skill in the
art. [n one embodiment, the immediate release layer com-
priscs at least one drug ingredient. In another embodiment,
the immediate release layer comprises at least two drug
ingredients. In a more preferred embodiment, an immediate
release formulation comprises puaifenesin, microcrystalline
cellulose, sodium starch glycolate, and magnesium stearate.
In another more preferred embodiment, an immediate
release formulation comprises guaifenesin, at least one drug
ingredient, microcrystalline cellulose, hydroxypropyl
methylcellulose, sodinm starch glycolate, and magnesivm
stearate. In yet another preferred embodiment, an immediate -
release formulation may comprise aboul 47% to about 58%
guaifenesin, about 32% to about 42% microcrystalline
cellulose, about 3% to about 8% sodium starch glycolate,
and about (.3% to aboul 0.5% magnesium stearafe by
weight. In yet another preferred embadiment, an immediate
release formulation may comprise about 47% to aboul 58%
guaifenesin, about 3% 1o about 5% of at least one additional
drug ingredient, about 32% to about 42% enicracrystalline
cellulose, about 2% to about 5% hydroxypropyl
methylcellulose, about 3% to about 8% sodium starch
glycolate, and about 0.3% to about 0.5% magnesium stear-
ate by weight.

The bi-layer tablet may be manufactured according to any
method known 1o those of skilt in the art. The resulting tablet
may comprise the two portions compressed againsl one
another so thal the face of each portion is exposed as either
the top or bottom of the tablet, or the resulling tablet may
comprise the sustained release portion in the center coated
by the immediate release portion so that only the immediate
release portion is exposcd. In a preferred embodiment, a
bi-layer tablet of the present invention comprises the two
portions compressed against one another so thal the face of
each portion is exposed.

‘In a preferred method of manufacturing the bi-layer
tablets of the present invention a sustained release formu-
lation is prepared according to either a wet granulation or
dry granulation method as described above. The immediate
release formulation may be prepared by simply blending the
guaifenesin with any pharmaceutical additives. If at Ieast
one additional drug ingredient is present, then water may he
added 1o the formulation, as described above. In a further
preferred embodiment, appropriate quantities of GUAIFEN-
ESIN DC, microcrystalline ceflulose, and sodium starch
glycolate are blended in a 10 cubic foot blender for about
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tweoly minutes. An appropriale quantity of magnesium
stearate is then added to the ingredients and blended for
aboul ten more minutes 1o make an immediate release
formulation. Portions of the sustained release formulation
and immediate release formulation are then compressed by
a tablet compressor machine capable of forming bi-layer
lablets. In one ¢mbodiment, these tablets may further be
coated with a protective film which rapidly disintegrated or
dissolves in gasiric jrices.

The sablets may be made with any ratio of guaifenesin to
al least one additional drug ingredient which results in a
blood profile demonstrating eppropriate therapeutic effect
over extended time periods. As discussed above, the addi-
. tional drug ingredicnt may be present in an amount sefficient
to mimic the blood serum profile of the commercially
available formulation of the drug and not 1o exceed the
maximum dose approved by the FDA for the treatment,
prevention, or amelioration of a particular illness or discase.
In on¢ embodiment, the ratio in the sustained release for-
mulation of guaifenesin to at least onc additional drug
Ingredient is about one point one-to-one (1,1:1) to about
four-to-one {4:1) by weight, preferably, the ratio is about
three-to-two (3:2) to about nine-to-one (9:1) by weight, and
more preferably, the ratio of guaifenesin to at least one
additional drug ingredient is about three-to-one (3:1) to
about 201 by weight. When present in the immediate
release layer, the amount of the at least one additional drug
should.be sufficient to match the drug release profile of the
additional drug within the sustained release profile. Within
this embodiment, the ratio in the immediatc release formu-
lation ‘of guaifenesin to at Ieast one additional drug
ingredient, if present, is about four-lo-one (4:1) to about
one-to-one (1:1), preferably, the ratio is about nine-to-one
(%:1) to about three-to-two (3:2), and more preferably, 1he
ratio of guaifencsin to at least one additional drug ingredient
is about nine-to-one (9:1) to about (12:1) by weight.

The tablets may be made with any ratio of sustained
release Lo immediate release formulation which results in a
blood profile demonstrating appropriate therapeutic effect
over extended time periods. In one ¢embodiment, the bi-layer
tablets comprise guaifenesin distributed within the sustained
release formulation and the immediate release formulation
wherein the ratio of guaifcoesin is about one-to-one (1:1) o
about 49:1 by weight, preferably the ratio is about threg-to-
two (3:2) to about 19:1, and more preferably, the ratio of
guaifenesin distributed within the sustained release formu-
lation and the immediate release formulation is about five-
lo-one (5:1) to about nine-to-one {9:1) by weight, respec-
tively. For example, in a 1200 mg bi-layer modified release
guaifenesin tablet of the present javention, there may be
about 200 mg of guaifenesin in the immediate release Tayer
and about 1000 mg of guaifenesin in the sustained release
layer,

The tablets may be made with at least one additional drug
only within the sustained release formulation. Optionaily,
however, the tablets may be made with at least one addi-
tional drug distributed within the sustained release formu-
lation and the immediate release formulation. In one
embodiment, the bi-layer tablets comprise a additional drug
ingredient distributed within the sustained release formula-
tion and immediate release formulation wherein the ratio of
additional drug ingredient is about one-to-one (1:1) to about
19:1 by weight, preferably the ratio is about three-lo-two
(3:2) to-about nine-to-one (9:1), and more preferably the
ratio of additional drug ingredicnt distribricd within the
sustained release formulation and the immediate release
formulation is about three-to-one (3:1) to about four-le-one
(4:1) by weight, respectively,
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Inone preferred embodiment of manufacturing a 1200 mg
bi-layer sestained release guaifenesin tablet, about 105 kg of
GUAIFENESIN DC, about 2.5 kg of METHOCEL E10M,
about 1.25 kg of CARBOPOL 974F, and aboul 0.333 kg of
Emerald Green Lake or FD&C BLUE #1 in a 10 cubic foot
PK. blender for about twenty mioutes. About 0.6 kg of
magnesium stearate may then be added and blending con-
tinwed for about another ten minutes to prepare the sustained
release formulation, Approximately 21 kg of GUAIFEN-
ESIN DC, approximately 11.75 kg of microcrystalline
celiulose, and approximately 3 kg of sodium starch glycolate
may be blended in a 3 cubic foot PE, blender for about
twenty minvtes. Approximately 0.1 kg of magnesium stear-
ate may then be added and blending continved for about
another ten minutes to prepare the immediate release for-
mulation. The two formulations may then be compressed to
make bi-layer 1ablets wherein zbout 75% of each tablet may
be sustained release formulation and abowt 25% if each
tablet may be immediate release formulation, The tablels
may be any dosage strength, size, or shape. In a preferred
embodiment, 1200 mg tablets are round and about % inch in
diameter, about 0.28 inch-0.31 inch in thickness, weigh
about'1.46 grams and have a hardness range of about 15-40
SCU. In another preferred embodiment, 600 mg tablets are
rovnd and about ¥ inch in diameter, about 0.218 inch—0.230
inch in thickness, weigh about 0,729 grams and have a
hardness range of about 12-30 SCU. o

In another preferred embodiment of manufacturing a 1200
mg bi-layer sustained release guaifenesin tablet, about 101
kg of GUAIFENESIN IC, about 4.5 kg of at least one
additional drug ingredient such as dextromethorphan, about
5 kg of METHOCEL E10M, about 1.5 kg of CARBOPOL,
974D, and about 0.04 kg of FD&C BLUE #1 are blended in
a 10 cubic foot Day mixer for about twelve minutes.
Thereafter, about 29 kg of water is added and the mixiure is
blended for an additional 10 minutes, followed by drying,

- About 1 kg of magnesivm stearate may theo be added and

blending continued for about another ten minutes to prepare
the sustrined release formulation. About 45.6 kg of
GUAIFENESIN, about 3.6 kg of at least one additional dnug
ingredient such as dextromethorphan, about 40.32 kg of
microcrystalline cellvlose, and approximately 3 kg of
sodiem starch glycolate are blended in a 3 cubic foot Day
mixcr for about 12 minutes. Thercafter, about 36 kg of water
15 added and the mixture is blended for an additional 10
minutes, followed by drying. About 0.48 kg of magnesivm
stearate may thea be added and blending continued for about
another ten minttes to prepare the immediate release for-
mulation. The two formulations may then be compressed to
make bi-layer tablets wherein about 75% of each tablet may
be sustained release formulation and about 25% if each
tablet may be immediate release formulation. The tablets
may be any dosage strength, size, or shape. In a preferred
cmbodiment, 1200 mg tablets are round and about % inch in
diameter, abowt 0.31 inch—0.34 inch in thickness, weigh
about 15.3 grams and have a hardness range of about 15-35
SCU. In another preferred embodiment, 600 mg tablets are
round and about ¥ inch in diameter, about 0.22 inch-0.26
inch in thickness, weigh about 7.65 grams and have a
hardness range of about 15-65 SCU.

