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

RECKITT BENCKISER INC.
Plaintiff,
V.
WATSON LAB(.JRATORIE‘S, INC.

- FLORIDA and WATSON
PHARMACEUTICALS, INC.

Defendants.

M St Nt e v Vet St et ot vt Ve g’

COMPLAINT FOR PATENT INFRINGEMENT

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.. Plaintiff Reckitt Benckiser Inc. is a corporation incorporated and existing under
 the laws of the State of Delaware, 1‘1awingr 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 rFlorida and having its principal place of
business at 4955 Orange Drive, Davie, Florida 33314.

3. Upon information and belief, Defendant Watson Pharmaceuticals, 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 markets generic pharmaceutiéa} products through its operating
subsidiary Defendant Watson Laboratories, Inc. — Florida.

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

5. Upon information and belief, Defendant Watson Laboratories, Inc. — Florida was
formerly 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 acts 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 act.s complained of herein were doﬁe by, at the
direction of, with the authorization, cooperation, particiﬁation 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, Tifle 35, United States Code. Jurisdiction 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 propér 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

11. . Reckitt is the holder of New Drug Application (“NDA”) Nq. 21-585 by which the
United States Food and Drug Administration (“FDA”) granted approval for 600mg/60mg and
1200mg/120mg guaifenesin/pseudoephedrine HCI extended release tablets. These tablets are
marketed in the United States under the tradename Mucinex® D, 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.

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

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

14.  Reckitt is the owner of the *252 Patent. A copy of the 252 Patent is attached as

~ Exhibit A.

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

16.  The ‘252 Patent and the ‘821 Patent cover Mucinex® D and have been listed in
the FDA Approved Drug Products with Therapeutic Equivalence Evaluations {“the Orange
Book™) for this product.

17.  Upon information and belief, Watson submitted to the FDA an Abbreviated 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/pseudoephedrine HCI
éxtended rclease tablets, 600mp/60mg and 1200mg/120mg, prior to the expiration of the ‘252
Patent and the ‘821 Patent. Watson’s ANDA for Mucinex® D has been assigned ANDA No. 91-

071.
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18. Upon information and belief, Watson’s ANDA No. 91-071 includes a certification
with respect to the ‘252 Patent and ‘821 Patent under 21 U.S.C. § 355(G)(2)(A)(vii)(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 guaifenesin/pseudoephedrine HCI extended release tablets, 600mg/60mg and
1200mg/120mg.

19. - Upon information and belief, the notice of certification sent to Reckitt was dated

~ April 21, 2009.

20. Upon information and belief, the Watson products that are the subject of ANDA
No. 91-071 will infringe at least one of the ‘252 Patent claims and at least one of the ‘821 Patent
claims.

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

22. | Because Watson has submitted its ANDA under 21 U.S.C. § 355(j), 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(e)(2)(A).

23.  Reckitt is entitled to relief provided by 35 U.S.C. § 271 (e)(4), including an order
from this Court that the effective date of the approval of Watson’s ANDA 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..
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24, 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.
25. Watson’s ;:ertiﬁcation to the FDA that the ‘821 Patent was not infringed, invalid
and/or unenforceable was baseless, 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
ANDA,;

(b) W afson infringed one or more claims of the ‘821 Patent by submitting the aforesaid
ANDA,;

(c) A permanent injunction be issued, pursuant to 35 U.S.C. § 271 (e)(4)(B), restraining
and enjoining Defendant Watson, their 6fﬁcers, 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 im;:‘)ortation 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 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 manufactﬁre, use, offer to sell, or sale within the United States, or importation into
the United States, of compositions as claimed in the ‘821 Patent;

(e) Aﬁ 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. 91-071 be a date that is not earlier than the expiration of
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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

(f) 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: May 8, 2009 | By Q /

1ck A. Conde
D Carlin
Fltzpatrlck, 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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U.S. Patent

Apr. 16, 2002 Sheet 1 of 11

TABLETTING

COMPRESS THE RESULTING
GRANULATION INTO TABLETS.

f

BLENDING

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

F )

MILLING AND SCREENING

MILL THE DRIED GRANULATION
THROUGH A MESHED SCREEN,

¥ 3

FLUID BED DRYING
DRY THE WET GRANULATION.

A

GRANULATION

_MIX GUAIFENESIN WiTH
METHOCEL E10M AND WATER.

FIG. 1

US 6,372,252 B1
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U.S. Patent

Apr. 16, 2002 Sheet 2 of 11

US 6,372,252 B1

COATING

FILM COAT THE TABLETS WITH A
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 B1

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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US 6,372,252 Bl

1

GUAIFENESIN SUSTAINED RELEASE
FORMULATION AND TABLETS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sustained release
guaifenesin formulation for oral administration and methods
of its manufacire. In particular, it rclates to a sustained
release guaifenesin formulation which maintains a therapeu-
tically cffective 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 guaifenesin tablet which demon-
strates a maximum serum coencentration equivalent fo an
immediate release tablet yet maintains a therapeutically
effective blood concentration of guaifenesin for a duration of
al least twelve hours.

2. Description of Related Ant

Sustained r¢lease pharmaceutical formulations provide a
significant advantage over immediate release formulations
to both clinicians and their patients. Sustained release dos-
age forms ar¢ 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, a 400 mg immediate release dosage form of
an active ingredient (hereinafter “drug” or “medicament™)
with a short half-lifc, such as guaifenesin, may have to be
administered to a paticnt 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 ihere 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 appropriate blood ¢onceniration of the medica-
ment for optimum therapy. A 1200 mg sustained release
dosage form, on the other hand, may only have 1o be
administered to a patient once every 12 hours to 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 to 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 generally help reduce side effects caused by a drug.
Because suslained release dosage forms deliver the drug in
slow, incremental amounts versus the cyclic high and low
concentrations of immediate retease formulations, it is easier
for a patient’s body 10 digest the drug, thereby avoiding
undesirable side-effects. For patients who self-administer
therapies, sustained release dosage forms generally result in
greater compliance due to the lower frequency of dosing,
lower quantity of dosage units to be consumed, and reduced
undesired side-effects.

Sustained 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 materiais, which
is resistant fo degradation or disintegration in the stomach
and/or in the intestine for a selected perind of time. Release
of the drug may occur by leeching, erosion, rupture, diffu-
sion or similar actions 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 to an aqueous
environment 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 in 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
melthylcellulose phihalate, 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 ingredients 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
sustained release properties, these formulatons generally do
not have the desired release profile or serum concentration
of medicament over an extended period of time. These
suslained release formulatons generally result in a delay in
the appearance of drug in the blood siream, 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 result. Furthermore, most formulaiions which
claim twelve hour potency release almost all of their drug
wilhin six to eight hours, 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 therapeuticaily effective level at
extended time periods, many manufacturers increase the
drug strength of the dosage form. The increase in drug
strength, however, results in a concomilant increase in

- side-cifects.
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To improve the rclease profile of certain sustained release
dosape forms, some pharmaceutical manufacturers have
made tablets and capsules which comprise a combination of
an immedialc rclease 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
rate, and hence its bioavailability. 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 area available
for dissclution and environmenial factors such as agitation
in the stomach and the presence of food. Due to these
munerous 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 effect.

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 to loosen phlegm and bronchial secretions. By reduc-
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ing the viscosity of secretions, guaifenesin increases the
cificiency of a cough reflex and of ciliary action in removing
accumulated secretions from trachea and bronchi. Guaifen-
¢sin is rcadily absorbed from the intestinal fract 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 a short window of therapeutic
effectiveness 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 immediatc rclcase formulation, appears in the blood
stream as quickly as an immediate release formulation, yet
susiains therapeutic effect {or at least twelve hours.

SUMMARY OF THE INVENTION

The present invention overcomes the problems and dis-
advantage associated with current strategies and designs in
formulation of modified release 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 hydrophilkic polymer and at least ome water-
insoluble polymer. The total weight ratio of hydrophilic
polymer io water-insoluble polymer may be in a 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) lo about four-to-
one {4:1), and most preferably about two-to-one (2:1). When
a tablet comprising the Sustained release {ormulation is
exposed fo an aqueous medium 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 raedium of higher pH is
present, the gel begins to dissolve, thereby releasing
guaifenesin in controlled amounts. The tablet is capable of
releasing therapeutically effective amounts of guaifenesin
over an extended period, i.e. twelve or more hours.

This invention also relates to a modified release guaifen-
esin tablet which comprises two discrete portions {a bi-layer
tablet), a rapid release portion and a sustained release
portion, cach portion comprising a specific quantity of
guaifencsin, The rapid release portion is formulated to
dissolve in aqueous acidic medium, such as that found in the
stomach, to quickly release guaifenesin contained within the
portion. The sustained release portion may comprise 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 range of about three-to-two {3:2) to about four-to-onc
(4:1), and most preferably about i{wo-to-ome {2:1, with a
water-insoluble polymers as described above.

The present invention also relates 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 release formulation.-

The bi-layer tablet of the present invention demonstrates
a maximuth serim concentration (Cmax) and time of avail-
ability in the blood stream that arc equivalent to an imme-
diate release tablet. The bi-layer iablet 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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guaifenesin 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 to methods of manu-
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 & hydrophilic polymer and active ingre-
dients in 4 mixer, adding water to the mixture and continuing
to mix and chop, drying the mixture to obtain hydrophilic
polymer encapsulated granules, milling and screening 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 with a protective coating
which rapidly dissolves or disperses in gastric juices.

An examaple of a bi-layer tablet manufacturing method
comprises blending a quantity of guaifenesin with various
cxcipicnts, 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 quantity of the rapid release
formulation with a quantity of the sustained release formu-
lation to form a bi-layer tablet. The tablet may then be
optionally coated with a protective coating which rapidly
dissolves or disperses in gastric juices.

Other objects, advantages and embodiments of the inven-
tion are s¢t 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 DESCRIPTION OF THE DRAWINGS

FI1G. 1 is a flow diagram depicting steps in a wet granu-
lation method for manufaciuring the sustained release for-
mulation of the present invention.

FIG. 2 is a flow diagram depicting steps in a dry granu-
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
manufacluring the bi-layer tablet of the present invention.

FIG. 4 is a graph demonsirating the dissolution profiles of
tablets comprising two dilferent sustained release formula-
tions of the present invention,

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
art,

FI1G. 6 is a graph demonstrating the plasma concentration
of guaifenssin 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 release formulations of the present inven-
tion.

FIG. 7 is a graph demonstrating the plasma concentration
of guaifenesin over time in healthy human volunieers 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 prescnt invention (one comprising 600 mg of immediate
release formulation and 600 mg of sustained release formu-
lation and the other one comprising 400 mg of immediate
release formulation and 800 mg ol suslained release
formulation). '
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FIG. 8 is a graph demonstrating the dissolution profiles of
four sustaincd rclease tablets of the present invention: onc
tablet is non-layered, comprising 1200 mg of sustained
rclease 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 immediale release formulation; and yct another tablet
is bi-layered comprising 1000 mg of sustained release
formulation and 200 mg of immediate release formulation.

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

FIG. 11 is a graph demonsirating the averaged plasma
concentration of guaifenesin over a 16 hour period in 27
healthy human volunieers from 600 mg bi-layered modified
release tablets of the present invention administered fo
fasting volunieers, 1200 mg bi-layered modified release
tablets of the presenl invention administered to fasting
volunicers, and 1200 mg bi-layered modified release tablets
of the present invention adminisiered to volunieers who bad
been fed a high fat meal. '

DETAILED DESCRIPTION OF THE
INVENTION

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

a) Sustained Relcase Formulation

In one cmbodiment of the present invention, a sustained
rclecasc formulation comprises guaifenesin mixed with a
polymer blend which consists of af least one hydrophilic
polymer and at least one water-insoluble polymer. In a
further embodiment, the sustained release formulation may
comprise a combination of guaifenesin and at least one other
drug including, but not limited to, an antitussive such as
dexiromethorphan hydrobromide, a decongestant such as
phenyleplirine hydrochloride, phenylpropanolamine
hydrochloride, pseudoephedrine hydrochloride or
ephedrine, an anlihisiamine such as chlorpheniramine
malcate, brompheniramine malecate, 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 lotally synthetic hydrophilic gums such as acacia, gum
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tragacanth, locust becan gum, guar gum, or karaya gum,
modificd ccllulosic substances such as methylecllulosc,
hydroxomcthylecllulose, hydroxypropyl methylecllulose,
hydroxypropyl cellulose, hydroxyethylcellulose, catboxyin-
ethylcellulose; proleinaceous substances such as agar,
peclin, carrageen, and alginates; and other hydrophilic poly-
mers such as carboxypolymethylene, gelatin, casein, zein,
benionite, magnesium aluminum silicate, polysacecharides,
modified siarch 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
aqueous acidic media thereby allowing the guaifenesin io
diffuse from the gel in the stomach. When the gel reaches the
intestines, il dissolves in controlled quantitics in the higher
pH medium, where the guaifenesin itself is fairly
absorbable, to allow sustained release of guaifcnesin
throughout the digestive tract, Preferred hydrophilic poly-
mers are the hydroxypropyl methylcelluloses such as those
manufactured by The Dow Chemical Company and known
as METHOCEL eihers. In one preferred embodiment of a
sustained release formulation the hydrophilic polymer is a
METHOCEL ether known as METHOCEL E10M.

Waler-insoluble polymers which arc suitable for use in the
sustained release formulation are polymers which generally
do nol dissolve in solutions of a pH beclow 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 fluid, it aids in retarding drug
release in those regioms. Likewise, because the polymer
dissolves more slowly in solutions of higher pH than hydro-
philic polymers, il aids in retarding drug release throughout
the intestines. This overall delayed relcase results in a more
uniform serum concentration of guaifenesin.

The water-inscluble polymers suitable for use in this
invention include: polyacrylic acids, acrylic resins, acrylic
latex dispersions, cellulose acetate phtbalaie, polyvinyl
acctate phihalate, hydroxypropyl methylcellulose phthalate
and other polymers common to those of skill in the art. In a
preferred embodiment, a sustained release formulation com-
prises the acrylic resin CARBOPOL 974P supplied by BF
Goodrich.

A suslained release formulation of the present invention
may further comprise pharmaceutical additives including,
but not limited to: lubricants such as magnesium stearale,
calcium stearate, zinc stearale, powdered stearic acid, hydro-
genated vegctable 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 pastc, acacia, tragacanth, povidone polyethylenc
glycol, Pullulan and corn syrup; glidanis such as colloidal
silicon dioxide and talc; surface active agents such as
sodium lauryl sulfate, dioctyl sodium sulfosuccinate,
tricthanolamine, polyoxyetiylene sorbitan, poloxalkol, and
quarternary ammonium salts; preservatives and slabilizers;
excipienis such as laciose, mannitol, glucose, fructose,
xylose, galaclose, sucrose, mallose, 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 prcferred
embodiment, a sustained release formulation further com-
prises magnesium stearate and Emerald Green Lake. In
another preferred embodiment, a sustained release formula-
tion further comprises magnesium stearsle and FD&C Blue
#1 Aluminum Lake Dye.

A susiained release formulation of the present invention
may comprise al leasi one drug ingredient, at least one
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hydrophilic polymer, at least one water-insoluble polymer,
and at least one pharmaceutical additive in any appropriate
percent quantity which permits dissolution of drug ingredi-
ents that results in a therapeutically effective serum concen-
tration profile for a full twelve hours. In & preferred
embodiment, a sustained release formulation Ad comprises
approximately 95.5% guaifenesin, approximately 2.4%
hydroxypropyl methylcellulose, approximately 1.2% acrylic
résin, approximately 0.5% magnesium stearate, and approXi-
mately 0.3% colorant such as Emerald Green Lake or FD&C
Blue #1.