The immediate release portion of the "bi-layer tablet is
formulated to dissolve in aqueous media of fow pH, such as
that found in the stomach, to quickly release the guaifenesin
contained within the portion. This results in rapid bioavail-
ability of a high concentration of guaifenesin. As demon-
strated 0 Example 6 and FIGS. 9 and 10 below, the
immediate relcase portion of the bi-layer tablet resylts in a
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maximom serum concentration (C,,..) and time of maxi-
mum serum concentration (T,,..) equivalent to the C, .
obtained when the first of three doses of a standard imme-
diate release formulation having one third the amount of
guaifenesin is dosed every four hours over a 12 hour period.

The sustained release portion gels when exposed 10 media
of low pH allowing the sustained release portion of the tablet
lo be passed into the intestinal tract. In the intestines, the
gelled sustained release portion is exposed 1o mediz of a
higher pH, causing the gel to slowly dissolve, thereby
allowing guaifenesin 1o diffuse and dissolve out of the gelled
matrix. This resvlts in coatrolled bioavailability over an
extended hme period (i.c. twelve or more hours) causing the
tablet to provide extended therapeutic effect. This result is
evidenced in Example 6 and FIGS. 9 and 10 below—the
half-life of the modified release bi-layer tablet is increased
to more than 3 hours and the tablet has an AUC,,, (the area
under a plasma concentration versus time curve from time 0
to infinity) of greater than 8000 hr*ng/mL. As demonstrated
in Example 7 and FIG. 11, the bi-layer tablets of the present
invention had a further surprising result in that a 600 mg
tablet had a T,,,,., equivalent 1o that of a 1200 mg and 2 C,,,
and AUC, . approximately half of a 1200 mg tabiet. Thus,
without adjusting or changing the composition of the sus-
tained release formulation or bi-layer tablet, a lower dosage
strength guaifenesin tablet of the present invention exhibits
plasma concentration profile that is approximately directly
proportional to that of a higher dosage strength gnaifencsin
tablet also of the present invention. As further demonstraled
in Example 7 and FIG. 11, the bi-layer tablets of the present
nvention had another surprising result in that the C,;_ and
AUC;, of a 1200 mg tablet administered to volunteers who
bad been fasting and the C,_,. and AUC,,, of a 1200 mg
tablet administered 1o volunteers who had consumed a high
fat meal were approximately equivalent. Thus, a bi-layer
tablet of the present invention demonstrates a reduced food

- effect, being approximately equally effective when admin-
istered to a patient on an empty or full stomach.

Three balches of the 1200 mg guaifenesin—60 mg dex-
tromethorphan HBr formulation of Example 8 were dis-
solved to determine the amount of dextromethorphan HBr
released over time. Generally, the formulations had 1200 mg
of guaifenesin and 60 mg dextromethorphan HBr and were
studied over a 12 hour period. The released amount of
dextromethorphan HBr was determined as a weight percent
of dissolved dextromethorphan in contrast 1o the total weight
of dextromethorphan prior to dissolution. After 1 hour ghout
46% 1o 47% of the dextramethorphan had dissolved, After
2 hours the about 59% to 60% had dissolved, after 6 hours
73% to 76% had dissolved, and after 12 hours about 86% 1o
89% by weight of the dextromethorphan had dissolved.
Thus, the formulations of the invention reproducibly release
dextromethorphan over time. See FIG. 12.

A reference sustained release formulation of guaifenesin
was compared 1o two formulations of the present invention,
Formulations B and C of FIG. 13, exhibited graifenesin
release profiles similar to the reference formulation. The
reference formmlation for FIG. 13 was formulation IV of
Example 5. Formulation B comprised 77% guiafenesin by
weight, 3.8% by weight dextromethorphan, 9.1% by weight
microcrystalline cellulose, 1.9% by weight METHOCEL
E10M, and 0.9% CARBOPOL® 974P. Formulation C com-
prised 76.5% by weight guaifenesin, 3.8% by weight
dextromethorphan, 9.7% by weight microcrystalline
cellulose, 1.9% by weight METHOCEL E10M, and 0.9% by
weight CARBOPOL® 974P. Formulations B and C exhib-
ited similar behavior and had & guaifenesin release profile
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similar to the reference formulation, Accordingly, the com-
bination formulations of the invention did not interfere with
the release of guiafenesin. In particular, after 12 hours
Formulation C released a greater dose of guiafenesin than
the reference formmiation.

Formulations B and C of FIG. 13 were compared against
a reference consisting of an extended release formulation of
dextromethorphan commercially available under the name
Delsym sold by Celltech Medica. The comparison was
carried out to determine the behavior of guaifenesin-
dexiromethorphan formulations of the invention as com-
pared to separately administered combination formulations
of dextromethorphan. Formulations B and C had longer
dextromethorphan release profiles than the refercnce, as
shown in FIG. 14. Additionally, the combined formulations
of the prescnt inventions had no detrimental effect upon the
release profile of dextrometharphan,

Another method to monitor dextromethorphan plasma
concenirations is to measure the plasma concentration of the
metabolite dextrorphan. The plasma concentration of dex-
trorphan metabolite of the reference formulation and For-
mulations B and C of FIG. 14 were plotted in FIG. 15.
Generally, the formulations exhibited similar dextrorphan
concentrations, with Formula C exhibiting the highest dex-
trorphan concentration after 12 hours. FIG. 15 demonstrates
that the formulations of the present invention containing
guaifenesin do not iphibit the release of dextromethorphan,
as determined by measuring the presence of the metabolite
dextrorphan. )

Three batches of the 1200 mg guaifenesin—120 mg pseu-
doephedrine HC! formulation of Example 10 were dissolved
to determine the amount of pseudoephedrine HCI released
over time. Generally, the formulations had 1200 mg of
guaifenesin and 120 mg psewdoephedrine HCl and were
studied over a 12 hour pericd. The released amount of
psevdoephedrine HCI was determined as a weight percent of
dissolved pscudoephedrine HC1 in contrast to the total
weight of pseudoephedrine HCI prior io dissolution. After 1
hour abouwt 43% to 45% of the pseudoephedrine HCI had
dissolved. After 2 hours the about 58% to 60% dissolved,
after 6 hours 82% to 83% had dissolved, and afier 12 hours
about 96% to 97% by weight of the pseudoephedrine HC1
had dissolved. See FIG. 16.

Three formulations of guiafenesin, two also containing an
additional ingredient, pseudoephedrine, were compared 1o
determiBe whether an additional ingredient affects the
release profile of guiafemesin. In FIG. 17, the refercoce
formmiation included formulation 1V of Example 5 and a
separate Sudafed® 12 hour formulation available from
Pfizer Inc. 201 Tabor Road, Morris Plains, N.J., 07950, The
reference formulation was compared to Formulation B and
Formulation C of the present invention. Formulation B
comprised a sustained release formulation having 86% by
weight guaifenesin DC, 9.8% by weight psendoephedrine
HCL, 2.4% by weight hydroxypropyl methylcellulose, and
1.2% by weight CARBOPOL® 974P and an immediate
release formulation having 52% by weight guiafenesin DC
and 39% by weight microcrystalline cellulose hy weight.
Formulation C comprised 77% by weight guaifenesin DC,
7.7% by weight pscudoephedrine, 9% by weight MICIOCTySs-
talline cellulose, 1.8% by weight METHOCEL E10M, and
0.9% by weight CARBOPOL® 974P. Formulations B and C
exhibited similar behavior to separately administered
formulations, thus demonstrating that formulations of the
prescat invention did not interfere with the profile release of
pseudoephedrine.

The plasma concentration for pseudoephedrine HCl was
studicd to determine whether the formulations of the present
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invention interfered with the release profile of pseudoephc-
drine. The psendoephedrine plasma concentrations for the
formutations of FIG. 17 were plotied over a 24 hour period.
As illustrated in FIG. 18, Formulations B and C of FIG. 17
exhibited higher pseudoephedrine concentrations than the
reference formulation, Thus, the combined formulations of
the present mvention release pseudoephedrine in compa-
rable or better refease profiles than formulations containing
pseudoephedrine alone,

EXAMPLES

The invention is further defined by reference to the
following examples deseribing in detail the preparation of
the composition and methods of the present invention, as
well as their tility, It will be apparent to those skilled in the
art that many modifications, both 20 materials and methods,
may be practiced without departing from the purpose and
interest of this invention.

Example 1

A batch of sustained release guaifenesin tablets, Lot#
7LB-31FC, with the following composition was prepared:

Componenis Weight por Tablet
GUAIFENESIN BC 1260 mg
METHOCEL E10M 30 mg

Emerald Greeo lake 4
Magnesium Stearate 6.8
Opadry Y-5-3-7413 1301

mg
me
mg

Another batch of sustained release guaifenesin tablets,
Lot# TLB-32FC, with the following composition was pre-
pared:

Compoacnts Weight per Tablet
GUAIFENESIN DC 1260 mg
METIHIOCEL E10M 30 mg
CARBOPOL 974P 15 mg
Emerald Green Lake 4 mg
Magnesiom Stearate 6.8 mg
Cpadry Y-5-3-7413 13.16 mg

Six tablets from Lot 7LB-31FC and six tablets from Lot
7LB-3ZFC were tesled for in vitro guaifenesin release nsing
an Acid/Base disselution (slightly modified USP 23/NF 18
<711> Drug Release vsing Apparatus 2), Six dissolution
vessels of a USP calibrated Hanson dissolution bath,
equipped with shafts and paddles, were filled with 675 mt of
0.IN hydrochorlic acid at 37.0° C. The bath and vesscls
were maintained atl a temperature of 37.0+0.5° C. through-
out the 12 hr. dissojution test. The paddles were set 1o rotate
at 50 RPM and slowly lowered into the vessels. One tablet
of lot 7I.LB-31 was then dropped into each vessel.

Al the one hour and two hour intervals of testing, S ml
samples of dissolution sclution were withdrawn from each
vessel and filtered through a 10 micron polyethylene filter
inlo glass HPLC vials. Immediziely afler the two hour
samples were withdrawn, 225 ml of 0.2M sodivm phosphate
tribasic was added to each vessel 10 increase the solution pH
1o abowt 6.8. The dissolution was run for ten more hours, 2.0
m} samples being withdrawn from each vessel at the 4 hr.,
8 hr,, 10 hr, and 12 br. intervals. The filtered samples from

5

10

25

30

35

40

45

58

55

60

68

18

each sampling interval were then rum onm an HPLC 1o
determine percent guaifenesin released from each. tablet at
cach of the sampling intervals.

The same dissolution testing procedure was performed for
lot 7L.B-32 FC. The lols gave dissolution profiles shown
below and depicted in FIG. 4.

Lot 7LB-31
Vesszl # 1 HR 2 HR 4 HR 4HR 10 HR 12 HR
1 26 38 55 77 B4 88
2 27 39 54 75 81 86
3 22 37 50 73 78 45
4 23 33 47 64 73 79
5 25 36 52 75 81 86
6 24 35 49 74 81 87
Average 4.5 36.3 51.2 738 79.7 85.2
Lot 7LB-32FC
Messel# 1 HR 2HR  d4HR §HR 10HR 12HR
1 25 35 42 54 59 64.0
2 24 3s 42 55 61 66
3 26 38 a5 59 65 69
4 24 a5 4 54 60 65
5 24 36 43 54 59 64
[ 23 34 38 50 55 59
Average 24.3 357 42.0 54.3 59.8 54.5

Both form!lations demonstrated susiaiged release of
guaifenesin over a 12 howr period. Lat 7LB-32FC demon-
strated identical release properties to Lot 7LB-31FC in 6.1N
HC}. In buffered solution, however, Lot FLB-32FC, the ot
comprising a 2:1 ratio of METHOCEL E10M to CAR-
BOPOL 974P, demonstrated a statistically slower release
than Lot 7LB-31FC, comprising METHOCEL E10M and no
CARBOPOL 974F. A slower release rate in vitro translates
to a slower, more controlled release with longer drug action
fn vivo-—a favorable characteristic for pharmaceutical prod-
ucts contaiting a high concentration of an active ingredient
with a short half-life,

Example 2

A dissolution study was run 1o compare dissolution pro-
files of lots 7LB-32FC and 7LB-31FC with corrently avail-
able guaifenesin dosage forms. One immediate release
1ablet, ORGANIDIN NR, and two sustained release tablets,
HUMIBID L.A. and DURATUSS, were subjected to the
same dissolution study as described for lots 7LB0O31FC and
7LB-32FC in Example 1 ahove. The following is a summary
of the results which are also depicted in FIG. 5.

ORGANIDIN NR HUMIBID L.A. DURATUSS
% guaifenesin % guailenesin % puaifencsin
relessed released retessed

1 Hr 100 36 24
2 Hr 103 51 35
4 HR 104 72 47
& HR 103 9 75
10 HR 103 B4 84
12 HR Tans 100 %2

The immediate release ORGANIDIN released 100% of
guaifenesin content within the first hour of dissolution. The
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two sustained release dosage forms which are cumently
available both demonstrated a slower release of guaifenesin.
However, both the HUMIBID LA and DURATUSS released
guaifenesin more rapidly than either Lot 7LB-31FC or
7LB-32FC. Both HUMIBID LA and DURATUSS would,
therefore, exhibit a faster rate of release and thus a shorier
lived therapeutic effect in vivo.

Example 3

The in vivo behavier of sustained release tablets of Lot
7LB-31FC and Lot 7LB-32FC from Exampie 1 were com-
pared to the in vivo behavior of an immediate release
formulation (ORGANIDIN NR). The open-label study
invelved 9 bealthy volunteers averaging 38+11.01 years of

20
hours for the 7LB-31 FC compared to 0.8 hours for the
immediate release formulation, ORGANIDIN NR.

Both formulations 7LB-32FC (with both METHOCEL
E10M and CARBOPOL 974P) and 7LB-31FC (with
METHOCEL E10M only) centrol the relezse of guaifenesin
from the tablet compared to the immediate release
ORGANIDIN NR. Formulaticn 7LB-32FC, the formulation
containing a 6:1 ratio of METHOCEL E10M 1o CAR-
BOPOL 974P, had the longesi half life at 5.77 hours with the
largest AUC, - between the two sustained release formula-
ticn. However, both sustained release formulation has a
Coe that was less than half of the C,,,, of the immediate
release ORGANIDIN NR.

mulaticns demonstrated sustained release in that their half-
lives were longer, 5.77 hours for the 7LB-32FC apd 3.5%¢