The present inventive sustained release formulation con-
trols release of guaifenesin 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.c. stomach versus intestinal tract) changes. ln a more
acidic environment, 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 throughout the
digestive tract is thus of primary importance in determining
concentrations of guaifenesin attained in the blood and
tissues as a drug formulaton is digested.

To maintain 2 blpod concentration of guaifenesin which
provides good therapeutic effect, the release, or dissolution,
of guaifenesin from a formulation matrix is preferably
retarded and/or controlled through the intestincs. The com-
bination 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 t0 media of a higher pH, the gel
begins to slowly dissolve thereby releasing guaifenesin at a
controlled rate.

In a preferred embodiment of the present invention, a
sustained release formulation comprises a hydrophilic
polymer, preferably hydroxypropyl mcthylcellulose, in a
ratio range of about one-to-one (1:1) to about six-to-one
{6:1), more preferably a range of about three-to-two (3:2) to
about four-to-one {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-
tion results in a serum concentration 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
known to 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 he milled,
screened, then hlended with various pharmaceutical
additives, water insoluble polymer, and additional hydro-
philic polymer. The formulation may then tableted and may
further be film coated with a protective coating which
rapidly dissolves or disperses in gastric juices.

A preferred embodiment of a method 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 E10M and GUAIFENESIN may
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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 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 embodiment, the
shut off for the mixer load is set to 21 kilowatts.

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 00
CFM and an inlet temperature of about 50 to about 55° C.
until the outlet temperature Increascs at a rate of 1% per
minute. The air flow may then be decreascd to 600 CFM,
and the inlet temperature may be decreased to 43° C. until
the granulation is dried to a moisture content of no more than
0.5%. In another preferred embodiment, the outlet tempera-
fure is set to a cut-off of 48° C. In yet anothker preferred
embodiment, an agitator in the fluid bed bowl may be run
intermittently during drying. The dried granulation may be
passed through a mill fitted with a suitable screen size so that
not more than about 30% of the resulting granulation comes
through a 100} mesh screen and not more than ahout 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 specd 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 granulalion may be fransferred to a 10 cubic foot
V blender, combined with about another 0.6 kg of METHO-
CEL LE10M, about 0.3 kg of a colorant such as EMERAID
GREEN LAKE or FD&C BLUL #1, about 0.7 kg of
magnesium stearate, and about 1.3 kg of CARBOPOL 974P.
The combination may be blended for about three minutes.

The resulting formulation may further be compressed on
a tablet compressor machine using tooling to form tablets.
The tablets may be any appropriate 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-8-3-714
(supplied by COLORCON, INC.) and air dried in the pan.

Another embodiment of 2 method of preparing a sustained
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 protective 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 CARBOPOL 974P and about 0.333
kg of a colorant such as EMERAID GREEN LAKE or
FD&C BLUE #1 may bec loaded into a 10 cubic foot V
BLENDER. The ingredients may be blended for about 20
minutes at which time ahout (1.6 kg of magnesium stearate
may be added to the blended ingredients, This mixture may
he blended for about another 10 minutes. The resulting
formulation may further be compressed on a tablet com-
pressor machine using tooling to form tablets. The tablets
may be any appropriate 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-§-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
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and in vivo release characteristics as described in Examples
1, 2, and 3 below. In the its vitro lesting, the dissolution rates
of these tablets were compared against modified release
lablets formulated withoul 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 guaifenesin over a twelve
hour period than any of the other tablets (see EXAMPLE 1
and 2, and FIGS. 4 and §).

In the in vivo tesling, serum concentrations of subjects
taking tablels comprising the sustained release formulation
of the present invention were compared with serum concen-
trations of subjects taking immediate release guaifenesin
tablets and modified release guaifencsin tablets formulated
without acrylic resin (see EXAMPLE 3 and FIG. 6). Tablets
comprising the sustained release formulation of the present
invention demonsiraled improved suslained release and
therapeutic concentration at exlended time periods that the
other two formulations. However, in the subjects taking
lablets comprising the sustained release formulation of the
present invention, it tock longer for guaifenesin to appear in
the blood stream and the maximum serum concentration
(Cmax) of guaifenesin in these subject was less than balf of
that of the subjects taking the immediate release tablets,
(b) Bi-Layer Tablets

To improve the Cmax and speed of appearance of guaifen-
esin in patients while maintaining therapeutic effect for at
least twelve hours, a portion of a sustained release formu-
lation of the preseni invention as described above may be
combined witlr a portion of an immediate release formula-
tion in a bi-layer tablet.

The immediate release formulation may comprise
guaifenesin and various pharmaceutical additives such as
Inbricants, colorants, binders, glidants, surface active agents,
preservalives, stabilizers, as described above and/or any
olher pharmaceutical additives known to those of skill in the
art. In a preferred embodiment, an immediate release for-
mulation comprises guaifenesin, microcrystalline cellulose,
sodium starch glycolate, and magnesium sicarate. In a
further preferred embodiment, an immediate release formu-
lation may comprise about 58% guaifenesin, about 33%
microcrystalline cellulose, about 8% sodium starch
glycolate, and about (0.3% magnesium stearate.

The bi-layer tablet may be manufactured according to any
method known to those of skill in the art. The resulting tablet
may comprise the two portions compressed against one
another so that the face of each portion is exposed as cither
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
‘bi-layer tablet of the present invention 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-layer
tablets of the present invention a suslained release formu-
lation is prepared according to either a wet granulaiion or
dry granulation method as described above. The immediate
releasc formulation may be prepared by simply blending the
guaifenesin 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 blender for aboul
twenty minutes. An appropriaie quantity of magnesium
stearate is then added to the ingredients and blended for
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about ten more minutes to make an immediale release
formulation. Portions of the sustained release formulation
and immediate release formulation are then compressed by
a tablel compressor machine capable of forming bi-layer
tablets. In one embodiment, these tablets may further be
coated with a protective film which rapidly disiantegrated or
disselves in gastric juices.

The tablets may be made with any ratio of sustained
release lo modified release formulation which results in a
blood profile demonsirating appropriate therapeuntic effect
over exiended time periods. 1ln 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 oxample, in a 1200 mg bi-layer modified release
guaifenesin tablet of the present invention, there may be
about 200 mg of guaifenesin in the immediale release layer
and about 1000 mg of guaifenesin in the sustained release
layer.

In one preferred embodiment of manufacturing a 1200 mg

. bi-layer modified release guaifenesin tablet, about 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
EMERAID GREEN LAKE or FD&C BLUE #1 in a 10
cubic foot P.X. blender for about twenty minutes.

About 0.6 kg of magaesium slearale may then be added
and blending continued for aboul another len minules to
prepare the suslained release formulation. Approximately 21
kg of GUAIFENESIN DC, approximately 11.75 kg of
microcrystalline cellulose, and approximately 3 kg of
sodium starch glycolate may be blended in a 3 cubic foot
PK. blender for aboul twenty minuies. Approximately 0.1
kg of magnéesium stcarate may then be added and blending
continued for about another ten minutes lo prepare the
immediale release formulation. The two formulations may
then be compressed 1o make bi-layer lablels wherein about
75% of each lablel may be sustlained release formulation and
aboul 25% if each tablet may be immediate release formu-
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 abowt 15-40 SCU. In another preferred
embodiment, 600 mg tablets are round and about % inch in
diameter, about 0.218 inch—0.230 inch in thickness, weigh
aboul 0.729 grams and have a hardness range of about 1230
SCuU.

The immediate release portion of the bi-layer tablet is
formulated to dissolve in aqueous media of low pH, such as
that found in the stomach, to quickly releasc 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, 9 and 10 below, the
immediate release portion of the bi-layer fablel resulls in a
maximum serum concenlration (Cmax) and time of maxi-
mum serum concentration (Tmax) equivalent to that of
immediaie release tablets.

The sustained release portion gels when exposed to media
of low pH allowing the sustained release portion of the tablet
to be passed into the intestinal tract. In the inlestines, the
gelled sustained release portion is exposed to media of a
higher pH, causing the gel to slowly dissolve, thereby
allowing guaifenesin to diffuse and dissolve out of the gelled
matrix. This results in controlled biocavailability over an
extended time period (i.e. 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 lablet is increased
to more than 3 hours and the tablet has an AUCInf (the area
under a plasma concentration versus time curve from time 0
to infinily) 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 to 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
exhibits plasma concentration profile that is approximately
directly proportional to ihat of a higher dosage sirength
guaifenesin tablet also of the present invention. As further
demonstrated in EXAMPLE 7 and FI1G. 11, the bi-layer
tablets of the present invention had another surprising result
in that the Cmax and AUCinf of a 1200 mg tablet admin-
istered 10 volunteers who had been fasting and the Cmax and
AUCinf of a 1200 mg tablet administered to volunteers who
bad consumed a high fal meal were approximately equiva-
lent. Thus, a hi-layer tablet of the present invention dem-
onstrates a reduced food effect, being approximately equally
effective when administered to a patient on an empty or full
stomach.

EXAMPLE 1

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

Components Weight per Tablet
GUAIFENESIN DC 1260 mg
METHQCE]L E10M 30 mg
EMERALD GREEN LAKE 4 mg
Magnesinm Stearate 6.8 mg
Opadry Y-5-3-7413 13.01 mg

Another baich of sustained release guaifenesin tablets,
Lot# 7LR-32FC, with the following composition was pre-
pared:

Components Weight per Tablet
GUAIFENESIN DC 1260 mp
METHOCEL E10M 30 mp
CARBOPOL 274P 15 mg
EMERALD GREEN LAKE 4 mg
Mapaesivm Stearate 6.8 mg
Opadry ¥-5-3-7413 13.16 mg

Six tablets from Lot 7LB-31FC and six lablets from Lot
TLB-32FC were tested for in vitro guaifenesin release vsing
an Acid/Base dissolution {slightly modified USP 23/NF
18<711> Drug Release using Apparatus 2). Six dissolution
vessels of a USP calibrated Hansoa dissolution bath,
equipped with shafis and paddles, were filled with 675 ml of
0.1N hydrochorlic acid at 37.0° C. The bath and vessels
were maintained at a temperature of 37.0+0.5° C. through-
out the 12 hr. dissolution iest. The paddles were set to rotate
at 50 RPM and slowly lowered inlo the vessels. One tablet
of lot 7LB-31 was then dropped into cach vesscl.

Al 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 filler
into glass HPLC vials. lmmediately after the two hour
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samples were withdrawn, 225 mL of 0.2M sodium phos-
phale tribasic was added lo each vessel to increase ithe
solution pH fo about 6.8. The dissolution was run for ten
more hours, 2.0 mL samples being withdrawn from cach
vessel at the 4 br., 8 hr.,, 10 br., and 12 hr. intervals. The
filtered samples from each sampling interval were then run
on an HPLC to determine percent guaifenesin released from
eacH tablet al 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 7L.B-31

Vessel # 1 HR 2 HR 4 HR 8 HR 10 HR 12 IR
1 28 38 55 77 84 BR

2 27 30 54 75 81 86

k] 22 37 s0 73 78 85

4 23 a3 47 6t 73 75

5 25 36 52 75 81 86

& 24 35 4G 74 81 87
Average 24.5 36.3 51.2 73.0 79.7 85.2
Vessel # 1 HR 2HR 4 HR 8 HR 10 HR 12 HR
1 25 35 42 54 59 64.0
2 24 a5 42 55 61 66

3 26 a8 45 59 65 62

4 24 35 42 54 60 65

5 24 35 43 54 i 64

6 22 34 as S0 55 59
Average 24.3 35.7 42.0 54.3 5.8 64.5

Both formulations demonstrated sustained relcase of
guaifenesin over a 12 hour period. Lot 71.B-32FC demon-
sirated identical release properties to Lot 7LB-31FC in 0.1N
HCI. 1n buffered solution, however, Lol 7LB-32FC, the lot
comprising a 2:1 ratio of METHOCEL E10M to CAR-
BOPOL 974P, demonsirated a statistically slower release
than ILot 7LB-31FC, comprising METHOCEL E10M and no
CARBOPOL 974P. A slower release rale in vilro lranslates
to a slower, more controlled release 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 71.B-32FC and 7LB-31FC with currenily avail-
able guaifenesin dosage forms. One immediate release
tablet, ORGANIDIN NR, and two susltained release tablets,
HUMIBID L.A. and DURATUSS, were subjected to the
same dissolution study as described for lots 7LBO31FC and
7LB-32FC in Example 1 above. The following is a sammary
of the resulis which are also depicted in FIG. 5.
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-continued
ORGANIDIN NR HUMIBID LA,  DURATUSS Sub- Formu- Tz  Come  AUCo.z Tia AUC,
% guaifenesin % guaifenesin % guaifenesin ject lation (hr)  {pg/ml}y (w*pg/ml) (hs)  (hr*ug/ml)
released released released
DIN NR
1 Hr 100 6 24 Ratic 7LB- 95.24  36.30 59.60 448.27 70.35
2 Hr 103 51 35 (%) 31FCYIR
4 HR 104 72 47 Ratic 71B- 7143 4497 73.47 71882 SB.86
8 HR 103 g1 75 (%) 32FCAR
10 HR 103 96 86 10
12 HR 105 10 92
Subjects given the 1200 mg formulation 7LB-32FC
. : i i reached maximum plasma guaifenesin concentrations of
The immediate release ORGANIDIN released 100% of 1™ o r 740"y 95 hours and had an AUCHnE of 7663
guaifenesin content within the first hour of dissolution. The \ . :
. , 15 hr*ug/mL. The subjects given formulation 7LB-31FC
two sustaincd relcase dosage forms which are currently . . . .
available both demonstrated a slower release of guaifenesin. reached maximum plasrua gua.lfenesm. concenlralm:ls of 821
However, both the HUMIBID LA and DURATUSS released ~ ~&/ME in 1.67 hours and had an AUCinf of 5453 hr*ug/mL.
guaifenesin more rapidly than either Lot 7LB-31FC or The subjects given the unl:nedvlale release torm'ulatlop,
JLB-32FC. Both HUMIBID LA and DURATUSS would,  ORGANIDIN NR, reached maximum plasma guaifenesin
therefore, exhibit a faster rate of release apd thus a shorter 20 concentrations of 2263 ug/mL in 1.75 hours (‘.?' subjects
fived therapeutic effect in vivo, peaked at 0.5 hours after the first dose and the third peaked
at 0.25 hours after the second dose at 4 hours) by and had
<AM an AUCInf of 7752 hr*ug/mL. The two conirolled release
E PLE 3 formulations demonstrated sustained release in that their
The in vivo behavior of sustained release tablets of Lot 25 half-lives were longer, 5.77 hours for the 7LB-32FC and
7LB-31FC and Lot 7LB-32 FC from Example 1 were 3.59 hours for the 7LB-31 FC 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  Boih formulations 7LB-32FC (with both METHOCEL
mvolv'ed 9 healthy volunteers averagmng 38+11.01 yeal'"s of o E10M and CARBOPFOL 974F) and 7LB-31FC (with
age with a range of 23 years T.D_ 55 years of age. The subjects METHOCEL E10M only) control tile release of gnaifenesin
wclghed' 175.56x24.22 1bs. with a range of 143 to 210 lbs. from the fablet compared to the immediale release
Ont? sub]ecl.was f‘::malc and the remainder were male. Each ORGANIDIN NR. Formulation 7LB-32FC, the formulation
subject recel_vcd cllhcr' one 1200 mg dose of one of the two containing a 6:1 raiio of METHOCEL E10M to CAR-
above described sustained release lablets or 400 mg every  ROPQOL.974P, had the longest half life at 5.77 hours with the
four hours for 3 doses of the immediate release formulation. 35 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 to 12 hours after dosing. All blood samples werc relcase ORGANIDIN NR.
chilled and centrifuged within 30 minutes of being drawn. 20
The plasma was scparated, transferred to a polypropylene EXAMPLE 4
tube, frozen at -20° C. or below and stored frozen until
being shipped for guaifenesin analysis. Three different modified release tablet lots were prepared
The plasma samples were analyzed by a fully validated with the following compositions:
HPLC method. The results arc depicted in FIG. &. This 45 Modified Release Formulation 1, non-layered tablet
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 arc below. Components Weight per Tablet
50 GUAIFENESIN DC 1260 mg
MEFHOCEL RE10M 40 mg
CARBOPQL 974F 20 mg
Sub- Formu- Taix  Cmsx AUCs gz T AUCy, Emerld Green Lake 4 my
ject lation (hr) (ug/mbt) (br*pg/ml)  (hrs)  {hr*pp/ml) Magnesium Stearate 6.8 mg
1 7LB-31FC 2.00 82702 481720 4,04 6330.25 55
g ;ig-i% i-gg gg;ﬂﬁi :ﬁg-fi g-:i ig;;g Modified Release Formulation 11, bi-layered, 400 mg IR and
4 7LB-32FC 05 62548 303431 S78 513445 800 mg MR IR Formulation
§ 7LB-32FC 100 1052.00 587246 5.90 8208.33
6  7LB-32FC 2,00 1372.00 7924.35 553 0557.78
7 ORGANI- 050 214000  6921.94 0.86 7009.68
DIN MR IR Forpulation
8 ORGANI- 425 181700 6598.26 0.73 6674.65
DIN NR Components weight per Tablet
9 ORGANI- 050 2831.00 9389.76 0.81 957091
DIN NR GUAIFENESIN DC 421 mg
Mean 7LB-31FC  1.67  821.37 4551.74 3.59 5453.20 Microcrystalline Cellulose 40 mg
Mean FLB-32FC  1.25 1016.49  5610.37 577 7663.49 05 (AVICEL)
Mean ORGANI- 1,78 2262.67 7630.65 _O.SD 7751.74 Sodinm Starch Glycolate 60 mg
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~continued