. . 15
age with a range of 23 years 1o 55 years of age. The subjecis
weighed 175.56+24.22 Tbs. with a range of 143 to 210 lbs.
One subject was female and the remainder were male. Each Example 4
subject received cither one 1200 mg dose of one of the two
above described sustained release tablets or 400 mg every 20
four hours for 3 doses of the immediate release formulation. Three different modified release tablet lots were prepared
Blood samples (7 ml with sodium heparin as  With the following compositions:
amticoagulant) were taken prior to dosing and at specific .
intervals up to 12 hours after dosing. All blood samples were Sustained Release Formulation 1, Non-layered Tablet
chilled and centrifuged within 30 minutes of being drawn, 25
The plasma was separaled, transferred 10 2 polypropylenc
tube, frozen at —=20° C. or below and stored frozenm umtil -
being shipped for guaifencsin analysis. Compenents Weight per Tablel
The plasma samples were analyzed by a folly validated GUAIFENESIN DC 1260 mg
HPLC method. The resulis are depicted in FIG. 6. This 3g METHOCEL E10M 40 mg
resulting plasma concentration v. lime data was subjected to gﬁfﬁﬂg ;?‘7:;“ 23 E:
pharma(fokiuelic analysis using non-comparimental analys_is Magnesiam Stearate 68 mg
with Wingoplin 1.5. The resulis of the pharmacokinetic
paramelers analysis are below.
Tox  Cane  AUCoy  Tip  AUC,
Subject Formulation (hz) (eg/ml)  (hr*ngfmi) (s (ho*npfml)
1 7LB-31FC 2.00 827.02  4217.20 4.64 6339.25
2 TLE-31FC 150 83465  4695.89 271 529171
3 TLB-31FC 150 80244 414214 344 472833
4 TLE-32FC 075 62548 3034.31 578 513435
5 7.B-32FC 100 105200 587146 599 829833
& 7.B-32FC 200 137200 792435 553 9557.78
7 ORGANIDIN NR 050 214000 (921,94 086 7009.58
8 ORGANIDIN NR 425 181700 6598.26 073 §574.65
9 ORGANIDIN NR D50  2831.00  9389,76 081 9570.91
Mean FLB-31FC 167 82137 455174 358  5453.10
© Mean TLB-32FC 125 101649 561037 577 7663.49
Mean ORGANIDIN NR 175 3262.67  7$36.65 0.80 775174
Ratio (%) 7LB-31FC/IR 95.24 35.30 56.60 44827 70.35
Ratio (%) 7LB-32FC/R 71.43 44.92 7347 T892 SR.86
Subjects given the 1200 mg formulation 7LB-32FC Sustained Release Formulation 11, Bi-layered, 400 mg IR
‘reached maximum plasma guaifenesin concentrations of 55 and %00 mg SR
1016 ng/mL in 1.25 hours and had an AUC,,, of 7663 IR Formlation
br*ng/ml. The subjecis given formulation 7LB-31FC
reached maximum plasma guaifenesin concentrations of 821
og/ml in 1.67 hours and had an AUC,,,of 5453 hr*ng/ml. -
The subjects given the immediate release fermulation, so Components Weight per Tablel
ORGANII?IN NR, reached maximum plasma guaifer!esin GUAIFENESIN DC 421 mg
concenlrations of 2263 ng/m! in 1.75 hours (2 subjects Microcrysialline Cellulose 40 mg
peaked at 0.5 hours after the first dose and the third peaked (AVICEL)
al 0.25 hours after the second dose at 4 hours) and had an Sodivm Starch Glyealnte 60 mg
*ng/ml. Th trolled release for- i
AUC,,; of 7752 hr*ng/ml. The two controlled release for- &s Mbgnesium Stearsle 2mg
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SR Formulation
. Tmlx me AUCB—IE T'U'Z AUCinf
Componeats Weight per Tablet 5 Formulalion (he) (ng/ml) (hreeg/ml} (hrs) (hr*ng/ml)
GUAIFENESIN DC 842 mg Mean ORGAMNIDIN NR 090 2609.40 8768.40 128 5082.78
METHOCEL F10M 27 mg Mean SR I 230 1631.40 5549.30 288  6044.93
CARBOGPOL, 574p 13.5 mg Mean SR IT 230 241540 7304.38 148 7509.78
Emerald Green Loke 3 mg Menn SR HI 195 293800 890462 205  9161.03
Magnesivm Stearate 45 mg 10
Sustained Formulations Il and 111 exhibited a C, 1ox MOTC-
. . comparable to the immediate release formulation and an
Sustained Release Formulation I1l, Bi-layered, 600 mg IR increased AUC,  from that of the non-layered Sustained
and 600 mg SR Formulation 1. However, the half-lives of both Sustained
. 15 Formulation IT and 111 were reduced from the haif-life of
IR Formulation Sustained Formulation I. Although these bi-layer tablets
showed an improved serum concentration of guaifenesin and
an iocreased averall conceniration with time, their half-life
was compromised.
Components Weighl per Tublet
20 Example 5.
GUALFENESIN DC 630.8 mg . ] . .
Microcrystaliine Cellulose 353 mg A dissolution study was run to compare dissolution pro-
[AVICEL) files of Formulation ¥, Formulation II and Formulation 111
(SE';‘;;‘I'?O%;';;’ Glycolate #0.1 mg prepared as defined in Example 4 above, and Formulalion
Magnesium Sieasate 3 mg . IV, 2 bi-layer tablet lot with 200 mg IR and 1000 mg SR
prepared with the following compositicn:
IR Formulation
SR Formulation
30 o .
omponedls Weight per Tablet
Componenls Weight per Tablel GUAIFENESIN DX 211 mg
Microcrysialling Celluloss 118 mg
GUAIFENESIN DC 630.8 mg (AVICEL)
METHOCEL £10M 40 mg Sadium Starch Glycolate 30 mg
CARBOPOL 974P 20 mg 35 (EXPLOTAEB)
Bmerald Green Lake 4 mg Magnesium Stearale I mg
Magnesium Stearale 6.8 mg
SR Formulation
The in vivo behavior of each of the ihiree sustained release ag
tablets and an immediate release formulation (OR GANIDIN
NR) were compared. The open-label study Involved 15 Componenls Weight per Tablel
bealthy volunteers averaging 31.67+11.82 years of age with GUAIFENESTN DC 1053 mg
a range of 20 years to 31 years of age. The subjecis weighed METHOCEL E10M 25 mg
: : 45 CARBOPOL 874 12.5 mg
162'.00125.05 Ibs.'“'ulh 3 range of 123 19 212 ?bs. All 15 Emerald Groen 1ake 33 mg
subjecis were adminisiered 400 mg of the immediate release Mngnesium Stearate 57 mg
formulation every 4 hours for a total of 12 hours in on one
dfi)". On apother day, 5 suchcls_. were admmlstc'rc_d Sus!al‘ncd The following is a summary of the results which are also
Formulation I, znother 5 subjects were administered Sus- sa depicted in FIG. 8
tained Formulation 11, and yet another 5 subjects were
administered Sustained Formulation II1.
Blood samples (7 ml with sodium heparin as Formulation  Formulation  Formulation  Formulation
anticoagulant) were taken prior to dosing and at specific [ I 1 v
: : 33 % released % released % released % released
intervals up to 12 hours after dosing. All blaod samples were
chilled and centrifuged within 30 minutes of being drawn, 10 22 45 38 2%
The plasma was separated, transferred to a polypropylene 2he 34 54 46 8
tube, frozen at -20° C. or below and stored frozen until g:: ;g f’,g gg ;g
being shipped for guaifenesin analysis. 60 Bhr 58 73 66 &0
- 10 hy 82 78 k0 66
The plasma samples were analyzed by a fully validated 121 66 81 75 71
HPLC methed. The results are depicted in FIG. 7. This
resulling plasma concentration v. time data was subjected to Formulation 1, the non bi-layered tablet, demonstrated the
pharmacokinetic analysis vsing non-companmental analysis &5 slowest release of guaifenesin. Formulation IT and Formu-

with. Winnonlin 1.5. The results of the pharmacokinetic
parameters analysis are below.

lation Il had the fastest rates of release and would,
therefore, exhibit a faster rate of release and 1hus a shorter
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lived therapeutic effect in vivo. Formulation IV has a rate of
release which was faster than Formulation I, comprising oo
immediale release blend, but slower than Formulation 11 and
Formulation 111, both comprising more immediate release
blend than Formulation IV,

Example 6

The in vivo behavior of Formulation IV bi-layered tablets,
prepared as described above in Example 5, was compared to
an immediate release formulation (ORGANIDIN NR). The
open-label, muliiple dose, randomized, 2-way crossover
study involved 26 healihy volunteers averaging 31.31£9.81
years of age with a range of 19 years to 50 years of age. The
subjects weighed 166.77+£29.83 lbs. The subjecls were
placed inlo one of two treatment groups. Group 1 received
Formulation 1V tablet with 240 ml of water afler an over-
night fast every 12 hours for 5 days and a single dose on day
6. Group 2 received 400 mg of ORGANIDIN NR (2x200
my, tablets) with 240 m] of water every 4 hours for 5 days
and one 400 mg dose every four hours for a total of 3 doses
on day 6.

Blood samples (5 ml with sodium heparin as
anticoagulant) were Laken prior to dosing on days 1, 4, 5, and

US 6,955,821 B2
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6. On Day 1, additional bleod samples (5 ml with sodium -

heparin as anticoagulant) were also obtained at 0.5, 0.75, 1,
15,2,3,4,45,475,5,55,6,7,8,85,8.75,9,935, 10, 11,
and 12 hours afier the initial dose, On Day 6, additional
blood samples (S ml with sodium heparin as anticoagulant)
were also obtained at 0.5, 0.75, 1, 1.5, 2, 3, 4, 4.5, 4.75, 5,
55,6,7,8,85,8.75,9,9.5,10, 11, 12, 14, 16, and 24 hours
afier the initial dose. Plasma was separated and the plasma
frozen unti] analyzed for guaifenesin content. The resulting
plasma concentration data was subjected 1o pharmacokinetic
and statistical analysis in order to determine if the sustained
release fablets performed as coptrolled relcase tablets at
steady state,

The results of the pharmacokinetic parameters analysis
are below.
Averaged Testing—11 Twelve-Hour Intervails

Tm-x Cmax AUOJQ T!IZ AUCI'nI
Formulation (hr)  (ng/mD) (he*ngimD) (hss) Chrtngiml)
Mcan ORGANIDIN NR  1.69 246320 838193 0,78 8528.51
Mean Bi-layered Tablet  1.05 211138 787568 3.3 2686.08
The results of the testing are depicted in FIG. 9.
Steady State Testing
Tmax Conax AUCCH : Tip AUc:ini
Formulation (b} (ng/ml) (hr*ngiml) (hrs) (he*ngfmi)
Mean OQRGANIDIN NR  2.03 227820 775123 088 796214
Mean Bi-layered Tublet  0.86 234506 820247  3.61 9259.24

The results of the testing are depicted fn FIG. 10.

The 200/1000 mg bi-layered tablet exhibited a C,.. and
a AUC, - equivalenl lo that of the immediate release blend,
a short T_ . and an extended half-life. Thus, a bi-layered
tablet with 200 mg guaifenesin in the immediate release
formulation and 1000 mg of guaifenesin in the sustained
release formulation results in a tablet which delivers a high
serwm concentration in a short period of time, yet maintains
an effective concentration of guaifenesin in the blood stream
for a full twelve hours.
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Example 7

A stody was performed 1o examine the relative bioavail-
ability of two different dosage strengths of modified release
guaifenesin formutations of the present invention as well as
the effect of food on the relative bioavailability of a guaifen-
esin formulation of the present invention in normal, hcalthy
male and/or female volunteets. Two batches of guaifenesin
bi-layer tablets, one 600 mg and one 1200 mg, were pre-
pared according to the followiag composition.