IR Formulation

Compocects ‘Weight per Tahlet

(EXPLOTAE)

Magnesium Stearate 2 mg

SE Formulation

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

Modified Release Formulation 11, bi-layered, 600 mg IR
and 600 mg SR 1R Formulation

IR Formulation

Components Waight per Tablel
GUAIFENESIN DC 630.8 mg
Microerystalline Cellulose 353 mg
(AVICEL)

Sodium Starch (ilycolate 0.1 mg
(EXPLOTAR)

Magnesiuvm Stearnte 3 mg

SE Formulation

Components ‘Weight per Tablet
GUAIFENESIN DC 630.8 mg
METHOCEL E10M 40 mg,
CARBOFPOL 974P 20 mg
Emerald Green Iake 4 mg
Magnesium Stearate 6.8 mg

The in vivo behavior of each of the three modified release
tablets and an immediate release formulation (ORGANIDIN
NR) werc comparcd. The open-label study involved 15
healthy voluntcers averaging 31.67+11.89 ycars of age with
a range of 20 ycars to 51 ycars of age. The subjects weighed
162.00:25.05 Ibs. with a range of 123 to 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-
istered Modified Formulation 111

Blood samples {7 ml with sodium heparin as
anticoagulant) were taken prior lo 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 scparated, transferred to a polypropylene
tube, frozen at —20° C. or below and stored frozen until
being shipped for guaifenesin analysis.

The plasma samples were analyzed by a fully validaled
HPLC method. The results are depicted in FIG. 7. This
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resulting plasma concentration v. time data was subjecied to
pharmacokinectic analysis using non-compartmental analysis
wilth Winnonlin 1.5. The results of the pharmacokinetic
parameters analysis are below.

Toax  Comax AUC, ,, T,p AUCy,;
Forplation (ar) (ug/mL) (br*ag/ml) (hes)  (hréug/ml)
Mean ORGANI- C.20 2609.40 8768.40 1.28 2082.78
DIN NR
Mean MR L 2,30 163140  5549,30 2.88 604,95
Mean MR I 230 2415.40 7304.38 1.48 7509.78
Mean MR [II 1.95 293800  8904.62 2.05 2161.03

Modified Formulations 11 and 111 exhibited a Cmax more
comparable to the immediale release 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 tablels
showed an improved serum concentration of guaifenesin and
an increased overall concentration with time, their half-life
was compromised.

EXAMPLE 5

A digsolution study was run to compare dissolution pro-
files of Formulation 1, Formulation I1 and Formulation 111
prepared as defined in EXAMPLE 4 above, and Formulation
1V, a bi-layer tablet lot with 200 mg IR and 1000 mg SR
prepared with the following composition:

IR Formulation

Componenis Weighl per Tablel
GUAIFENESIN DC 211 mg
Micracrystailine Celinlose 118 mg
{AVICEL) .
Sodinm Slarch Giycolake 30 mg
{EXPLOTAB)
Magnesium Stearate 1 mg
SR Formulation
Components ‘Weight per Tablet
GUAIFENESIN DC 1053 mg
METHOCEL E10M 25 mg
CARBOPOL 974P i2.5 mg
EMERALD GREEN LAKE 3.3 mg
Magnesivm Slearale 5.7 mg

The following is a summary of the results which arc also
depicted in F1G. 8.

Formuiation [ Formulation 1T Formulation [If Formulation [V

% relepsed % releasad % 1eleased % released
1 bz 22 45 38 29
2 hr 34 54 46 38
4 hr 43 65 56 48
6 br 50 70 61 53
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Formulation 1 Formulation I Formulation I Formulation [V Toax  Coae AUCh .. Tie AUCqr
% released % released % released % released s Formulation  (hr) {ug/mL) (hr*ag/mLl) (hrs.} (hrpg/ml)
& hr iR 73 &6 60 Mean ORGANI- 2.03 227820 F751.23 0.88 T962.14
10 hr 62 78 70 66 DIN NR
12 ar 66 81 75 71 Menn Bi-layered 0.86 2349.6 §202.47 361 525924
Tablet
Formulation 1, the non bi-layered tablet, demonstrated the 10
slowest release of GUAIFENESIN. Formulation 11 and
Formulation 111 had the fasiest rates of release and would, The results of the testing are depicted in F1G. 10.
therefore, exhibit a fasier rate of release and thus a shorter
lived therapeutic effect in vivo. Formulation 1V has a rate of
relcase which was-faster than Formulation I, comprising no 13 The 200/1000 mg bi-layered tablet exhibited a Cmax and
immediate release blend, but slower than Formulation I and a AUCiInf equivalent to that of the immediate releasc blend,
Formulation 11I both comprising more immediate release a short Tmax and an extended haif-life. Thus, a bi-laycred
blend than Formulation 1V. lablet with 200 mg guaifencsin in the immediate release
formulation and 1000 mg of guaifenesin in the suslained
EXAMPLE 6 20 release formulation results in a tablet which delivers a high
L . . - serum concentration in a short period of lime, yet maintains
The in vivo bcl:.lavmr of Fo_rmulallou 1V bi-layered tablets, an effective concentration of gul;ifcnesin in thcyblood stream
prepared as described above in EXAMPLE 5, was compared for a full twelve hours
to an immediate release formulation (ORGANIDIN NR). -
The open-label, muliiple dose, randomized, 2-way crossover 25
study involved 26 healthy voluateers averaging 31.3129.81
years of age with a range of 19 years to 50 years of age. The EXAMPLE 7
subjects weighed 166.77-29.83 1bs. The subjects were placed
into one of two treaiment groups. Group 1 received Formu-
lation 1V tablet with 240 mL of water after an overnight fast 30 A study was performed to examine the relative bioavail-
eyery 12 hours for 5 days and a single dose on day 6. Group ability of two different dosage strengths of modified release
2 received 400 mg of ORGANIDIN NR (2x200 mg tablets) guaifenesin formulations of the present invention as well as
with 240 mL 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. ¢sin formulation of the present invention in normal, healthy
Rlood samples (5 mL wilh sodium hcparin as 35 male and/or female volunteers. Two batches of guaifenesin
anlicoagulant) were {aken priorto dosing ondays 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 obtained at 0.5, 0.75, 1,
1.5,2,3,4,4.5,475,5,5.5,6,7, 8,85,875,9,9.5,10. 11, )
and 12 hours after the initial dose. On Day 6, additional 40 600 mg Tablet
blood samples (5 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 IR Formulat
after the initial dose. Plasma was separated and the plasma — lation.
frozen until analyzed for guaifcnesin content. The resulling 43 Components Weight per 200,000 ‘Iablets
plasma concentration data was subjceted to pharmacokinetic
and statistical analysis in order to giel.erminc if the sustained ﬁ}fj}_}fﬁ?jﬁﬂ Eﬁmlosc ﬁgg kkg
release tablets performed as conirolled release tablets at {AVICEL PH102)
steady state. Sodium Starch Glycolate 300 kg
The results of the pharmacokinetic paramelers analysis =0 ﬁf;ﬁfﬁ)m,m 0.10 kg
are below. .
Averaged Testing - 11 Twelve-Hour Iptervals 35
SR Formuiation
T, AUC T AUC;
Formulation (}:.aj‘ O;}?;’L) (hr*#g?;i) (h;::) (hT*”ngl;nifL> Compensnls Weighl per 200,000 Tablsts
Mean ORGANI- 1.69 246320  83B1I93 078 851851 GUAIFENESIN DC 10527 kg
DIN NR . 60 Hydroxypropy! Methyl 2.50 kg
Mean Bi-layered 105 211138 7R7S.68 331 BSSG.O8 Cellulose (METHOCEL
Tablet E30M)
Carbomer (CARBOPOL 1.25 kg
974P)
The results of the testing are depicted in F1G. 9. m%?;“ #1 Aluminum 0.33 ke
i ’ &5 Magnesivm Stearate 0.57 kg
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1200 mg Tablet

IR Formulation

Components Weight per 100,000 Tablets
GUAIFENESIN DC 21.05 ke
Microcrystallice Celiulose 11.75 kg
(AVICEL PH102)

Sedium Starch Glyoalate 300 kg
(EXPLOTAR)

Magnesium Stearate 0.1C kg

SR Formulation

Componcnts Weight per 100,000 Tablets
GUAIFENESIN DC 10527 kg
Hydroxypropyl Methy! 2.50 kg
Cellulose (METHOCEL

E10M)

Carbomer (CARBOPOL. 1.25 kg

y74L)

FD&C Blue #1 Aluminum 0.33 kg

Lake Dye

Magnesium Stearate 057 kg

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

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 afier dosing), and the 1200 mg tablet
administered lo volunteers afiler a high fat meal (consumed
within 30 minutes of dosing) were compared. The open-
label study involved 27 healthy volunteers between the ages
-0f 18 and 55. The subjects weighed within 15% of their Ideal
Body Weight as defined by the 1983 Meltropolitan Life 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 receiving a 1200 mg tablet after
consuming a high fat meal for Period 1 of the trial. Afier
completion of Period 1, the volunieers were crossed-over for
Period 2 (e.g. so that the 9 volunteers who had been
receiving the 600 mg tablet in Period I received the 1200 mg
tablet while fasting in Period 2). Afier completion of Period
2, the volunieers were crossed-over again into their 3rd and
final treatment group (i.e. the 9 volunteers 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 Period 3). Each
volunteer was administered one dose of the appropriate
lablet and then monitored over a 16 hour period.

Blood samples (7 mL with sodium heparin as
anticoagulant) were taken about one hour prior 1o dosing and
al specific intervals up 10 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 to a
polypropylene tube, frozen at —20° C. or below and stored
frozen until being shipped for guaifenesin apalysis. The
volunieers were then given at least a seven day washout
_ period (where no guaifenesin was administered to them
under the study) prior to being crossed-over lo the next
reatment group.
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The plasma samples were analyzed by a fully validated
HPLC method. The results are depicted in FIG. 11. This
resulling plasma concentration v. time data was subjecied to
pharmacokinetic analysis using non-comparimental analysis
with Winnonlin 1.5. The resvlts of the pharmmacokinetic
paramelers apalysis are below.

Tmax Cmax AUCO—]Z T:lm AUCI:H’
Formulation  (hr) {(ue/mL) C(hregg/mL) (brs) (hr™ug/mlL)
Mean 600 mg .81 1074.26 3623.03 2.33 3676.23
Fasted
Mepn 3200 mg 0.94 1948.62 7483.20 3.33 7912.61
Fasted
Mean 1200 mg Fed 2.18 1988.08 7424.20 0.51 7435.29

The 600 mg tablet demonstrated a scrum profile approxi-
mately directly proportional to the serun profile of the 1200
mpg tablet. The Cmax of the 600 mg tablet was about 55%
that of the 1200 mg tablel. The AUC,_,, of the 600 mg tablet
was about 48% that of the 1200 mg tablet and the AUCInf
of 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 bioavail-
ability and serum concentration of guaifenesin. The Cmax of
the 1200 mg tablel adminisiered after a high fat meal (fed
tablet) was about 102% of the Cmax of the 1200 mg tablet
administered after fasting (fasted tablet). The AUCo,_,, of
the 1200 mg fed tablet was about 999 that of the fasted
tablet and the AUCing of the 1200 mg fed tablet was about
94% that of the fasted tablet.

Ciher 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 wilh the true scope and spirit of the mmvention
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 embodiments can be easily made
within the scope of this invention as defined by the following
claims.

‘What is claimed is:

1. A modified release tablet having two portions, wherein
a first portion comprises a first quantity of guaifenesin in an
immediate release form which becomes {ully bioavailable in
the subject’s stomach and a second portion comprises a
second quantity of guaifenesin and a release-delaying matrix
comprising a hydrephilic polymer and a water-insoluble
polymer wherein the weight ratio of said hydrophilic poly-
mer to said water-insoluble polymer is in the range of from
about 1:1 to aboul 6.8:1, wherein said lablet demonstrales s
Couax in @ human subject equivalent to the C,, . oblained
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 tablet also provides therapeutically effective bioavail-
ability for at least twelve hours after a single dose in a human
subject according to serum analysis.

2. The modified release tablet of claim 1 wherein said
hydrophilic polymer is selected from the group consisting of
acacia, gum tragacanth, locust bean gum, guar gum, karaya
gum, modified cellulosic, methylcellulose,
hydroxymethylcellulose, hydroxypropyl methylcellulose,
bydroxypropyl cellulose, hydroxyethylcellulose,
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carboxymelthylcellulose, agar, pectin, carrageen, alginate,
carboxypolymethylene, gelatin, cascin, zcin, bcntonite,
magnesium aluminum silicate, polysaccharide, medified
slarch derivatives, and a combination thercof.

3. The modified release tablet of claim 1 wherein the
water-insoluble polymer is selected from the group consist-
ing of polyacrylic acids, acrylic resins, acrylic latex
dispersions, cellufose acetale phthalate, pelyvinyl acetate
phthalate, hydroxypropyl methylcellulose phibhalate and a
combination thereof.

4, The modified release tablet of claim 1 wherein said
hydrophilic pelymer is hydroxypropyl methylcellulose and
said water-insoluble polymer is an acrylic resin.

5. The modified release tablet of claim 1 wherein said
tablct additionally comprises an additive selected from the
group consisting of magnesjum stearate, calcium stearate,
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, polyethylenc
glycol, Pullulan, corn syrup, colloidal silicon dioxide, talc,
sodium lauryl sulfate, dioctyl sodium sulfosuccinate,
tricthanclamine, polyoXyethylene sorbitan, poloxalkol,
quarternary ammonium salis, mannitol, glucose, fructose,
xylose, galactose, maliose, xylitol, sorbitol, potassium
chicride, potassium sulfate, potassium phosphate, sodium
chloride, sodium sulfate, sodium phosphate, magnesium
chloride, magnesium sulfate, magnesium 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 niicrocrystalline cellulose, sodium starch
glycolale 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 claim 1 wherein the total
quantity of guaifencsin is 600 mg.

9. The modified rclease tablet of claim 1 whercin the total
quantity of guaifenesin is 1200 mg.

10. The modified release tablet of claim I wherein the
Conaer AUC,,p and AUC ;, are approximalely proportional
to dosage strength.

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

12. The modified release tablet of claim 1 or 7 wherein the
ratioc 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 ¢ wherein the
C,ee Of said tablet is from about 1600 to 2500 ug/ml. and
said tablet has an AUC, of from aboul 5600 to 8750
hr¥ug/mL.

14. The modified release tablet of claim 9 wherein the
Cppan 0f said lablet 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,pa Of said tablet is from about 800 to 1250 gg/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,su Of said tablet is at least 1000 ug/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 serum analysis, of at least
3 hours.

18. The modified release tablet of claim 1 wherein the
second portion comprises about 95.5% by weight of
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guaifencsin DC, about 2.4% by weight of hydrophilic poly-
mer aad about 1.2% by weight of waler-insoluble polymer.

19. The modified release tablet of claim 1 wherein said
first and second portions each comprise abutiing subsian-
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.

2%. The modified release tablet of claim 1 which is
approximately equally effective when administered to a
patient on an empty or full stomach.

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

23. The madified release tablel 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 methylccllulose, and from
about 1.1% to about 2.9% by weight of an acrylic resin.

24. A modified release product having two portions,
wherein a firsi portion comprises a first quantity of guaifen-
esin in an immediate release form which becomes fully
bicavailable in the subject’s stomach and a second portion
comprises a second guantity of guaifenesin in a sustained
release form wherein the ratio of said first quantity to said
second quantity provides a C,, .. in 2 human subject equiva-
lent to the C,,.. obtained when the first of three doses of a
standard immediate release formulation having one third the
amounl of guaifenesin is dosed every four hours over a 12
hour period and wherein said product also provides thera-
peutically effective bicavailability for at least twelve hours
after a single dose in a human subject according lo serum
analysis.

25. The modified release product of claim 24 wherein the
total quantity of guaifenesin is from about 600 mg to about
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 guaifenesin is 1200 mg.

28. The modified release product of claim 24 wherein the
Craer AUC, r and AUC,_;; are approximately proportional
to dosage strengih.

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

3{). The modified release product of claim 29 wherein the
ratic of said first quantity of guaifenesin to said quantity of
second quantity of guaifenesin is about 1:5.

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

32. The modified release product of claim 27 wherein the
C,uax Of said product is at least 1900 pg/mL and said product
has an AUC,,; of at least 7000 hr*zeg/mL.

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

34. The modified release product of claim 26 wherein the
C, .z Of said product is at least 1000 pg/mL and said product
has an AUC,,,; of at least 3500 hr*ug/mL.

35, The modified release product of claim 24 wherein said
product has a half life, according to serum analysis, of at
leasl three hours.

36. The modified release product of claim 24 wherein said
first and second portions cach comprise -abulting substan-
tially planar layers which form a bilayer tablet.
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37, The modified release preduct of claim 24 wherein said
first portion is provided as a coating on said second portion.

38. The modified release product of claim 24 which is a
capsule conlaining 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 empty 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 iwa portions,
wherein a first portion comprises a first quantity of guaifen-
esin in an immediate release form which becomes fully
bicavailable in the subject’s stomach and a second portion
comprises a second quantity of guaifenesin in a sustaincd
release form wherein the ratio of said first quantity to 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,.... 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 therapeuti-
cally effective bioavailability for at least twelve hours afier
a single dose in a human subject according to serum analy-
sis.

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

43. The modified release product of claim 41 wherein the

-total quaniity of guaifenesin is 600 mg.

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

45. The modified release product of claim 41 wherein the
Coxr AUC,, - and AUC, ;. arc approximately proportional

- to dosage strength.
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46. The modified release product of claim 41 wherein the
ratio of said first quantily of guaifenesin to said quantity of
sccond quantity of guaifencsin is about 1:5.

47. The medified release product of claim 44 wherein the
C,zr Of said product is from aboul 1600 to 2500 s#g/mL and
said product has an AUC,,, of from aboul 5600 to 8750
bhr¥pg/mlL.

48. The modified release product of claim 44 wherein the
Conec Of said product is at least 1900 pg/mi. and said product
has an AUC, , of at least 7000 hrgg/mL.

49. The modified release product of claim 43 wherein the
C,... Of said product is from about 800 to 1250 g#g/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,.... of said product is at least 1000 ug/mL and said product
has an AUC, ; of at least 3500 hr¥ug/mL.

51. The modified release product of claim 41 wherein said
product has a half life, according to serum analysis, of at
leasi three hours.

52. The modified release product of claim 41 wherein said
first and second portions cach comprise ahutting 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 portion.

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

55. The modified release product of claim 41 which is
approximately equally effective when administered 1o a
patient on an empty or full stomach. :

56. The modified release product of claim 44 which has
the serum guaifenesin conceniration profile of FI1G. 10.

* * * * *
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It is certified that error appears in the above-identified patent and that said Letters Patent is
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Column 22
Line 51, after “8750”, change “hrl xg/mL” 0 -- hrl*ug/mL --.
Line 56, change “300” to --800 --,

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

Signed and Sealed this
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Altrest;

JAMES E. ROGAN
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It is certifiad that error appears in the above-identified palent and that said Lstters Paisnt is
hereby corrected as shown below:

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

Column 13,

Line 54, change "(ug/ml)" to — (ng/ml)--, "(hr*pg/ml)" to -- (hr*ng/ml) --,
"(hr*pug/ml)" to -- (hr*ng/ml) --;

Column 14,

Line 5, change "(pg/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/ml —;

Line 17, change "ug/ml" t0 -- ng/ml, -- "hr* pg/ml" to -- hr¥*ng/ml --;
Line 20, change "pg/ml" to -- ng/ml -3 :

Line 23, change "hr¥ug/ml" to -- hr*ng/ml --;
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Line 9, change "(ng/ml)" to - (ng/ml) --, "(hr*pg/ml)" to -- (hr*ng/ml) --,
"(hr*pg/ml)" to -- (hr*ng/ml) --;

Column 17,
Line 58,change "(ug/ml)" to -- (ng/ml) --, "(hr*pug/ml)" to -- (hr*ng/ml) --,
"(hr*pg/ml)" to -- (hr*ng/ml) --;

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

Column 20

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

Line 31, change "AUC0q.12" to -- AUCp.q2 —-;
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It is certified that error appears in the above-identified patent and that said Letters Patent is
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Column 21,
Lines 51, 55, 58 and 61, change "pg/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/ml” to -- hr*ng/mi --;

Column 24
Lines 5, 9, 10, 12 and 16, change "pg/ml" to -- ng/ml --;
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Signed and Sealed this
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JAMES E. ROGAN
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It is certified that error appears in tha above-identified patent and that said Letters Patent is
heraby corrected as shown below:

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

Column 13,

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

Column 14,

Line 5, change "(pg/ml)" 10 -- (ng/ml) -, "(hr pg/ml)" to -- (hr*ng/ml) -,
"(hr*pg/ml)" to -- (hr*ng/ml) --;

Line 14, change "pg/ml" 0 -- ng/ml -

Line 15, change "hr*ug/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*pug/ml"” to -- hr*ng/ml --;
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Line 58, change "(ug/ml)" to -- (ng/ml) --, "(hr*pg/ml)" 1o - (hr*ng/mil) --,
"(hr*pg/ml)" to -- (br*ng/mi) --;

Column 18,

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

Column 20

Line 10, change "(pg/ml)" to -- (ng/ml) --, "(hr*pg/ml)" 10 -- (hr*ng/ml) --,
"(hr*pg/ml)" 1o -~ (hr*ng/ml) --;

Line 31, change "AUC0q.12" t0 - AUC.40 -
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57) ABSTRACT

The invention relates to a novel pharmaceutical sustained
release formulation of guaifenesin and at least one additional
drug ingredient. The formulation may comprise a hydro-
philic polymer, preferably a hydroxypropy! methylcellulose,
and a water-insoluble polymer, preferably an acrylic resin, in
a ratio range of about one-to-one (1:1) fo aboul nine-to-one
(9:1), more preferably a range of about three-to-two (3:2) 1o
about six-lo-one (6:1), and most preferably in a range of
about two-to-cne (2:1) to about four-to-one (4:1) by weight.
This formulation capable of providing therapeutically effec-
tive bioavailability of guaifenesin for at least twelve hours
after dosing in a human subject. The invention also relates
1o a modified release product which has two pontions: a first
porticn having an immediate release formulation of guaifen-
esin and a second portion having a sustained release formu-
lation of guaifenesin, wherein one or both porticns has at
least one additional diug ingredient. The modified release
product has a maximum gnaifenesin serum coucentration
equivalent to that of an immediate release guaifenesin tablet,
and is capable of providing therapeutically effective bio-
availability of guaifenesin for at least twelve hours after
dosing in a human subject.
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TABLETTING

COMFRESS THE RESULTING
GRANULATION INTO TABLETS.

b

BLENDING

BLENE THE SCREENED GRANULATION
WITH ADDITIONAL METHOCEL E10M,
CARBOPQL 874P, MAGNESIUM
STEARATE, AND A COLORANT

4

MILLING AND SCREENING

MILL THE DRIED GRANULATION
THROUGH AMESHED SCREEN.

'y

FLUID BED DRYING
DRY THE WET GRANULATION.

a

GRANULATION

MIX GUAIFENESIN WITH
METHOCEL E10M AND WATER.

FIG. 1
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COATING

FILM COAT THE TABLETS WITHA
RAPIDLY DISSOLVING COATING.

|

TABLETTING

COMPRESS THE RESULTING
GRANULATION INTO TABLETS.

GRANULATING/BLENDING

BLEND TOGETHER GUAIFENESIN OC,
METHOCEL E10M, CARBOPOL 974P,
MAGNESIUM STEARATE, AND
ACOLORANT.

- FIG. 2
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TABLETTING

COMPRESS A PORTION OF THE
IMMEDIATE RELEASE BLEND ANDA
SUSTAINED RELEASE BLEND IN
ATABLET PRESS.

IMMEDIATE RELEASE PREPARATION

BLEND TOGETHER GUAIFENESIN DC,
SODIUM STARCH GLYCOLATE,
MICROCRYSTALLINE CELLULQOSE
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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—— MODIFIED RELEASE |
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SUSTAINED RELEASE FORMULATIONS OF
GUAIFENESIN AND ADDITIONAL DRUG
INGREDIENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continvation-in-part of U.8. 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 1nvention

The present invention is directed to a sustained release
formulation for oral administration comprising guaifenesin
and at least one drug ingredient and methods of manufacture
thereof. In particular, the invention is directed to a sustained
release formulation which maintains a therapeutically effec-
tive bloed concentration of guaifenesin and at least one drug
ingredient for a duration of at least twelve hours. The present
invention further relates to a modified release bi-layer tablet
containing guaifenesin and at least one drug ingredient
which demonstrates a maximum serum concentrajion
equivalent to an immediate release tablet yet maintains a
therapeutically effective blood concentration of guaifenesin
for a duration of about twelve hours.

2. Description of Related Art

Sustained release pharmaceutical formulations provide a
significant advantape over immediate release formulations
io both 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
(hereinafter *drg” or “medicament”) with a short half-life,
such as guaifenesin, may have to be administered 1o a patient
three times within 12 hours to maintain adequate bicavail-
ability 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 shorl window of appropriate blood
concentration of the medicament for optimum therapy. A
1200 mg sustained release dosage form, on the other hand,
may only have to be administered to a patient once every 12
hours to achieve therapeutic effect. Sustained reiease dosage
forms generally control the rate of active drug absorption, so
as 1o avoid excessive drug absorption while maintaining
effective blood concentration of the drug to provide a patient
with a consistent therapeutic effect over an extended dura-
tion of {ime.

Besides reducing the frequency of dosing and providing a
more consistent therapeutic effect, sustained release dosage
forms generally help reduce side effects cansed by a drug,
Because sustained release dosage forms detiver the drug in
slow, incremental amounts versus the cyclic high and low
concentrations of immediate release formulations, if is easier
for a patient’s body to digest the drug, thereby avoiding
undesirable side-effects. For patients who self-administer
therapics, sustained release dosage forms generally result in
greater compliance due to the lower frequency of dosing,
lower quantity of dosage units to be consumed, and reduced
undesired side-effects. ’
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Sustained release formulations for the sequential or timed
release of medicaments are well known in the arl. Generally,
such formulations contain drug particles mixed with or
covered by a polymer material, or blend of materials, which
is resistani to degradation or disintegration in the stomach
andfor in the intestine for a selected period of time. Relcase
of the drug may occur by leeching, erosion, rupture, diffu-
sion or similar actions depending upon the nature of the
polymer material or polymer blend used.

Conventionally, pharmaceuntical mamufacturers have used
hydrophilic hydrocolleid gelling polymers such as hydrox-
ypropyl methylcellulose, hydroxypropyl celluiose, or Pul-
lulan to formulate sustaimed release tablets or capsules.
Thesc polymers first form a gel when exposed to an aquecus
environment 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 in the intestines, however, it dissolves resulting in a
iess 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 ingredients 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 io manufacture dosage forms which demonstrate
sustained 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 effsct. Additionally, when the drug does appear,
its maximum serum concentration (C,,,.) is lower than the
maximum concentration required for the most effective
therapeutic result. Furthermore, most formulations which
claim twelve hour potency release almost all of their drug
within six to eight hours, 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 strength of the dosage form. The increasc in drug
strength, however, resulis in a concomitant increase in
side-effects.

To improve the release profile of certain sustained release
dosage forms, some pharmaceuntical 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 drug appears in the blood stream
in some formulations, the extended therapeutic effect is not
improved.

Furthermeore, every medicament has different solubility
properties and pH dependencies which affect its dissolution
rate, and hence its bioavailability. Bivavailability can also be
affected by a number of factors such as the amounis and
types of adjuvants used, the granulation process, compres-
sion forees (in tablet manufachuring), surface area available
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for dissolution and environmental factors such as agitation
in the stomach and the presence of food. Due to these
numerous factors, specific formulations play an important
role in the preparation of prelonged action solid dosage
forms, particularly in the preparation of solid dosage forms
which achieve appropriate bioavailability for optimum
therapeutic effect,

Guaifenesin is known chemically as 3-(2-
methoxyphenoxy)-1,2-propanediol. It is an expectorant, a
drug which inereases respiratory tract fluid sceretions and
helps to loosen phlegm and bronchial secretions. By reduc-
ing the viscosity of secretions, guaifenesin increases the
efficiency of a cough reflex and of ciliary action in removing
- accumulated secretions from trachea and bronchi. Guaifen-
esin is rcadily 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 excretipn of
guaifenesin, typical immediate release dosage tablets of
guaifenesin provide only a short window of therapeutic
effectiveness for paticots 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 arl has described a sustained release dosage
form of guaifenesin which has a €, equivalent to that of
an immediate releasc formulation, appears in the blood
stream as quickly as an immediate release formulation, yet
sustains therapeutic effect for at least twelve hours.