600 mg Tablet
IR Formulation

Componeats Weight per 200,000 Tablets
GUAIFENESIN DC 21.05 kg
Micracrystalling Ceflulose 11.75 kg
[AVICEL PH102)

Sodium Starch Glyeolate 3.00 kg
{EXPLOTAB)

Magnesivm Stearate .10 kg

SR Formulation

Components Wweight per 200,000 Tablets
GUAIFENESIN DC 105.27 kg
Hydroxypropyl Methyl 2.50 kg
Cellulose (METHOQCEL

E10M)

Carbomer {CARBOPCL 1.25 kg
974P)

FD&C Blue #1 Aluminum 0.33 kg

Lake Dye

Magnesium Stearate 0.57 kg

1200 mg Tablet
IR Formulation

Components weighl per 100,000 Tablet
GUAIFENESIN DC 21.05 kg
Micracrystaliing Callulose 11.75 kg
(AVICEL PH102)

Sadiom Starch Glycolate 3.00 kg
(EXPLOTAEB)

Magnesium Stearate 0.10 kg

SR Formulation

Companents Weight per 100,000 Tablets

GUAIFENESIN DC 10527 kg
Hydroxypropyl Methyl 2.50 kg
Cellulose (METIIOCEL

E10M) '

Carbomer (CARBOPOL 125 kg
974P)

FD&C Blue #1 Aluminum 0.33 kg
Lake Dyc -

Magnesiim Stearate 0.57 ke

Note: the 600 mg and 1200 mg tablets were similarly
prepared, the orly difference between the dosage forms
being that the 1200 mg 1ablet contained about twice as much
of each ingredient as the 600 mg tablet.
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The in vivo behaviors of a 600 mg tablet administered to
volugicess in the fasting state (about 10 hours pre-dose until
about 4 hours after dosing), the 1200 mg table! administered
lo volunicers in the fasting state (about 10 hours pre-dose
uatil about 4 hours after dosing), and the 1200 mg tablet
adminisicred to vohinteers afier a high fat meal {consumed
within 30 minuies of dosing) were compared. The open-
label study involved 27 healthy volunteers betwesn the ages
of 18 and 55. The subjects weighed within 15% of their Ideal
Body Weight as defined by the 1983 Metropolitan [ ife chart.
The 27 volunteers were divided into 3 treatment groups, 9
receiving the 600 mg tablet, 9 receiving the 1200 mg tablet
while fasting, and 9 recciving a 1200 mg (ablet after
consuming a high fat meal for Period 1 of the trial. After
completion of Peried 1, the volunteers were crossed-over {or
Pericd 2 (2.g. so that the 9 volunteers who had been
receiving the 600 mg tabletin Period 1 received the 1200 mg
tablet while fasting in Peried 2). After completion of Period
2, the volunieers were crossed-over again into their 3rd and
final treatment group (i.c. the 9 volunteers who received the
1200 mg tablel while fasting in Period 2 and the 500 mg
tablet while fasting in Period 1 received the 1200 mg lablet
after consumption of a high fat meal in Perod 3). Bach
volunteer ‘was administered one dose of the appropriate
tablet and then monitored over a 16 hour period.

Blood samples (7 ml with sodium heparin as
anticoagulant) were laken about one hour prior to dosing and
at specific intervals up to 16 hours after dosing (at 0.25, 0.5,
0.75,1,1.5,2,3,4,6,8,10,12, 14, and 16 hours). All blood
samples were chilled and centrifuged within 30 minutes of
being drawn. The plasma was separaled, transferred 1o a
polypropylene tube, frozen at —20° C. or below and stored
frozen until being shipped for guaifenesin analysis. The
valunteers were theo given at least a seven day washout
period (where no guaifenesin was administered o them
under the study) prior to being crossed-over to the pext
treatment group,

The plasma samples were analyzed by a fully validated
HPLC method. The results are depicted in FIG. 11. This
resulting plasma concentration v. time data was subjected 1o
pharmacokdoetic analysis using non-compartmental analysis
with Winnonlin 1.5, The results of the pharmacokinetic
paramelers analysis are below.

Tore  Cawx  AUC,,, T,  AUC,,

Farmulation (hry  (ng/ml} (hr=ngiml) (hre.) (hr*ng/ml)
-Mean - 600 mg Fasted 081 107426 3623.03 233  3676.23
Mean 1200 mg Faated 0.94 1948.62 748320 333 101261
Meac 1200 mp Fed 2.18 198808 742420 091 742529

The 600 mg tablet demonsirated a serum profile approxi-
mately directly proporiional io the serum profile of the 1200
mg tablet, The C,_. of the 600 mg tablet was about 55% that
of the 1200 mg tablet. The AUC, ,, of the 600 mg tablet was
‘about 48% thal of the 1200 mg tablel and the AUC,,;rof the
600 mg tablet was about 46% that of the 1200 mg. improved
serum concentration of guaifenesin and an increased overall
concentration with time, their half-life was compromised.

The 1200 mg tablet demonstrated that the bi-layer tablets
of this invention greatly reduce the food effect in binavail-
ability and serum concentration of guaifenesin, The C .z of
the 12(K} mg tablet administered after a high fat mea) (fed
tablet) was about 102% of the C,___ of the 1200 mg tablet
adminisiered after fasting (fasted tablet). The AUC,_,, of the
1200 mg fed tablet was about 99% that of the fasted tzblet
and the AUC, ,of the 1200 mg fed 1ablet was about 94% thal
of the fasted fablet.
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Example 8

Two batches of guaifenesin/dextromethorphan  HBr
bi-layer tablets, one 600 mg and one 1200 mg, were pre-
pared according to the following composition. In the 30 mg
dextromethorphan 1ablet 7.5 mg was within the immediate
release layer and 22.5 mg within the modified release layer,

600 mg Guaifenesin/30 mg Pextromethorphan
Tablet
Sustained Release (SR) Formulation

Companents Weight per 200,000 tablets (kg)
Guaifenesin, USF 101.00
Dextromethozphan HBr 4.50
CARBOPQL 974F, NF 1.50
Microcrystalline Celiulase 5.00
(METHOCEL E10M)

D&C YELLOW 310 0.04

Aluminnm Lake (14-18%)

Magnesium Stearate - 1.00

Immediate Release (1R) Formulation

Compozents Weight per 480,000 tablets (kg)
Guaifenesin, USP 45.60
Dextromethorphan HEr 3.60

Sadium Starch Glycolate, NF 3.60

{Explotab) ‘

Microcrystalline Cellulose 40132

(AVICEL PH102)

METHOCEL E16M, USP 2.40

Magnesium Stearale, NF 0.48

1200 mg Guaifenesin/60 mg Dextromethorphan
HBr Tabiet
SR Layer Formulation

Components Weight per 100,000 tablets (kg)
Guaifenesin 101.00
Dextromethorphan HEBy 4.50
Microerystalline Cellulose 5.00
(METHOCEL E10M)

CARBOPOL 9748, NF 1.50

FE&C Blug Ne. 1 Aluminum 0.04

Lake (11-13%)

Magnesium Stearate 10

IR Layer Formulation

Components Weight per 240,000 tablets (kg}
Guatfenesin 45.60
Dextromethorphan HBy 3.60

Sodium Starch Glycolate, NF 350

(Exploteb)

Microcrystalling Cellulose 40.32

(AVICEL PH102)

METHOCEL E10M, USP 2.40

Magnesism Stearale, NF D.48

The following is a summary of the dextromethorphan HBr
Dissolution Rate of the 1200 mg puaifenesin-60 mg dex
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tromethorphan tablet resulis which are also depicted in FIG.
12.

Fammulation t Formaulation [ Formulation 11

% released % released % released
1l 46 47 47
2hr 59 60 61
6 ar 73 74 T6
2 hr i) 87 89

The in vivo behavior of the 1200 mg guaifencsin and 60
mg tablet was studied by measuring the plasma concentra-
tion of puaifenesin, dextromethorphan HBr, and the metabo-
lite dextrorphan. FIGS. 1315 illustrate the plasma concen-
tration for each drug or metabolite in two formulaticns,
Formulation B and Fermulation C, during a 24 hour period.
Immediately afier administration the plasma concentration
of guaifenesin peaks in about an hour, followed by a gradual
plasma concentration decrease over 24 hours, Immediately
after administration, guaifenesin plasma concentration never
decreased (o less than 200 ng/ml over 12 hours. Thereafter,
guaifenesin plasma concentration gradually decreased over
the next 12 hours. Plasma concentration of dextromethor-
phan HEr peaks at about 6 hours at about 12 ng/ml and the
concentralion is maintained for the following 19 hours.