SUMMARY OF THE INVENTION

The present invention overcomes the problems and dis-
advantages associated with current strategies and designs in
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formulations of modified release guaifenesin dosage forms. -

This invention relates o a novel sustained release phar-
maceutical formulation comprising guaifenesin and at least
one drug ingredient. The susiained release formulation may
compzise a combination of at least one hydrophilic polymer
and at least one water-insoluble polymer. The total weight
ratio of hydrophilic polymer to water-insoluble polymer
may be in a range of about one-to-one (1:1) to about
nine-to-one (9:1), more preferably in a range of about
three-to-two (3;2) to about six-to-one (6:1), and most pref-
crably in a range of about two-to-one (2:1) to about four-
to-one (4:1). When a tablet comprising the sustained release
formulation is exposed ta an aqueons medivm of low pH,
such as that found in the stomach, the polymer combination
gels causing guaifenesin and the drug ingredient lo difTuse
from the gel. When the tablet passes to the intestines where
an aqucous medium of higher pH is present, the gel begins
to dissolve, thereby releasing guaifenesin and the drug
ingredient(s) in controlled amounts. The tablst is capable of
releasing therapeutically effective amounts of guaifenesin
over an extended period, i.e. twelve or more hours and at
least one additional drug ingredient immediately, over an
extended period, or both.

This invention also encompasses a modified release com-
position which comprises two discrete portions {eg. 2
bi-layer tablet, or capsule), an immediate release formula-
tion and a sustained release formulation. Each formulation
comprises a specific quantity of puaifenesin and may option-
aliy contain at least one additional drug. The immediate
relcase formulation i formulated to dissolve in aqueous
acidic medium, such as that found in the stomach, to quickly
release guaifencsin 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 hydrophilic polymer and a water-insoluble
polymer in a ratio range of about one-to-one (1:1) i@ about
nine-to-ome (9:1), more preferably a range of about three-
to-two (3:2) to about six-to-one (6:1), and most preferably
from about two-to-one (2:1) to about four-to-one (4:1).

The present invention also relates to sustained release
preparations of the type described above in the form of
capsules having beads or granules of both immediate release
formulation aond beads or graomules of sustained release
formulation. Alternatively, the sustained release formulation
may comprise a core that is coated by a layer of the
immediate release formulation to form a single tablet, For
purpose of illustration only, the invention will be described
in detail in the context of the bi-layered tablet embodiment.

The bi-layer tablet of the present invention demonstrates
a maximum serum concentration (C,,.,) and time of avail-
ability in the blood stream that are equivalent to an imme-
diate release tablet. The bi-layer tablet also provides sus-
tained release of guaifenesin over at least a twelve hour
pericd 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 additional drug ingredient can be formulated
within the sustained release formulation, immediate release
formulation, or both. In opne embodimeant, the bi-layer tablet
of the present Invention maintains Serum concentration
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 to methods of mamu-
facturing sustained release formulations and bi-layer tablets
of the present invention. An example of a manufacturing
mcthod for a sustained release formulation comprises mix-
ing a hydrophilic polymer and active ingredients in a mixer,
adding water to the mixture and continuing to mix and chop,
drying the mixture to obtain hydrophilic polymer encapsu-
lated granules, milling and screening the resulling
granulation, and blending it with various pharmaceuticat
additives, additional hydrophilic polymer, and water
insoluble polymer. The formulation may then be tableted
and may further be film coated with a protective coating
which rapidly dissolves or disperses in gastric juices.

An example of & bi-layer tablet manufacturing method
comprises blending a quantity of guaifenesin and optionally,
at least onc drug ingredient with various excipients,
colorants, and/or other pharmaceutical additives to form an
immediate release formulation, separately blending another
quantity of guaifenesin and at least one drug ingredient with
a hydrophilic polymer, a water-inspluble polymer, and vari-
ous excipicnts, 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 optionally coated with
a protective coating which rapidly dissolves or disperses in
gastric juices.

Other objects, advantages 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
leamed from the practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow diagram depicting steps in a wet granu-
Iation methed for manufacturing the sustained release for-
mulation of the present invention.
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FIG. 2 is a flow diagram depicting steps in a dry granu-
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 lablel of the present invention.

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

FIG. 5 is a graph demonstrating the dissolution profiles of
an immediate release dosage form and two sustained release
dosage forms of puaifenesin, 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 with three different guaifenesin formulations; an
immediate release formulation known in the art, and two
different sustained release formulations of the present inven-
tion.

FIG. 7 is a graph demonstrating the plasma concentration
of guaifenesin over lime in healthy human volunteers from
an immediate release tablet lot which is known in the an, a
non-layered modified release tablet lot of the present
invention, 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 release formu-
lation 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 non-layered, comprising 1200 mg of susteined
release formulation; another tablet is bi-layered, comprising
600 mg of sustained releasc 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 conceniration
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
art 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 inierval
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 inveution.

FIG. 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 preseni 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 to voluntecrs who had
been fed a high fat meal.

FIG. 12 is a graph demonstrating the dissolution profile of
dextromethorphan HBr as measured by three different
batches of a 1200 mg guaifenesin—60 mg dextromethorphan
tablet over a 12 hour period as measuted by the weight
pereeniage of dextromethorphan HEr dissolved over time.

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

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

FIG. 15 is a graph demonsirating the plasma concentra-
tions of the metabolite dextrorphan following the adminis-
tration of 1200 mg guaifenesin and 60 mg dextromethorphan
HBr to volunteers in three different formulations.

FIG, 16 is a graph demonstrating the dissolution profile of
pseudoephedrine HClin three different balches of a 1200 mg
guaifenesin- 120 mg pscudoephedrine HC] tablet formula-
tion pver a 12 hour period as measured by the percent
pseudoephedrine HCI dissolved over time.

FI1G. 17 is a graph demonstrating the plasma concentra-
tion of guaifenesin following the administration of 1200 mg
guaifenesin and 120 mg pseudoephedrine HCI 1o volunteers
separately and in formulations of the present invention,

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

DETAILED DESCRIPTION OF THE
INVENTION

The presenl invention encompasses a novel sustained
release formulation comprising guaifenesin and at least one
additional drug ingredient. This invention also encompasses
a modified release composition which comprises two dis-
crete porlions, an immediate release formulation and a
sustained relcase formulation. Each formulation compriscs a
specific quantity of guaifenesin and may optionally confain
at least one additional drug. The immediate release formu-
lation is formulated 1o dissolve in aqueous acidic medium,
such as that found in the-stomach, to quickly release
guaifenesin conlained within the portion, and optionally
quickly release the at least one additional drug ingredient. ln
a preferred embodiment, the sustained release formulation
comprises a combination of a hydrophilic polymer and a
water-insoluble polymer in a ratio range of about one-lo-one
(1:1) to about nine-to-one (9:1), more preferably & range of
about three-to-two (3:2) to about six-to-one (6:1), and most
preferably in a rapge of about two-tone (2:1) to about
four-to-one (4:1). '

The present invention also relates to sustained release
preparations of the type described above in the form of
bi-layered tablets or capsules having a combination of beads
or granules of immediate release formulation and beads or
granules of susiained release formulation. Alternatively, the
sustained release formulation may comprise a core that is
coated by a layer of immediate release formulation to form
a single tablet. For purpose of illustration only, the inventicn
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 poriions: one portion
comprising a sustained refease formulation and a second
porlion comprising an immediate release formulation. In a
preferred embodiment, the at least one additional drug
ingredient cam be present within the sustained release
formulation, the immediate release formulation, or both
depending upon the desired effect.

1. Sustained Release Formulation

1n one embodiment 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 bydrophilic polymer and at least one
water-insoluble polymer. In a further embodiment, the sus-
tained release formulation may comprise a combination of
guaifenesin and at least one additional drug ingredient,
wherein the additional drug ingredient includes, but not
limited to, an antitussive such as dexiromethorpban
bydrobromide, codeine, bydrocodone, a decangestant such
as pbenylephrine hydrochloride, phenylpropanolamine
bydrochloride, pseudoepbedrine hydrochloride or
epbedrine, an antibistamine such as chlorpbeniramine
maleate, brompheniramine maleate, phenindamine tarirate,
pytilamine maleate, doxylamine succinate, phenyltoloxam-
ine citrate, dipbenhydramine hydrochleride, promethazine,
and clemastine fumerate, an analgesic such as aspirin,
ibuprefen, naprosin, and acetaminophen, or combinations
thereof, Preferably, the drug ingredient is dextromethorphan
bydrobromide, pseudoephedrine hydrochloride, or a combi-
nation thereof.

Hydrophilic polymers suitable for use in the sustained
release formulation include: one or more patural or partially
or totally syntbetic bydrophilic gums such as acacia, gum
tragacantb, locust bean gum, guar gum, or karaya gum,
modified cellulosic substances such as metbylcellulose,
bydroxomethylcellulose, hydroxypropyl methylcellulose,
bydroxypropyl celiulose, hydroxyethylcellulose, carboxym-
ethbylcellulose; proteinaceous substances such as agar,
pectin, carrageen, and alginates; and otber hydropbilic poly-
mers such as carboxypolymetbylene, 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 bydropbilic polymers gel and dissolve slowly in
agueous acidic media thereby allowing the guaifencsin and
at least one drug ingredient 1o diffuse from the gel in the
stomach, When the gel reaches the intestines, it dissolves in
controlled quantities in the bigher pH medium, where the
guaifenesin and the drug ingredient are fairly absorbable, to
allow sustained release of guaifenesin and at least one drug
ingredient throughout the digestive tract. Preferred bydro-
philic polymers are the hydroxypropyl metbyleelluloses
such as those mamufactured by The Dow Chemical Com-
pany and known as METHOCEL ethers. In one preferred
embodiment of a sustained release formulation the hydro-
philic polymer is a METHOCEL ether known as METHO-
CEL E10M.

Water-insoluble polymers which are suitable for use in the
sustained release formulation are polymers which generally
do not dissolve in solutions of a pH below 5, and dissolve
- more slowly in basic solutions than the bydrophilic polymer.

Because the polymer is insoluble in low pH environments
such as those found in gastric fluid, it aids in retarding drug
release in those regions. Likewise, because the polymer
dissolves more slowly in solutions, of higher pH than
hydrophilic polymers, it aids in retarding drug release
throughout the intestines. This overall delayed release
results in a more uniform serum concentration of guaifen-
esin. :

The water-insoluble polymers suitable for use in this
invention include: polyacrylic acids, acrylic resins, acrylic
latex dispersions, cellulose acetate phthalate, polyvinyl

- acetate phtbalate, bydroxypropyl methylcellulose phthalate,
and other polymers common to those of skill in the anl. In a
preferred embodiment, a sustained release formulation com-
prises the acrylic resin CARBOPOL 974P supplied by BF
Goodrich.

A sustained release formulation of the present invention
may further comprise pharmaceutical additives including,
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but not limited to: lbricants such as magnesium stearate,
calcium stearate, zinc stearate, powdered stearic acid, bydro-
genated vegetable oils, tale, polyetbylene glycol, and min-
eral oil; colorants such as Emerald Green Lake and various
FD&C colors; binders such as sucrose, laclose, gelatin,
starch paste, acacia, tragacantb, povidone polyethylene
glycol, Pullulan and corn syrup; glidants such as colloidal
silicon dioxide and talc; surface active agents such as
sodium lauryl sulfate, dioctyl sodium sulfosuccinate,
trietbanolamine, polyoxyethylene sorbitan, poloxalkol, and
quarternary ammonium saits; preservatives and stabilizers;
excipients such as lactose, mannitol, glicose, fructose,
xylose, galactose, sucrose, maltose, xylitol, sorbitol,
chloride, suifate and phosphate salts of potassium, sodium,
and magnesium; and/or any other pharmaceutical add:itives
known io those of skill in the art. Colorants include, but are
not limited to, Emerald Green Lake, 'D&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 magnesium stearate and Emerald Green
Lake. In anotber preferred embodiment, a sustained release
formulation further comprises magnesium stearate and
FD&C Blue #1 Aluminum Lake Dye.

A sustained release formulation of the present invention
can comprise al least two drug ingredients, at least one
hydrophilic polymer, at least one water-insoluble polymer,
and at lcast one pbarmaceutical additive in any appropriate
percent quantity which permits dissalution of drug ingredi-
ents that results in a therapeuticaily effective serum concen-
tration profile for a full twelve hours. Im a preferred
embodiment, a sustained release formulation comprises
from about 75% to about 95% guaifenesin by weight, from
about 1% to about 15% by weight of a additional drug
ingredient, from about 1% to about 10% hydroxypropyl
metbylcellulose, from about 0.5% to ahout 2.5% acrylic
resin, from about 0.4% to aboui 1.5% magnesium stearate,
and from ahout 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 about 10% by weight of a
additional drug ingredient, from about 2% to about 5%
bydroxypropyl methyleellulose, from about 1% te about
1.5% acrylic resin, fram about 0.7% to about 1% magnesium
stearate, and from about 0.03% to about 0.13% colorani by
weight.

The present inventive sustained release formulation con-
trols release of guaifenesin and at least one additional drug
ingredient 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 (ie. stomach versus
intestinal tract) changes. In a more acidic environment, 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 tbrougbout tbe digestive tract is thus of primary
importance in determining concentrations of guaifenesin
attained in the blood and tissues as a drug formulation is
digested.

To maintain a blood concentration of guaifenesin which
provides good therapeutic effect, the release, or dissolution,
of gwaifenesin from a formulation matrix is preferably
retarded and/or controlled through the intestines. The com-
hination of hydrophilic and water-insoluble polymers of the
sustained release [ormulation 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 bigber pH, the gel
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begins to slowly dissolve thereby releasing guaifenesin at a
controlied rate.

Additionally, when at least one additional drug ingredient
is present in the combination of hydrophilic and water-
nsoluble polymers of the sustained release formulation of
the present invention, the additional drug ingredient diffuses

" from the gel when the combination gels when exposed to
media of low pH. As discussed above, when the gelled
polymer combination is exposed to media of a higher pH,
the gel begins to slowly dissolve thereby releasing at least
one additional drug 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 formuiated to mimic the blood
serum profile of the additional drug 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 water-insoluble polymer in a ratio of about
one-lo-one (1:1) to about nine-to-one (9:1), 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 (2:1) to
about four-lo-one (4:1). In another embodiment, the sus-
tained release formulation comprises not more than about
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-insaluble polymer is acrylic resin. The inven-
tors have discovered that the ratios result in a serum 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
known 1o those of skill int the art of pharmaceutical manu-

_ facture. In one embodiment, 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
guaifenesin. The resulting granulation may be milled,
screened, then blended with various pharmaceutical
additives, water insoluble polymer, and additional hydro-
philic polymer. The formulation may then tableted and may
further be film coated with a protective coating which
rapidly dissolves or disperses in gastric juices.

A preferred embodiment of a method 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 E10M and GUAIFENESIN may
be mixed for abou! seven minutes at a mixing speed of about
150 RPM and a chopper speed of ghout 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 arc added to the mixer contents.
The mixer may be run for two additional minutes to com-
plete granulation. In a [urther preferred embodiment, the
shut off for the mixer load is set to 2] kilowaits,

The wet granulation may be emptied into a fluid bed bow!]
and placed into a ftuid bed dryer set to a dryer air flow of 900
CFM and an inlet temperature of about 50° C. to about 55°
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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 to 43° C. until
the granulation 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 bow]l may be run
intermittently during drying, The dried granulation may be
passed through a mill fitted with a suitable screen size so that
not more 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 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
rale 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 magnesinm
stearate, and about 1.3 kg of CARBCGPOL 974P. The com-
bination may be blended for about three mimutes.

In another preferred embodiment of 2 method of prepar-
ing a sustained release formulation of the present invention
may comprisc loading about 10] 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 EIOM, about 1.5 kg to about 2.25 kg of
CARBOPOL® 974PF, 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 | kg to 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
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 optionally about 29 kg of water are added to the mixer
contents. If no water is added, then from about 1 kg to about
1.5 kg of magoesium stearate can be added at this time. The
mixer may be run for ten additional minutes to complete
granulation. In a further preferred embodiment, the shut off
for the mixer load is set to 2] kilowatts.

The wet granulation may be emptied into a fluid bed bow]
and placed into a fluid bed dryer set to a dryer air [low ol 300
CFM and an inlet temperature of about 38° C. to about 48°
C. until the outlet temperature increases at a rate of 1° C. per
minute. The air flow may then be decreased to 600 CFM,
and the inlet temperature may be decreased to 43° C. until
the granulation is dried to a moisture content of no more than
0.5%. In another preferred embodiment, the outlet tempera-
ture is set 1o a cut-off of 48° C. In yet another preferred
embodiment, an agitator in the fluid bed bow] may be run
intermittently during drying. The dried granulation may be
passed through a mill fitted with a suitable screen size so that
not more than about 30% of the resulting granulation comes
through a 100 mesh screen and not more than about 10% of
the resuliing 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 screen of about
0.109" 10 about 0.125" at a mill speed of about 500 to about
1500 RPM and a screw feed rate of about 35 to about 45
RPM.

The resulling 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
cmbodiment, 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.

Another embodiment of the method of preparing a sus-
tained refease 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, ilm coated with a protective coating
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 CARBOPOI. 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 stearate
may be added 1o the blended ingredients. This mixiure may
be blended for about another 10 minutes. The resulting
formulatior may further be compressed on & tablet com-
pressor machine using tooling to form tablets. The tablets
may be 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-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 vitro testing, the dissolution rates
of these tablels were compared against modified release
tablets formulated without acrylic resin {(Example 1), and
three commercially availtable 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 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 tablets comprising the sustained release formulation
of the present invention were compared with serum concen-
trations of subjects taking immediate release guaifenesin
tablets and modified release guaifenesin tablets formulated
without acrylic resin (see Example 3 and FIG. 6). Tablets
comprising the sustained release formulation of the present
invention demonstrated improved sustained release and
therapeutic concentration at extended time periods that the

other two formulations. However, in the subjects taking:

tablets comprising the sustained release formulation of the
present invention, it took longer for gnaifenesin 1o appear in
the blood stream and the maximum serum concentration
(C,0x) of guaifenesin in these subject was less than half of
thai of the subjects taking the immediate release tablets.
2. Modified Release Product

To improve the C,, . and speed of appearance of guaifen-
esin in patients while maintaining therapeuntic effect for at
least (welve hours, a portion of a sustained release formu-
lation of the present invention as described above may be
combined with 2 portion of an immediate release formula-
tion in & modified release preduct, In a preferred
embodiment, at least one additional drug ingredient can be
present within the sustained release formulation, the imme-
diate release formulation, or both depending upon the
desired effect. When using drug ingredients approved by the
Food and Drug Administration (FDA), the sustained release
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formulation, immediate release fornmilation, or both may be
formulated o mimic the blood serum profile of the addi-
tional drug as described in the clinical documents filed with
the FDA or as required by the FDA. In other words, the
sustained and/or immediate release formulations of the
modified release product may release the at least one addi-
tional drug at a similar rate 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 layer of the
immediate release formulation. For purpose of illustration
only, the invention will be described in detail in the context
of the bi-layered tablet embodiment.

The immediate release formulation may comprise
guaifenesin and various pharmaceutical additives such as
lubricants, colorants, binders, glidants, surface active agents,
preservatives, stabilizers, as described above and/or any
other pharmaccutical additives known 1o those of skill in the
ari. In one embeodiment, the immediate release layer com-
prises at least one drug ingredient. In ancther embodiment,
the immediate release layer comprises at least two drug
ingredients. In a more preferred embodiment, an immediate
release formulation comprises guaifenesin, microcrystalline
cellulose, sodium starch glycolate, and magnesium stearate.
ln another more preferred embodiment, an immediate
release formulation comprises guaifenesin, at least one drug
ingredient, microcrysialline cellulose, hydroxypropyl
methyleellulose, sodium starch glycolate, and magnesium
stearate. I yet another preferred embodiment, an immediate
release formulation may comprise about 47% to about 58%
guaifenesin, about 32% (o about 42% microcrystalline
cellulose, about 3% to about 8% sodium starch glycolate,
and about 0.3% to about 9.5% magnesium stearate by
weight. In yet another preferred embodiment, an immediate
release formulation may comprise about 47% to about 58%
suzifenesin, about 3% to about 5% of at least one additional
drug ingredient, about 32% to aboul 42% microcrystalline
cellulose, about 2% to about 3% hydroxypropyl
methylcellulose, about 3% to about 8% sodium starch
glycolate, and about 0.3% 1o about (L.5% magnesium stear-
ate by weight.

The bi-layer tablet may be manufactured according to any
method known to those of skill in the art. The resulting tablet
may comprise the two portions compressed against one
another so that the face of each portion is exposed as either
the fop 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 exposed. In a preferred embodiment, a
bi-layer tablet of the present invention 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-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 least
one additional drug ingredient is present, then water may be
added to the formwlation, as described above. In a further
preferred embodiment, appropriate quantities of GUAJFEN-
ESIN DC, microcrystalline cellulose, and sodium starch
glycolate are blended in a 10 cubic foot blender for about
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twenty minutes. An appropriate quantity of magnesium
stearate is then added to the ingredients and blended for
aboul ten more minutes to 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
tablets. In one embodiment, these tablets may further be
coated with a protective film which rapidly disintegrated or
dissolves in. gastiric juices.

The tablets may be made with any ratic of guaifencsin to
at least one additicnal drug ingredient which resulis in a
bleod profile demonstrating appropriate therapeutic effect
over extended time periods. As discussed above, the addi-
tional drug ingredient may be present in an amount sufficient
to mimic the blood serum profile of the commercially
available formulation of the drug and pot to exceed the
maximum dose approved by the FDA for the treatment,
prevention, or amelioration of a particular illness or disease.
In one embodiment, the ratic in the sustained release for-
mulation of guaifenesin to at least one additional drug
ingredient is about one point cne-to-pne (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-onc (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 20:1 by weight. When present in the immediate
release layer, the amount of the at least one additional drug
should be sufficient 1o match the drug release profile of the
additicnal drug within the sustained release profile. Within
this embodiment, the ratio in the immediate release formu-
lation of guaifenesin to at least one additional drug
ingredient, if present, is about four-to-one (4:1) to about
one-to-one (1:1), preferably, the ratio is about nine-to-one
(9:1) to about three-to-two (3:2), and more preferably, the
ratio of guaifenesin to at least one additional drug ingredient
is about nine-te-one (9:1) to about (12:1) by weight.

The tablets may be made with any ratio of suslained
releass to 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 guaifenesin is about ene-to-one (1:1) to
about 49:1 by weight, preferably the ratio is about three-to-
two (3:2) to abous 19:1, and more preferably, the ratio of
guaifenesin distributed within the sustained release formu-
lation and the immediate release formulation is about five-
to-one (5:1) to about nine-ta-one (9:1) by weight, respec-
tively. For example, in a 1200 mg bi-layer modified release
guaifenesin tablet of the present invention, there may be
aboul 200 mg of guaifenesin in the immediate release layer
and about 1000 mg of guaifenesin in the sustained release
layer.

The tablets may be made with af least one additional drug
only within the sustained release formmiation. Optionally,
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-to-two
(%2) to about nine-to-one (9:1), and more preferably the
ratio of additional drug ingredient distributed within the
sustained release formulation and the mmediate release

. formulation is about three-to-one (3:1) to about four-to-one
(4:1) by weight, Tespectively.
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1n one preferred embodiment of manufacturing a 1200 mg
bi-layer sustained release guaifenesin tablet, about 105 kg of
GUAIJFENESIN DC, about 2.5 kg of METHOCEI E10M,
about 1.25 kg of CARBOPOL %74PF, and about 0.333 kg of
Emerald Green Lake or FD&C BLUE #1 in a 10 cubic foot
PK. blender for about twenty minutes. About 0.6 kg of
magnesium stearate may then be added and blending con-
tinued for about another ten minutes to prepare the sustained
release formulation. Approximately 21 kg of GUAIEEN-
ESIN DC, approximately 11.75 kg of microcrystalline
cellulose, and approximately 3 kg of spdium starch glycolate
may be blended in a2 3 cubic foot BK. blender for about
twenty minutes. Approximately 0.1 kg of magnesium stear-
ate may then be added and blending contirved for about
another ten minutes to prepare the immediate relcase 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 abouwt 25% if each
tablet may be immediate release formulation. The tablets
may be any dosage strength, size, or shape. In a preferred
embodiment, 1200 mg tablets are round and about 3 inch in
diameter, about 0.28 inch—0.31 inch in thickness, weigh
about 1,46 grams and have a hardness range of about 1540
SCU. In another preferred embediment, 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.

In another preferred embodiment of manufacturing a 1200
mg bi-layer sustained release guaifenesin tablet, about 101
kg of GUAIFENESIN DC, about 4.5 kg of at leasi cne
additional drug ingredient such as dextromethorphan, about
5 kg of METHOCEL. E10M, about 1.5 kg of CARBOPOL
974F, 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 mixture is
blended for an additional 10 minutes, followed by drying.
About 1 kg of magnesium stearate may then be added and
blending centinued for about another ten minutes to prepare
the sustained release formulation. About 45.6 kg of
GUAIFENESIN, about 3.6 kg of at least one additional drug
ingredient such as dextromethorphan, about 40.32 kg of
microcrystalline cellulose, and approximately 3 kg of
sodium starch glycolate are blended in a 3 cubic foot Day
mixer for about 12 minutes. Thereafter, about 36 kg of water
is added and the mixture is blended for an additional 10
minutes, followed by drying. About 0.48 kg of magnesium
stearate may then be added and blending continued for about
another ten minutes to prepare the immediate release for-
mulaticn. 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 dosape strength, size, or shape. In a preferred
embodiment, 1200 mg tablets are round and about % inch in
diameter, about 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 embediment, 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 aqueons media of low 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 demen-
strated in Example 6 and FIGS. ¥ and 10 below, the
immediate release portion of the bi-layer tablet results in a
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maximurn 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 to media
of low pH allowing the sustained release portion of the tablet
to be passed into the intestinal tract. 1n the intestines, the
gelled sustained release portion is exposed to media of a
higher pH, causing the gel to slowly dissolve, thereby
allowing guaifenesin to diffuse and dissolve out of the gelled
matrix. This results in controlied bioavailability over an
extended time period (i.e. rwelve 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
fo more than 3 hours and the tablet has an AUC,,, (the arca
under a plasma concentration versus time curve from time 0
to infinity) of greater than 8006 hr*ng/mL. As demonstrated
in Example 7 and F1G. 11, the bi-layer tablets of the prescnt
invention had a further surprising result in that a 600 mg
tablet had a 1. equivalent to that of a 1200 mg and 2 C,,,,
and AUC,,, approximately half of a 1200 mg tablet. 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 direcily
proportional to that of & higher dosage strength guaifenesio
tablet also of the present invention. As furthcr demonstrated
in Example 7 and FIG, 11, the bi-layer tablets of the present
invention had another surprising result in that the C,,,, and
AUC,,-of a 1200 mg tablet administered to volunteers who
had been fasting and the C,, and AUC, . of a 1200 mg
tablet administered to volunteers who had consumed a high
fat meal were approximately ecquivalent. 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 batches of the 1200 mg gnaifenesin—60 mg dex-
tromethorphan HBr formulation of Example 8 werc dis-
solved to determine the amount of dextrome(horphan HBr
released over time, Geaerally, 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 to the total weight
of dextromethorphan prior to dissolution. After 1 hour about
46% to 47% of the dextromethorphan had dissolved. After
2 hours the about 59% to 60% had dissolvced, after 6 hours
73% 1o 76% had dissolved, and after 12 hours about 86% to
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 guaifenesin
release profiles similar to the reference formulation. The
reference formulation for FI1G. 13 was formulation 1V of
Example 5. Formulation B comprised 77% guiafenesin by
weight, 3.8% by weight dextromethorphan, 2.1% 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 a guaifenesin release profile
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similar to the reference formulation. Accordingly, the com-
bination formutations of the invention did not interfere with
the retease of guiafenesin, ln particular, after 12 hours
Formulation C released a greater dose of guiafenesin than
the reference formulation.

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 Celitech Medica. The comparison was
carried out to determine the behavior of guaifenesin-
dextromethorphan formulations of the invention as com-
pared to separately administered combination formulations
of dextromethorphan, Formulations B and C had longer
dextromethorphan rcicase profiles than the reference, as
shown in FIG. 14. Additionally, the combined formulations
of the present inventions had no detnmental effect upon the
release profile of dextromethorphan.

Another method to monitor dexiromethorphan plasma
concentrations is to measure the plasma concentration of the
mctabolite dextrorphan, The plasma concentraiion of dex-
trorphan metabolite of the reference formulation and For-
mulations B and C of FIG. 14 were plotted in F1G. 15.
Generally, the formulations exhibited similar dextrorphan
vongenirations, 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 inhibit the rclease 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 detcrmine the amouni of psendoephedrine HC released
over time. Generally, the formulations had 1200 mg of
guaifenesin and 120 mg pseudocphedrine HCl and were
studied over a 12 howr period, The released amount of
pseudoephedrine HCI was determined as a weight percent of
dissolved pseudoephedrine HCl in contrast to the total
weight of psendoephedrine HCI prior to dissolution. After 1
hour about 43% to 45% of the pseudoephedrine HCl had
dissolved. After 2 hours the about 58% to 60% dissolved,
after 6 hours 82% to 89% had dissolved, and after 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, pscudocphedrine, were compared Lo
determine whether an additional ingredicnt affects the
release profile of guiafenesin. In FIG. 17, the reference
formulation included forrmulation 1V of Example 5 and a
separate Sudafed® 12 howr 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 pseudoephedrine
HCl, 2.4% by weight hydroxypropyl methylcellulose, and
1.2% by weight CARBOPOL® 974F, and an immediale
release formuiation having 52% by weight guiafenesin DC
and 39% by weight microcrystalline cellulose by weight.
Formulation C comprised 77% by weight gunaifenesin DC,
7.7% by weight pseundoephedrine, 9% by weight microerys-
talline cellulose, 1.8% by weight METHOCEL E10M, and
0.9% by weight CARBOPOL® 974P. Formulations B and C
exhibited simjlar behavior to separately administered
formulations, thus demonstrating that formulations of the
present invention did not interfere with the profile release of
pseudoephedrine.

The plasma concentration for pseudoephedrine HCI was
studied to determine whether the formulations of the present
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invention interfered with the refease profile of pseudoephe-
drine. The pseudoephedrine plasma concentrations for the
formulations of FIG. 17 were plotted over a 24 hour period.
As iHlustrated 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 iovention release pseudoephedrine in compa-
rable or better relesse profiles than formulations containing
pscudoephedrine alone.

EXAMPLES

The invention is further defined by reference to the
following examples describing in detail the preparation of
the composition and methods of the present invention, as
well as their utility. It will be apparent to those skilled in the
arl thal many modifications, both to 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#
JLB-31FC, with the [ollowing vomposition was prepared:

Components Weight per Tablet
GUAIFENESIN DC 1260 mg
METHOCEL Ei0M 30 mg
Emerald Green Lake 4 mg
Magnesium Slearals 6.8 mg
Opadry Y-3-3-7413 1301 mg

Another batch of sustained release guaifenesin tablets,
Lot# 7LB-32I°C, with the following composition was pre-
pared:

Components Weight per Tablel

GUAIFENESIN DC 1260 mg
METHOCEL E10M 30 mg
CARBOPOL 974F 15 mg
Emerald Green Lake 4 mg
Magnesium Stearate 6.8 mg
Opadry ¥-5-3-7413 1316 mg

Six tablets from Lot 7LB-31FC and six tablets from Lot
7LB-32FC were tested for in vitro guaifenesin release using
an Acid/Base dissplution (slightly modified USP 23/NF 18
<711> Prug Release using Apparatus 2). Six dissolution
vessels of a USP calibrated Hanson dissolution bath,
equipped with shafis and paddles, were filled with 675 ml of
0.1N hydrochorlic acid at 37.0° C. The bath and vesscls
were maintained at a temperature of 37.020.5° C. through-
out the 12 hr. dissolution test. The paddles were sel to rotate
at 50 RPM and slowly lowered into the vessels. One tablet
of lot 7L.B-31 was then dropped into each vessel.