Example 9

A study was performed to examine the relative bioavail
ability of a sustained release guaifenesin with dextrometho-
rphan formulation of the present invention with normal,
hiealthy male and/or female volunteers. A batch of guaifen-
esin and dextromethorphan bi-layer tablet, 1200 mg, was
prepared according to the composition described above for
Example 8.

The in vivo behaviers of the 1200 mg lablet administered
to volunteers in the fasting state’ (about 10 hours pre-dose
until about 4 hours afier dosing) was determined. The
open-label study involved 29 healthy volunteers between the
ages of 18 and 55. The subjects weighed within 15% of their
Hdeal Body Weight as defined by the 1083 Metropolitan Life
chart. The 29 volunteers were divided into two treatment
groups half receiving the 1200 mg tablet while fasting for
Period 1 of the trial. Each volinteer was administered one
dose of the appropriate tablet and then monitored over a 16
bour period.

Bloed samples (7 m! with sodium heparin as
anticoagulant) were taken about one hour prior to dosing and
at specific intervals up to 16 hours after dosing (at 0.25, 0.5,
0.75,1,1.5,2,3,4,6,8,10,12, 14, and 16 hours). All hloed
sawples were chilled and centrifuged within 30 minutes of
being drawn, The plasma was separated, transferred to a
polypropylene tube, frozen at -20° C. or below and stored
frozen until being shipped for guaifenesin and dextrometho-
rphan analysis.

The plasma samples were analyzed by a fully validated
HPLC methed by PPD Development (3230 Deming Way
Suite 190, Middleton, Wis. 53562). The resulting plasma
concentration v. lime data was subjected to pharmacokigetic
analysis wsing non-compartmental analysis with Winnontin
1.5. The results of the pharmacokinetic parameters analysis
for guiafenesin include a T, . of 148 br, C,,_ (ng/ml) of
2196, AUC,_,,(he*ng/ml) of 8702, T, ,, of 1.32 hrs., and an
AUC, (br*ng/ml) of 8732.5. The rcsulls of the pharmaco-

kinetic parameters analysis for dextromethorphan include a -

Toax 0 5.0brs, C, . (pg/ml) of 5157, AUC,_,,(hr* pe/ml) of
74209, T, - of 7.93 hrs., and an AUC, (br*pg/ml) of 75016.
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Example 10

Two batches of guaifenesin-pseudoephedring HCI
bi-layer tablets, one 600 mg and one 1200 mg, wWere pre-
pared according to the following composition.

600 mg Guaifenesin/60 mg Pseudoephedsine HCI
: Tablet

SR Layer Formulation

Components Weight per 300,000 ablets (kg)
Guaifenesin BC (95%) T 157.90
Pxgudoepbedrine HCI 18.0
Hydroxypropyl 4.50
Methyleellulose

{METHOCEL E10M)

CARBOPOI, 974F, NF 2.25

FD&C Yollow No. 6 . 0.24

Aluminum Lake (15-18%)

Mapnesium Stearate 1.50

IR Layer Formulation

Componsnts Weighl per 300,000 sablets (kg)
Guaifenesin DC (95%) 39,476
Microerystalline Celluloss 22.028

(AVICEL PH102)

Sodium Starch (lycolale 5.626

Magnesium Stearate, NF 0.188

1200 mg Guaifenesin/120 mg Pscudoephedrine HCI
Tablet

SR Layer Formulation

Components Weight per 150,000 tablets (kg)
Guaifenesin DC (95%) 157.89
Pseudoephedrine HCL 18.00
Hydroxypropy! Melbylceliulose 4.50
(METHOCEL E10M)

CARBCOPOL 974P, NF 2.2§

FD&C Red No. 40 Aluminum 0.06

Lake (14-16%)

Magnesitm Slearate 1.50

IR Layer Formulation

Components Weight per 150,000 1ablets {kg)
Guailenesiz DC {95%) 39.476
Microcrystaliine Cellulose 22,028

(AVICEL PE102)

Sodium Starch Glycolale 5.626

Magnesium Stearale, NF 0.188

The following is a summary of the pseudoephedrine
Dissolutien Rate of the 1200 mg gusifenesin—60 mg pseu
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doephedrine tablet results which are also depicted in FIG.
16.

Formulation [ Formulation I Forrulation LIl
% released % relensed % released
1hr 45 44 43
2hr 60 59 58
6 hr 29 87 22
12 br o7 98 945

The in vivo behavior of the 1200 mg guaifenesin and 120
mg pseudoephedrine tablet was studied by measuring the
plasma concentration of guaifenesin, and pseudoephedrine
HCL FIGS. 17-18 illustrate the plasma concentration for
cach drug (Formulation B and Formulation C) during a 24
hour period. Immediately afler administration the plasma
concentration of guaifenesin peaks in about an hour, fol-
lowed by a gradval plasma concentration decrease over 24
hours. Immediately afier administration, guaifenesin plasma
concentration never decreased below 200 pg/ml over 12
hours. Thereafter, guaifenesin plasma concentration gradu-
ally decreased over the next 12 hours. Plasma concentration
of pseudoephedrine HCl peaked at about 6 hours and
gradually decreased over the next 18 hours. The plasma
concentration of psendoephedrine HC] never decreased 1o
less than 50 ng/ml after 30 minutes of administration.

Example 11

A study was performed to examine the relative bioavail-
ability of sustained rclease guaifenesin with pseudoephe-
drine formulations of the present inveption in normal,
healthy male and/or female volunteers. A batch of guaifen-
esin and pseudoephedrine bi-layer 1ablets, 1200 mg, was
prepared according to ihe composition described above for
Example 10. '

The in vivo behaviors of a 1200 mg tablet administered to
volunteers in the fasting state (about 10 hours pre-dose until
about 4 hours after dosing) were compared. The open-label
study involved 29 healthy volunteers between the ages of 18
and 55. The subjects weighed within 15% of their Ideal
Body Weight as defined by the 1983 Metropolitan Life chart.
The 29 volunteers were divided into two treatment groups,
balf receiving the 1200 mg tablet while fasting for Period 1
of the trial. Each volunteer was administered one dose of the
appropriate iablet and then monitored over a 16 hour period.

Blood samples (7 m! with sodium heparin as
anticoagulant) were taken about one hour prior to dosing and
at specific intervals up to 16 hours after dosing (a1 0.25, 0.5,
0.75,1,15,2,3,4,6,8,10,12, 14, and 16 hovrs). All blood
samples were chilled and centrifuged within 30 minutes of
being drawn. The plasma was separated, transferred to a
polypropylene tube, frozen at -20° C. or below and stored
frozen until being shipped for guaifenesin and pseudoephe-
drinc analysis.

The plasma samples were analyzed by a fully validated
HPLC method by PPD Development (3230 Deming Way
Swite 190, Middleton, Wis. 53562). The resulting plasma
coucentiration v, time data was subjected o pharmacokinetic
analysis using non-compartmental analysis with WinnonlinF
L5 The results of the pharmacokinetic parameters analysis
for guiafenesin include a T, of 148 by, €. (ng/ml) of
2196, AUC,_, (br*ng/m]) of 8702, T, , of 1.32 hrs., and an
AUC, {br*ng/ml) of 87325, The results of the pharmaco-
kinetic parameters analysis for pseudocphedrine include a
T ©f 6 hrs, C,,.., (ng/mi) of 300, AUC, (br*ng/ml) of
4201, T, , of 5.98 brs., and an AUC, - (hr*ng/ml) of 4709
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Other embodiments and vses of the invention will be
apparent 10 those of skill in the art from consideration of the
specification and practice of the invention disclosed herein.
The specification and examples shonld be considered exem-
plary only with the true scope and spirit of the invention
indicated by the following claims. As wil] be easily under-
stood by those of skill in the art, variations and modifications
of each of the disclosed embodiments can be casily made
within the scope of this invention as defined by the following
claims.

What is claimed is:

1. A modified release drug product comprising 2 first
quantity of guaifenesin in an immediate release formulation
wherein the gnaifenesin becomes hioavailable in a subject’s
stomach; a second guantity of guaifenesin in a release-
delaying matrix; and at least one additional drug,

wherein the release-delaying matrix comprises a hydro-

philic polymer and a water-insoluble polymer in a
weight ratio of hydrophilic polymer to water-insoluble
polymer from about 1:1 to about 9:1,

wherein the immediate release formulation guaifenesin

has a C,.., in a human subject equivalent to the C,,,.
obtained when 2 dose of a standard immediate release
formulation having one third the amount of guaifenesin
is dosed, and immediately after administration the
serum concentration of gnaifenesin peaks in about an
hour, followed by a gradval serum concentration
decrease over twenty-four hours but the serum concen-
tration of guaifenesin never decreases below the mini-
mum concentration of said standard immediate release
formulation over nwelve hovrs, and

wherein the drug product releases a therapentically effec-

tive binavailable guaifenesin dose for at least twelve
hours after a single dose in the human subject accord-
ing to serum analysis.

2. The modificd release drug product according to claim
1, wherein the hydrophilic polymer is acacia, gum
tragacanth, locust bean gum, guar gum, karaya gum, modi-
fied cellvlosic, methylcellulose, hydroxymethylcellulose,
bydroxypropyl methylcellnlose, hydroxypropyl cellufose,
hydroxyethylcellulose, carboxymethylcellulose, agar,
pectin, camageen, alginale, carboxypolymethylene, gelatin,
casein, zein, bentonitc, magnesinm aluminum silicate,
polysaccharide, modificd starch derivatives, or 2 cambina-
tion thereof.

3. The modified release drug product according 1o claim
1, wherein the water-insoluble polymer is polyacrylic acid,
acrylic resin, acrylic latex dispersion, cellulose acetate
phthalate, polyvinyl acetate phthalate, hydroxypropyl meth-
ylcellnlose phthalate, or a combination thereof.

4. 'The modified release drug product according to claim
1, wherein the hydrophiltic polymer is hydroxypropyl meth-
yleellnlose and the water-insofuble polymer is an acrylic
resin.

3. The modificd release drug product according to claim
1, wherein the immediate release formulation, relcase-
delaying matrix, or both further comprises the at least one
additional drug,

6. The modificd release drug product according to claim
1, wherein the additionz] drug is an antitussive, a
decongestant, an antihistamine, an analgesic, or combina-
tions thereof,

7. The modified release drug: product according to claim
6, wherein the additional drug is dextromethorphan
hydrobromide, codeine, hydrocodone, phenylephrine
bydrochloride, phenylpropanolamine hydrochloride, pseu-
doephedrine hydrochloride, ephedrine, chlorpheniramine
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maleate, brompheniramine maleate, phenindamine tartrate,
pyrilamine maleate, doxylamine succinate, phenyltoloxam-
ine citrate, diphenhydramine hydrochloride, promethazine,
clemastine fumerate, aspirin, ihuprofen, acetaminophen,
naprosin, or combinations thereof, )

B. The modified release drug preduct according to claim
‘6, wherein the additional drug is dextromethorphan
hydrobromide, pseudoephedrine hydrochloride, or a combi-
nation thergof.

9. The modified release drug product according to claim
1, further comprising binders, colorants, excipicnts, glidants,
lubricants, preservatives, stabilizers, surface active agents,
or combinations thereof. :

10. The modified release drug product according to claim
9, wherein the lubricant is magnesium stearate, calcium
stearate, zinc stearate, powdered stearic acid, hydrogenated
vegetable oil, tale, polyethylene glycol, mineral oil, or a
combination thereof.

11. The modified release drug product according to claim
9, wherein the binder is sucrose, lactose, gelalin, starch
paste, acacia, tragacanth, povidone, polyethylene glycol,
Pullulan, corn syrp, or 2 combination thereof.

12. The modified release drug preduct aceording to claim
9, wherein the glidant is colloidal silicon dioxide, talc, or a
combination thereof.

13. The modified release drug product according to claim
9, wherein the surface active agent is sodium lauryl sulfate,
dioctyl sodium sulfosuccinate, triethanolamire, polyoxyeth-
ylene sorbitan, poloxalkol, quaternary ammonium salts, or a
combinalion thereof.

14. The modified release drug product according to claim
9, wherein the excipient is mannitol, glucose, fructose,
xylose. galactose, maltose, xylitol, sorbitol, potassium
chloride, patassium sulfate, potassium phosphate, sodium
chloride, sodium sulfate, sodivm phosphate, magnesium
chloride, magnesium suifate, magnesium phosphate, micro-
crystalline cellulose, sodiem starch glycolate, or a comhi-
natien thereof.

15. The modified release drug product according to claim
9, wherein the colorant is Emerald Green 1ake, FD&C Red
#40, FD&C Yellow #6, FD&C Yeliow #10, FD&C Biuc #1,
or a combination thereof,

16. The modified release drug product according to claim
1, wherein the iimmediale release formulation further com-
prises microcrystalline cellulose, sodium starch glycolate,
and magnesium stearale.

17. The modified release drug product according (o claim
1, wherein a total quantity of guaifenesin is from about 600
mg to about 1200 mg.

18. The modified release drug product according to claim
1, wherein a ratio of a total quantity of guaifenesia to the
additional drug is from about 1:1 to about 4:1 by weight.

19. The modified release drug product according to claim
1, wherein a ratic of a total quantity of guaifenesin to the
additional drug js from about 3:2 to about 9:1 by weight.

20. The medified release drug product according to claim
1 or 17, wherein a ratio of the first quantity of guaifenesin
to the second quantity of guaifenesin is about 1:1 to about
1:49 by weight.

21. The modified release drug product according to claim
1 or 17, wherein a ratio of the first guantity of guaifenesin
to the second quantity of guaifenesin is from about 2:3 10
about 1:19.

22. The modified release drug product according to ¢laim
17, wherein guaifenesin has a C,,, of at least about 1900
ng/ml and an AUC,, of at least 7000 hr*ng/ml.

23. The modified release drug product according to claim
17, wherein guaifenesin has 3 C,_,, of at Jeast 1000 ng/ml
and an AUC, . of at least 3500 hr*ng/ml,
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24. The modified release dmug product according to claim
1, wherein the guaifenesin has a half life of at least 3 hours
as determined by serum analysis.

25. The modified release drug product according to claim
1, wherein the release-delaying matrix comprises about 75%
to about 95% by weight of guaifenesin, from about 1% to
about 15% of the additional drug, from about 1% to about
10% of the hydrophilic polymer, and about 0.5% to about
2.5% of the water-insaluble polymer by weight,

26. The modified release drug product according to claim
1, wherein the immediate release formulation and the
refease-delaying matrix each comprise abutting subsiantially
planar layers which form a bilayer tablet.

27. The modified release drug product according to claim
1, wherein the release-delaying matrix is coated by a layer
of the immediate release formulation.

28. The modified release drug product according to claim
17, wherein the release-delaying matrix comprises from
about 80% te about 90% by weight of guaifenesin, from
about 3% to about 10% by weight of the additional drug,
from about 2% to about 5% of the hydrophilic polymer, and
from about 1% to about 1.5% by weight of the water-
msoluble polymer.

29. A modified release drug product comprising a first
quantity of guaifenesin in an immediate release formulation
wherein the guaifenesio becomes bicavailable in a subject’s
stomach; 2 second quantity of guaifenesin in a sustained
release form,

wherein the sustained release form comprises a hydro-

philic polymer and a water-insoluble palymer in a
weight ratio of hydrophilic pelymer 1o water-insoluble
polymer from about 1:1 to about 9:1,

wherein the immediate release formulation guaifenesin

has a C,,.. in 2 human subject equivalent to the C,__,
obtained when a dose of a standard immediate release
formudation having ope third the amount of guaifenesin
is dosed, and immediately after administration the
serum concentration of guaifenesin peaks in about an
hour, followed by a gradual serum concentration
decrease over twenty-four hours but the serum concen-
tration of guaifenesin never decreases helow the mini-
mum conceniration of said standard immediate release
formuiation over twelve hours, and

wherein the drug product releases a therapentically effec-

tive bioavailable guaifenesin dose for at least twelve
hours after a single dose in the human subject accord-
ing 10 s¢rum analysis.

30. The modified release drug product accerding to claim
29, wherein a total quantity of guaifenesin is from about 600
g to about 1200 mg.

31. The modified release drug product of claim 30,
wherein a ratio of the first quantity of guaifenesin to the
second quantity of guaifenesin is about 1:1 to about 1:49.

32. The modified release drug product of claim 30,
wherein a ratio of the first quantity of guaifenesin to the
second quantity of guaifenesin is about 2:3 1o about 1:3%:

33. The medified refease drug produet according to claim
30, wherein guaifenesin has a C_, from about 1600 to 2500
ng/ml and an AUC,,,of about 5600 to 875¢ hr*ng/mi.

34. The modified release drug product aceording to claim
30, wherein the guaifenesin has a G,y of 2l least 1900 ng/ml
and an AUC, . of at feast 7000 hr*ng/m}.

35. The modified release drug product according 1o claim
30, wherein the pnaifenesin has a C,,,, of ahout 800 to 1250
ng/ml and an AUC,, of about 2800 to 4375 hr*ng/mi.