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
samples were withdrawn, 225 ml of 0.2M sodinm phosphate
tribasic was added to each vessel to increase the solution pH
to about 6.8. The dissolution was run for ten more hours, 2.0
ml samples being withdrawn from each vessel at the 4 hr.,
8 hr, 10 hr,, and 12 hr. intervals. The filtered samples from
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each sampling interval were then run on an HPLC to
determine percent guaifenesin released 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 7LB-31
Vessel# 1HR 2HR 4HR 8HR IHR 32HR
1 26 38 55 T 84 88
2 27 39 54 75 81 86
3 22 37 50 73 78 85
4 23 33 47 64 73 19
5 .25 36 32 75 i3] 86
6 24 35 49 74 g1 87
Average pLE 36.3 51.2 73.0 79.7 852
Lot 7LB-32FC
Vessel # 1HR 2HR 4HR SHR I0HR 12 HR
1 25 36 2 54 58 64.0
2 24 35 42 58 61 66
3 25 38 45 59 65 69
4 4 35 42 54 &0 65
5 24 36 43 54 59 64
6 23 34 e 50 55 3
Avernge 24,3 35.7 42.0 54.3 59.8 64.5

Both formulations demonsfrated sustained release of
guaifenesin over a 12 hour period. Lot 7L.B-32I°C demon-
strated identical release properties to Lot 7EB-31FCin 0.1N
HCL. In buffered solution, however, Lot 7LB-32FC, the lot
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 974P. A slower release rate in vitro translates
to a slower, more controlled release with longer drug action
in vivo—a favorable characteristic for pharmaceutical prod-
ucts containing a high concentration of an active ingredient
with a shogt half-life.

Example 2

A dissolution study was run to compare dissolution pro-
files of lots 7LB-32FC and 7LB-31FC with currentiy avail-
able guaifenesin dosage forms. One immediate release
tablet, ORGANIDIN NR, and two sustained release tablets,
HUMIBID L.A. and DURATUSS, were subjected to the
same dissolution study as deseribed for lots 7LBO31FC and
7LB-32FC in Example 1 above. The fallowing is a summary
of the results which are also depicted in FIG. 5.

ORGANIDIN NR HUMIBID LA, DURATLISS
% guaifenesin % guaifenesin % guaifenesin
released released released

1 Hr 100 36 24
2 Hr 103 51 35
4 HR 14 k) 47
§ HR 103 91 75
10 HR 3 96 36
12 HR 105 100 oz

The immediate release ORGANIDIN released 1009% of
guaifenesin content within the first hour of dissolution. The
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two sustained release dosage forms which are currently
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 shorler
lived therapeutic effect in vivo.

Example 3

The in vivo behavior of sustained release tablets of Lot
7LB-31FC and Lot 7LB-32FC from Example 1 were com-
pared to the in vivo behavior of an immediate release
formulation {ORGANIDIN NR). The open-label study
involved @ healthy volunteers averaging 38+11.01 years of
age with a rangg of 23 years to 53 years of age. The subjects
weighed 175.56224.22 1bs, with a range of 143 to 210 lbs.
One subject was female and the remainder were male. Each
subject received either one 1200 mg dose of one of the two
above described sustained release tablets or 400 mg every
four hours for 3 doses of the immediate release formulation.

Blood samples (7 ml with sodium heparin as
anticoagulant) were iaken 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, Iransferred to a polypropylene
tube, frozen at ~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. 6. This
resulting plasma concentration v. time data was subjected 1o
pharmacokinetic analysis using non-comparimental analysis
with Wimnonlin 1.5. The results of the pharmacokinetic
parameters analysis are below.
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hours for the 7LB-3]1 FC compared to ©.8 hours for the
immediate release formulation, ORGANIDIN NR.

Both formulations 7LB-32FC {with both METHOCEL
EI0OM and CARBOPOL 974P) and 7LB-31FC (with
METHOCEL E10M only) control the release of guaifenesin
from the tablet compared to the immediate release
ORGANIDIN NR. Formulation 7LB-32FC, the formulation
containing a 6:1 ratia of METHOCEL EIOM to CAR-
BOPOL 974F, had the longest half lile at 5.77 hours with the
largest AUC,, between the two sustained release formula-
tion. However, both sustained release formulation has a
C,.. that was less than half of the C, . of the immediate
release ORGANIDIN NR.,

Example 4

Three different modified release tablet lots wers prepared
with the following compositions:

Sustained Release Formulation 1, Non-layered Tablet

Components Weight per Tablet
GUATFEWNESIN DC 1260 mg
METHOQCEL FitM 40 mg
CARBOPOL 974F 20 mg
Emerald Green Lake 4 mg
Magnesium Stearate 6.8 mg

T Couay  AUG 1 Typ AUCye
Subject  Formulation (hr.) (og/ml) (hr*ng/ml})  (hs)  (bortag/ml)
1 7LB-31FC .00 827.02 4817.20 4.64 6339.25
2 7LB-31FC 1.50 B834.65 469589 2 329171
3 7LB-31FC 1.50 80244  4142.14 3.44 4728.33
4 TL.B-32PC 0.75 62548  3034.31 578 5134.35
5 7LB-32FC 1.00 105200 587246 5.99 8298.33
b TLB-32FC 200 137200 7524.35 5.53 9557.78
7 ORGANIDIN NR 050 214040 921,94 0.86 7009.68
8 ORGANIDIN NR 425 181700 659826 0.73 6674.65
9 QRGANIDIN NI 050 283100 9389.76 0.81 o50.81
Mean FLB-31FC 1.67 82137  4551.74 3.59 5453.10
Mean TLB-32FC 1.25 131649 5610.37 577 7663.49
Mean OQRGANIDIN NR 175 226267  1636.65 0.80 7151.74
Ratio (%) 7LB-31FCAR 95.24 36.30 59.60 448,27 0235
Ratio (%) 7TLB-32FCAR 71.43 44,52 73.47 718.92 98.86

Subjects given the 1200 mg formulation 7LB-32FC
reached maximum plasma guaifenesin concentrations of
1016 ngfmL in 1.25 hours and had an AUC,, of 7663
hr*ng/ml. The subjects given formulation 7LB-31FC
reached maximum plasma guaifenesin concentrations of 821
ng/mL in 1.67 hours and had an AUC,,, of 5453 hr*ng/ml.
The subjects given the immediate release formulation,
ORGANIDIN NR, reached maximum plasma guaifenesin
concentrations of 2263 ng/ml in 1.75 hours (2 subjects
peaked at 0.5 hours after the first dose and the third peaked
at 0.25 hours after the second dose at 4 hours) and had an
" AUC,,, of 7752 hr*ng/ml. The two controlled release for-
mulations demonstrated sustained release in that their half-
lives were longer, 3.77 hours for the 7LB-32FC and 3.59
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Sustained Release Formulation 11, Bi-layered, 400 mg IR
and 800 mg SR
IR Formulation

Components Weight per Tablst
GUAIFENESIN DC 421 mg
Microcrystalline Celluloss 40 mg
(AVICEL)

Sedivm Starch Glycolate 50 mg
{EXPLOTAB)

Magnesium Stearate 2 mg
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SR Formulation
] Toux  Caee  AUC, T,  AUGy
Corponents Weight per Tablet 5 Formulation (br) {ng/ml) (hreng/ml) {hs) (hr*og/ml)
GUAIFENESIN DO 842 mg Mena ORGANIDIN NR 0.0 2609.40 8768.40 128 908278
METHOCEL Bi0M 27 mg Mean SR ! 2.30 1631.40 5549.30 288  6044.93
CARBOPOL 074P 135 mg Mean SR 11 2.30 241540 730438 148 750978
Emerald Green Lake 3mg Msan SR 165 2038.00 8904.62 205 9161.03
Magnesivm Stearate 4.5 mg 1
Sustained Formulations 1! and 111 exhibited a C,,, ., more
comparable to the immediate relsase formmlation and an
Sustained Release Formulation I, 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 !1 and 111 were reduced from the half-life of
IR Formulation Sustaincd Formulation 1. Although these bidayer tablets
showed an improved serum concentration of guaifenesin and
an increased overall concentration with time, their half-life
was compromised.
Components ‘Weight per Tablst
20 Example 5
GUAIFENESIN DC 630.8 mg . . A .
Micrpcrystalline Celtulose 353 mg A dissolutjon stady was run to compare dissclution pro-
(AVICEL) files of Formulaticn 1, Formulation 11 and Formulation 11
Sodium Starch Glyzolate 0.1 mg prepared as defined in Example 4 above, and Formulation
(EXPLOTAB) . -
Magnesicm Stearatc 3 mg 75 1V, a bi-layer tablet lot with 200 mg IR and 1000 mg SR
prepared with the following composition:
IR Formulation
SR Formulation
30 o )
omponents Weight per Tablet
Components ‘Weight per Tablet GUAIFENESIN DC 211 mg
Microerystalline Cellulose 118 mg
GUAIFENESIN DC 630.8 mg (AVICEL)
METHOCEL Ei0M 40 mg Sodium Starch Glycolate 30 mg
CARBOPOL 974P 20 mg 35 (EXFLOTAB)
Emcrald Green Lake 4 mg Magnesivm Stearate 1 mg
Magnesinm Stearate 6,8 mg
SR Formulation
The in vivo behavior of each of the three sustained release 4p
tablets and an immediate releass formulation (ORGANIDIN
NR) were compared. The open-label study involved 15 Componeats Weight per Tablet
healthy volunteers averaging 31.67+11.89 years of age with GUAIFENESIN DC 1053 mg
a range of 20 years to 51 years of age. The subjects weighed METHOCEL E10M 25 mg
162.00+25.05 Ibs. with a range of 123 to 212 lbs. All 15 CARBOPOL 974F 125 me
N . R ge N - Emerald Green Lake 3.3 mg
subjects were administered 400 mg of the immediate releasc Magnesium Stearats 57 mg
formulation every 4 hours for a total of 12 hours in on cne
day. On apolhler day, 5 susbjecw: Wwere admm:isle_re'd Susdlamed The following is a summary of the results which are also
Fc?rmulanon , a‘nolher subjects were a ministere Sus- 4 depicted in FIG. 8.
tained Formulation 11, and yet another 5 subjects were
administered Sustained Formulation 111,
Blood samples {7 ml with sodium heparin as Formulation  Formulation Formulation  Formulation
anticoagulant) were taken prior to dosing and at specific I " I v
: : 55 % Teicased % reloased % refuased % released
intervals up to 12 hours after dosing. All blood samples were -
chilled and centrifuged within 30 minutes of being drawn. 1hr 22 45 k3 29
The plasma was separated, transferred 1o a polypropylene 2 hr 34 54 46 38
A . 4 b 43 85 56. 48
tube, frozen at ~20° C. or below and stored frozen until 6 hr 50 70 61 53
being shipped for guaifenesin analysis. 60 8 58 73 66 60
10 hr 62 78 70 66
The plasma samples were analyzed by a fully validated 12 br 66 &1 7 T
HPLC method. The resulis are depicted in FIG. 7. This
resulting plasma concentration v. time data was subjected to Formulaiion 1, the non bi-layered tablet, demonstrated the
pharmacckinetic analysis using non-compertmental analysis ¢s slowest release of guaifenesin. Formulation 11 and Formm-

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

lation 111" had the fastest rates of release and would,
therefore, exhibit 2 faster rate of release and thus a shorter
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lived therapeutic effect in vive. Formulation 1V has a rate of
release which was faster than Formulation I, comprising no
immediate release blend, bul slower than Formulation i1 and
Formulation 111, both comprising more immediate release
blend than Formulation 1V.

Example 6

The in vivo behavior of Formulation IV bi-layered tablets,
prepared as described above in Example 5, was compared 1o
an immediate release formulation (ORGANIDIN NR). The
open-label, multiple dose, randomized, 2-way crossover
study involved 26 healthy volunteers averaging 31.31+9.81
years of age with a range of 19 years to 50 years of age. The
subjects weighed 166.77x29.83 lbs. The subjects were
placed into one of two treztment groups. Group 1 received
Formulation 1V tablet with 240 ml of water after 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
mg tablets) with 240 ml of water every 4 hours for 5 days
and oce 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 taken prior todosing on days 1,4, 5, and
6. On Day 1, additional blood samples (5 ml with sodium
heparin as anticoagulant) were also obtained a1 0.5, 0.75, 1,
1.5,2,3,4,45,475,5,55,6,7,8,85,875,9,95, 10, 11,
and 12 hours after the initial dese. On Day 6, additional
blood samples (5 ml with sodium heparin as anticoagulant)
were ajso obtained at 0.5, 0.75, 1, 1.5, 2, 3,4, 4.5, 4.75, 5,
55,6,7,8,8.5,875,9 95,10, 11, 12, 14, 16, and 24 hours
after the initial dose. Plasma was separated and the plasma
frozen until analyzed for guaifenesin content. The resulting
plasma concentration data was subjected to pharmacckinetic
and statistica] analysis in order to determine if the sustained
release tablets performed as controlled release tablets at
steady slate.

The results of the pharmacckinetic parameters analysis
are below.

Averaged Testing—11 Twelve-Hour Intervals

Toax  Cmax AUsaa Tip AUCK

Formulation (kr)  (ngml) (errog/ml} (hes) Chenpfml)
Mean ORGANIDIN NR  1.69 24632 838193 (.78 8528.51
Mean Bi-layered Tablet 105 211138 787568 331 8686.08

The results of the testing are depicted in FIG. 9.
Steady State Testing

Tmax Cmnx AUCCHLZ Tm AUCN
Formulation () (ng/ml) (ar*mgiml) {hrs) (hreng/mi)

Mean ORGAMIDIN NR 203 227820 775123 0.88 796214
Mean Bi-layered Table!  0.86 2349.6 8202.47 361 925524

The results of the testing are depicted in F1G. 10.

The 200/1000 mg bi-layered tablet exhibited a €, and
a AUC,, equivalent 1o that of the immediate release blend,
a short T,,,, and an extended half-life, Thus, & bi-layered
tablet with 200 mg guaifenesin in the Immediate reicase
formulation and 1000 mg of guaifencsin in the sustained
release formulation results in a tablet which delivers a high
serum conceniration in a short peried of time, yet maintains
an effective concentration of gnaifencsin in the blood stream
for a full twelve hours.
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Example 7

A study was performed 1o examine the relative bicavail-
ability of two different dosage strengths of modified release
puaifenesin formulations of the present invention as well as
the effeci of food on the relative bioavailability of a guaifen-
esin formulation of the present invention in normal, healthy
male andfor female volunteers. Two batches of guaifenesin
bi-layer lablets, one 600 mg and one 1200 mg, were pre-
pared according to the following composition.