36. The modified release drug product according to claim
30, wherein the guaifenesin hasa C,,,, of at least 1000 ng/ml

and an AUC,; of at least 3500 hr*ng/ml.
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37. The modified releasc drug product according (o claim
29, wherein the guaifencsin has a half life of at least three
bours s determined hy serum analysis.
38. The modified release drug product according 1o claim
28, wherein the immediate release formulation and the
sustained release form cach comprise abutting sehstantially
planar layers which form at hilayer tahlet.
3%. The medified release drug product according to claim
29, wherein the sustained release form is coated hy a layer
of the immediate release formulation,
40. The modificd release drug product according to claim
29, wherein the drug product is shaped as a capsule and
contains the immediate release formulation and the sus-
tained release form. '
41. The modified rclease drug prodirct accordiag to claim
29, wherein the drug product is approximately equally
effective when administered 1o the human subjoct with an
empty or full stomach,
42. The modified releasc drug product according 16 claim
30, wherein the dreg product has a guaifenesin serum
concentration profile of FIG, 10. )
43. A modified release drug product comprising a first
quantily of guaifencsin in an immediate release formulation
whercin the guaifenesin hecomes hioavailahle in a suhject’s
stomach; a second quantity of guaifenesin in a sustained
release formulation; and al least one additional drug,
wherein the sustained release formulation comprises a
hydrophilic polymer and a water-insoluhle pelymer in
a weight ratio of hydrophilic polymer to water-
insoluble polymer from about 1:1 to ahout a1,

wherein the ratio of the first quantity to the second
quantity of guaifenesin is.about 1:1 10 ahout 1:49,

wherein the immediate release formelation guaifenesin
has a C,_.. In.a human subject equivalent to the Crrae
obtained when a dose of a standard immediale release
formulation having one third the amount of guaifenesin
is dosed, and immediately after admimstration the
serum concentration of guaifenesin peaks in ahout an
bour, followed hy a gradual serum concentration
decrease over twenty-four hours hat the serum concen-
tration of guaifenesin never decreases below the mini-
mem concentration of said standard immediate release
formulation over twelve hours, and

wherein the drug product provides a therapeutically effec-

tive bioavailahle guaifenesin dose for ar least welve
hours after a single dose in the human suhject accord-
ing lo serum analysis.

44. The medified relcase drug product according to claim
43, wherein a total quantity of guaifenesin is from ahout 600
mg to ahout 1200 mg,

45. The medified release drug product according to ¢laim
43, wherein the additional dreg is an antitussive,
decongestant, antihistamine, analgesic, or comhinalions
thereof.

46. The modified rclease drug product according to claim
45, wherein the additionsl drug is dextromethorphan
hydrobromide, codeine, hydrecodone, phenylephrine
hydrochloride, phenylpropanolamine hydrochleride, pseu-
doephedrine hydrochloride, ephedrine, chlorpheniramine
maleale, brompheniramine maleate, phenindamine tartrate,
pyrilamine maleate, doxylamine succinate, phenylioloxam-
ine citrate, diphenhydramine hydrochloride, pfomethazine,
clemastine fumerate, acetaminophen, aspirin, ihuprofen,
napresin, or combinations thereof.

47. The modified releasc drug product according to claim
435, wherein the additional dreg is dextromethorphan
bydrohromide, pseudoephedrine hydrochleride, or a comhi-
nation thereof.

20

5

20

35

40

45

50

55

60

&5

34

48. The moedified release drug product according to claim
43, wherein a ratio of a fotal quantity of guaifenesin to the
additional drug is from ahout 1:1 to about 4:1 hy weight.

49. The modified release drug product according to claim
43, wherein a ratio of a total quantity of guaifenesin to the
additional drug is from ahout 3:2 1o about 9:1 hy weight.

50. The modified release drug product according to claim
43 or 49, wherein a ratio of the first quantity of guaifenesin
1o the second quantity of guaifenesin is from ahout 2:3 10

. about 1:19.

51. The modified release drug preduct according o claim
44, wherein a guaifenesin C,, ., of the drug product is from
ahout 1600 to 2500 ng/ml and an AUC, . is from about 5600
to 8750 hr*ng/ml.

52. The modified release drug product according to claim
44, wherein 2 goaifenesin C,,_is at least 1900 ng/m] and an
AUC,, is at least 7000 hr*ng/ml.

53. 'fhe modified release drug prodect secording to claim
44, wherein a graifenesin C___ is ahout 800 to 1250 ng/ml
and an AUC,, . is from aboul 2800 to 4375 hr*ng/ml.

4. The modified release drug product according 1o claim
44, wherein a guaifenesin C, _ is at least 1000 ng/m] and an
AUC,,, is at least 3500 hr*ng/m.

55. ’fhc modified release drug produet according to claim
43, wherein the guaifenesin has a half life of at least three
hours as determined hy serum analysis.

6. The modified release drug product according to claim
43, wherein the immediate release formulation and the
sustained release formulation ‘cach comprise ahutting sub-
stantially planar layers which form a hilayer tablet.

57. The modified release drug product according to claim
43, wherein the sustained release formulation is coated hy a
layer of thie immediate release formulation.

58. The modified release drug product according 1o claim
43, wherein the drug product is shaped as a capsule con-
laining the immediate release formulation and the sustained .
release formulation.

59. The medified release drug product according 10 claim
43, wherein the drug product is approximately equally
effective when administered to the human suhject with an
empty or full stomach. :

60. The modified release drug product according to claim
44, wherein the drug product has the scrum guaifenesin
conceniration prefile of FIG. 10.

61. A method of treating coughing and symptoms or
discases associated with coughing which comprises admin-
istering 10 a suhject in need of such treatment a therapeuti-
cally effective amount of a modified release drug product
according to claim 1, 43 or 29 effective 1o treat coughing and
SYmptoms or diseases associated with coughing in the
suhject,

62. The rmethod according to claim 61, wherein the drug
product is administered orally.

63. The method according to claim 61, wherein the
additional drug is an antitussive, a decongestant, an
antihistamine, an analgesic, or comhinations thereof.

64. The methed according to claim 63, wherein the
additional drug is dextromethorphan hydrohromide,
codeine, hydracodone, phenylephrine hydrochloride, phe-
nylpropanclamine hydrochloride, pscudoephedrine
hydrochloride, ephedrine, chlorpheniramine maleate, bro-
mpheniramine maleate, phenindamine tarirate, pyrilamine
maleate, doxylamine succinate, phenyltoloxamine citrate,
diphenhydramine hydrochloride, promethazine, clemastine
tumerate, aspirin, ihuprofen, acetaminophen, napresin, or
comhinations thereof.

65. The method according to claim 63, wherein the
additional drug is dextromethorphan kydrohromide, pscu-
doephedrine hydrochloride, or a comhination thereof,
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66. The method according to claim 61, wherein a total
quantity of guaifenesin is from about 600 mg to about 1200
mg.

67. The method accarding 1o claim 61, wherein a ratio of
a lotal quantity of guaifenesin to the additional drug is from
about 1:1 to about 4:1 by weight.

68. The method according to claim 61, whercin a ratio of
the first quantity of guaifenesin o the second quantity of
guaifenesin is about 1:1 to about 1:49 by weight.

69. The method according io claim 61, whercin puaifen-
esin has a C,_ . of at least about 1900 ng/ml and an AUC,
of at least 7000 hr*ng/ml.

70. A method of treating coughing and symploms or
discases associated with coughing which comprises admin-
istering 1o a subject in need of such treatment a therapeuti-
cally effective amount of a modified releasc drug product
having a first quantity of geaifenesin in an immediate release
formulation which becomes fully bipavailable in a subject’s
stomach and a second quantity of guaifenesio in a release-
delaying matrix comprising a hydrophilic polymer and a
water-insoluble polymer wherein a weight ratio of said
hydrophilic polymer to said water-insoluble polymerisin a

- range of from about 1:1 to about 6:1, wherein said irmme-
diate release formulation guaifenesin demonstrates a C, e 10
a human subject equivalent o the C,,_, ohtained when a
dose of a standard immediate release formulation having one
third the amount of puaifenesin is dosed, and immediately
afler administration the serum concentration of guaifenesin
peaks in about an hour, followed by a gradual serum
concentration decrease over twenty-four hours but the serum

-
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conccatration of guaifenesin mever decreases below the

.minimum concentration of said standard immediate release

formulation over twelve houss, and wherein said-drug prod-
uct provides therapeutically effective bivavailability for at
least twelve hours after a single dose in the human subject
according to serumn analysis.

71. The method actording 1o claim 70, whersin the drug
product is administered orally.

72. The method according o claim 70, wherein 4 ratio of
the first quantity of guaifenesin to the second quantity of
guaifenesin is about 1:1 to about 1:49¢ by weight.

73. The method according to claim 70, wherein guaifen-
esio has a C,,,, of at least about 1900 ng/ml and an AUC, .
of at least 7000 hr*ng/m],

74. The modified release drug product according to claim
1 or 43, wherein a ratio of a total quantity of guaifenesin to
the additional drug is from abowt 3:1 to about 20:1 by
weight.

75. The modified release drug product according to claim
1 or 43, wheretn the guaifenesin has a half life of at least 1.3
hours as determined by senim analysis.

76. The modified release drug product according to claim
43, wherein the immediate release formulation, snstained
release formulation, or both comprises the at least one
additional drug.

77. The methed according 1o claim 61, wherein a ratio of
a total quantity of guaifenesin to the additional drug is from
about 3:1 ta about 20:1 by weight.
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