: 600 mg Tablet
IR Formulation

Components Weight per 200,000 Tablets
GUAIFENESIN DC 21.05 kg
Micracrysiailine Cellulose 13,75 kg
(AVICEL PH102)

Sodium Starch Glycolafe 3.00 kg
{EXPLOTAT)

Magnesium Stearate D.30 kg

SR Formulation

Compoacnts ‘Weight per 200,000 Tableis
GUAIFENESIN DC 105.27 kg
Hydroxypropyl Methyl 2.50 kg
Cellulose (METHOLEL

E10M)

Carbomer (CARBOPQL. 125 kg
974F)

FX&C Blue #1 Aluminum 0.33 kg

Lake Dyc

Magnesium Stearale 0.57 kg

1200 mg Tablet
IR Formulation

Components Weight per 100,000 Tabiet
GUAIFENESIN DC 2105 kg
Microcrystaliine Celiulose 1175 kg
(AVICEL PH107)

Sodivm Starch Glycolate 3.00 kg
(EXPLOTAR)

Magnesium Slearals 0.10 kg

SR Formulation

Components Weight per 100,000 Tablets
GUAIFENESIN DC 10527 kg
Hydrozypropyl Methyl 2.50 kg
Cellulose (METHOCEL

E1DM)

Carbomer (CARBOPOL 125 kg
9741)

FD&C Blue #1 Aluminum 033 kg

Lzke Dye

Magresium Stearate 057 kg

Note: the 600 mg and 1200 myg tableis were similarly
prepared, the only difference between the dosage forms
being that the 1200 mg tablet contained about fwice 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
_volunteers in the fasting state (about 10 hours pre-dose uniil
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 info 3 treatment groups, 9
receiving the 600 mg tablet, 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 {nal. After
completion of Period 1, the volunteers were crossed-over for
Period 2 (e.g. so that the 9 volunteers 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.e. the 9 volunteers 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 fal meal in Period 3). Each
volunteer was administered one dose of the appropriate
tablet and then monitored over 2 16 hour period.

Blood samples (7 ml with sodinum heparin as
anticoagulant) were taken about one hour prior to dosing and
at specific intervais up to 16 hours after dosing (at ¢.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 to a
polypropylene tube, frozen at —20° C. or below and stored
frozen untl being shipped for guaifenesin analysis. The
volunteers were then given at least a seven day washout
peried (where no guaifenesin was administered to them
under the study) prior to being crossed-over to the next
treatment group.

The plasma samples were analyzed by a fully validated
HPFLC method. The results are depicled in FIG. I1. This
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.

Tawx  Cowx  AUCoqe Tip  AUGH

Formulation (hr) (ng/ml) (ar*ng/ml) (hrs) (hreng/mi)
Mean 600 mg Fasted 0.81 1074.26 3623.03 233 367622
Mean 1200 mg Fasted 4594 194862 748320 333 791261
Mean 1200 mg Fed 2,18 198808 742420 081 742529

The 600 mg tablet demonstrated a scrum profile approxi-
mately directly propertional to the serum profile of the 1200
mg tzhlet. 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% that of the 1200 mg tablet and the AUC, of the
600 mg tablet was about 46% that of the 1200 mg. impraved
serum concentration of guaifenssin and an increased overall
concentration with time, their half-life was compromised.

The 1200 mg tablet demoenstrated that the bi-layer tablets
of this invention greatly reduce the food effect in bicavail-
ability and serum concentration of guaifenesin, The C,,, of
the 1200 mg tablet administered after a high fat meal (fed
tablet) was about 102% of the C, . of the 1200 mg tablet
administered after fasting (fasted tablet). The AUC, ,, of the
1200 mg fed 1ablet was about 90% that of the fasted tablet
and the AUC, ,of the 1200 mg fed tablet was about 94% that
of the fasted tablet.
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Example 8

Two batches of guaiferesin/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 tablet 7.5 mg was within the immediate
release layer and 22.5 mg within the modified release layer.

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

Compenents Weight per 200,000 lablets (kg)
Guaifenesin, USP - 101,60
Dextrometherphan HBr 4.50
CARBOFOL 974F, NF 1.50
Micreerystalline Cellulose 5.00
(METHOCEL E10M)

D&C YELLOW #1D 0.04

Alumisum Lake (14-18%)

Mngnesium Stearale 1.00

Immediate Release (IR) Formulation

Campanants Welght per 450,000 tabiets (kg)
Guaifenssin, USP 45.60
Dextromethorphan HBr 3.50

Sodium .Starch Glycolate, NF 3.60

(Explotab)

Mierocrystalling Cellulose 403,32

(AVICEL PH102)

METHCCEL E10M, USP 240

Magaesivm Stearate, NF 0.48

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

Comgonents Weight per 100,000 tablets (kg)
Craaifenesin 101.00
Dextromethorphan HBr 4.50
Microcrystalline Cellulose 500
(METHOCEL E10M)

CARBOPOL 974F, NF 1.50

FD&C Blue No. 1 Aluminum 0.04

Lake (11-13%)

Magnesium Stearaic 1.0

IR Layer Formulation

Componcnts Weight per 240,000 tablets (kg)
Gunifenesin 45,60
Dextromethorphan HBr 3.60

Sodium Starch Glycolate, NF 3.60

(Explatab)

Microerystaliine Cellulose 40.32

(AVECEL PH102)

METHOCEL E10M, USP 2,40

Mngnesium Slearale, NF 0.48

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

Formulation | Formulation II Formulation III
% released % released % released
1 hr 446 47 47
20 59 60 61
§ hr 3 74 78
12 or 86 g7 &9

The in vivo behavior of the 1200 my guaifenesin and 60
mg tablet was studied by measuring the plasma concenira-
tion of guaifenesin, dextromethorphan HBr, and the metabo-
lite dextrorphan. FIGS. 13-15 illustrate the plasma concen-
tration for each drug or metabolile in two formulations,
Formulation B and Formulation C, during a 24 hour period.
Immediately after administration the plasma concentration
of puaifenesin peaks in about an hour, followed by a gradual
plasma concentration decrease over 24 hours. Immediately
after administration, guaifenesin plasma concentration never
decreased to less than 200 ng/ml over 12 hours. Thereafter,
guaifenesin plasma concentration gradually decreased over
the next 12 hours. Plasma concentration of dexiromethor-
phan HBr peaks al aboul 6 hours at about 12 ng/m! and the
concentration 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,
healthy male and/or female volunteers. A baich of guaifen-
esin and dextromethorphan bi-layer tablet, 1200 mg, was
prepared according to the composition described above for
Example 8.

The in vivo behaviors of the 1200 mg tablet administered
to volunteers in the fasting state (about 10 hours pre-dose
uniil about 4 hours after 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
Ideal Body Weight as defined by the 1983 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 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 taken about one hour prior to dosing and
at specific intervals up to 16 hours after dosing (at 0.25, 0.5,

0.75,1,15,2,3,4,6,8, 10, 12, 14, and 16 hours). All bload

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 dextrometho-
rphan analysis.

The plasma samples were analyzed by a fully validated
HPLC method by PFD Development (3230 Deming Way
Suite 190, Middleton, Wis. 53562). The resulting plasma
concentration v. time data was subjected to pharmacokinetic
analysis using non-comparimental analysis with Winnonlin
1.5. The results of the pharmacokinetic parameiers analysis
for gniafenesin include a T,,,, of 148 hr, C,,.. (og/ml) of
2196, AUC, ,(hr*ng/ml) of 8702, T, of 1.32 hrs,, and an
AUC, (hr*ng/ml) of 8732.5. The results of the pharmaco-
Linetic parameters analysis for dextromethorphan include a
T, 0f 5.0 brs, C,,. . (pg/ml) of 5157, AUC,_,,(hr*pg/ml) of
74209, Ty of 7.93 hrs., and an AUC,, (hr*pg/mi) of 75016.
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Example 10

Two batches of guaifenesin-pseudoephedrine HCI
bi-layer tablets, one 660 mg and one 1200 mg, were pre-
pared according to the following composition.

600 mg Guaifenesin/60 mp Pseudoephedrine HCI
Tablet

SR Layer Formulation

Components Weight per 300,000 tablets (kp}
Guaifenesin DC (95%) 157.80
Pseudoephedrine HCI 180
Hydroxypropyl 4.50
Methylcellulose

(METHOCEL E10M)

CARBOPOL 974P, NF 2.28

FD&C Yellow Mo, 6 .24

Alvminum Lake (15-18%)

Magnesium Stearate 1.50

IR Layer Formulation

Componcals Weight per 300,000 tablets (kg)
Guaifencsin DC (35%) 39476
Microcrystalling Cellulose 22,028

(AVICEL PHI02)

Sodivm Starch Glycolate 5.626

Magunesium Stearate, NF 0.188

1200 mg Guaifenesin/120 mg Pseudoephedrine HCI
Tablet

SR Layer Formulation

Componeats Weight per 150,000 tablets (kg)
Guaifenesin DC (95%) 157,85
Pseudoephedrine HCI 18.00
Hydroxypropyl Methylcellulose 4.50
(METHOCEL E10M)

CARBOPOL 574B, NF 2.25

FD&C Red No. 40 Aluminum 0.06

Lake (14-16%)

Magnesium Stearate 1.50

IR Layer Formulation

Componenis Weight per 150,000 Lablels (kg)
Guaifenesivc DC (85%) 39,476
Microcrystalling Cetlulose 22,028
[AVICEL PH102)

. Sodivm Starch Glycolate 5.626
Magnesium Stearate, NE 0.188

The following is a surmmary of the pseudoephedrine
Dissolution Rate of the 1200 mg gvaifenesin—60 mg psen
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docphedrine tablet results which are also depicted in FIG.
16.

Formulation 1 Formulation II Formulation 1E
% releaged % released % released
1 hr 45 44 43
2 hr 60 59 53
5 hr 89 &7 82
12 br 97 o8 95

The in vive 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
each drug (Formulation B and Formulatien C) during a 24
hour peried. lmmediately after administration the plasma
concentration of guaifenesin peaks in about an hour, fol-
lowed by a gradual plasma concentration decrease over 24
hours. Immediately after administration, guaifenesin plasma
conceniration never decreased below 200 ng/m] over 12
hours. Thereafter, guaifenesin plasma concentration gradu-
ally decreased over the next 12 hours. Plasma concenfration
of pseudoephedrine HC] peaked at about 6 hours and
gradually decreased over the next 18 hours. The plasma
concentration of pseudoephedrine HCI never decreased to
less than 50 ng/ml after 30 minutes of administration.

Example 11

A study was performed to examine the relative bicavail-
ability of sustained release guaifenesin with pseudoephe-
drine formulations of the present invention in normal,
healthy male and/or female volunteers. A batch of guaifen-
esin and pseudoephedrine bi-layer tablets, 1200 mg, was
prepared according to the composition described above for
Exampie 10.

The in vivo behaviors of a 1200 mg tablet administered 1o
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 volunizers between the ages of 12
and 55. The subjects weighed within 15% of their ldeal
Body Weight as defined by the 1983 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 irial. Each volunteer was administered one dose of the
appropriate tablet and then monitored over a 16 hour peried.

Blood samples (7 ml with sodium heparin as
anticoagulant) were taken about ene hour prior to dosing and
at specific intervals up to 16 hours after dosing (at 0.25, 0.5,
075,1,15,2,3,4,6,8,10, 12, 14, and 16 hours). All bloed
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
frezen until being shipped for guaifenesin and pseudoephe-
drine analysis.

The plasma samples were analyzed by a fully validated
HPLC method by PPD Development (3230 Deming Way
Suite 190, Middleton, Wis. 53562). The resulting plasma
concentration v, time data was subjected to pharmacokinetic
analysis using non-compartmental analysis with WinnonlinF
1.5, The results of the pharmacokinetic parameters analysis
for guiafenesin include a T,,,, of 1.48 hr, C, . (ng/ml) of
2196, AUC,_,,(hr*og/ml) of 8702, T,,, of 1.32 hrs,, and an
AUC, (br*ng/ml) of 8732.5, The results of the pharmaco-
kinetic parameters analysis for pseudoephedrine include a
T,ar 0f 6 hres, €, (ng/ml) of 300, AUC,_,(br*ng/ml) of

Hiax

4201, T, of 5.98 hrs., and an AUC,, (hr*ng/ml) of 4709.
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Other embodiments and uses of the imvention 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 arl, variaticns and medifications
of each of the disclosed embodiments can be easily made
within the scope of this invention as defined by the following
claims.

What is claimed is:

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

whereln the release-delaying matrix comprises a hydro-

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

wherein the immediate release formulation guaifencsin

has a C,,,,, in a human subject equivalent to the C,
obtained when a dose of a standard immediate release
formulation having one third the amount of guaifenesin
is dosed, and immediately after administration the
serum concentration of guaifenesin peaks in about an
hour, followed by 2 gradual 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 twelve hours, and

wherein the drug product releases a therapeutically effec-

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

2. The modified release drug product according to claim
1, wherein the hydrophilic pelymer is acacia, gum
tragacanth, locust bean gum, guar gum, karaya gum, modi-
fied cellulosic, methylcellulose, hydroxymethylcellulose,
hydroxypropyl methylcellulose, hydroxypropyl cellulose,
hydroxyethylcellulose, carboxymethylcellulose, agar,
peclin, carrageen, alginate, carboxypolymethylene, gelatin,
casein, zein, bentonite, magnesium aluminum silicate,
polysaccharide, modified starch derivatives, or a combina-
tion thereof.

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

4, The modified release drug product according to claim
1, wherein the hydrophilic pelymer is hydroxypropyl meth-
yicellulose and the water-insoluble polymer is an acrylic
resin.

5. The modified release drug preduct according to claim
1, wherein the immediate release formulation, release-
delaying matrix, or both further comprises the at least one
additional drug.

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

7. The modified release drug product according o claim
6, wherein the additional drug is dextrometherphan
hydrobromide, codeine, hydrocedene, phenylephrine
hydrochloride, phenylpropanclamine hydrochloride, pseu-
doephedrine hydrochloride, ephedrine, chlorpheniramine
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maleate, brompheniramine maleate, phenindamine tartrate,
pyrilamine maleate, doxylamine succinate, phenylioloxam-
ine citrate, diphenhydramine hydrochloride, promethazine,
clemastine fumerate, aspirin, ibuprofen, acetaminophen,
naprosin, or combinations thereof.,

8. The modified release drug praduct according to claim
6, wherein the additional drug is dextromethorphan
hydrobromide, pseudoephedrine hydrochloride, or a combi-
nation thereof.

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

10. The modified release drug product according to claim
9, wherein the lubricant is magnesinum stearate, calcinm
stearate, zinc stearate, powdered stearic acid, hydrogenated
vepeiable 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, gelatin, starch
paste, acacia, tragacanth, povidone, polyethylene glycol,

" Pullulan, corn syrup, or a combination thereof.

12. The modified release drug product 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, triethanolamine, polyoxyeth-
ylene sorbitan, poloxalkol, quaternary ammeonium saits, or a
combination thereof.

14. The modified release drug product according 1o claim
9, wherein the excipient is mannitol, glucose, fructose,
xylose, galactose, maltose, xylitol, sorbitol, potassium
chloride, potassium sulfate, potassium phosphate, sodium
chloride, sodium sulfate, sodium phosphate, magnesium
chloride, magnesinm sulfate, magnesium phosphate, micro-
crystalline cellulose, sodium starch glycolate, or a combi-
nation thereof.

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

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

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

18, The modified release drug product according to claim
1, wherein a ratio of a total quantity of guaifenesin 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 ratio of a total guantity of guaifenesin to the
additional drug is from about 3:2 to abont &:1 by weight.

20. The modified release drug product aceording 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 rafio of the first quantity of guaifenesin
to the sccond quantity of guaifenesin is from about 2:3 to
about 1:19

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

23. The modified release drug product according to claim
17, wherein guaifenesin has a C, ., of at least 1000 ng/ml
and an AUC,,, of at Jeast 3500 hrng/mi.
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24, The modified release drug product according to claim
1, wherein the gnaifenesin 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-insoluble polymer by weight.

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

27, The modified release drug product according to ¢laim
1, wherein the releass-delaying malrix 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% to about 20% 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 poiymer, and
from about 1% to about 1.5% by weight of the water-
insoluble polymer.

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

wherein the sustained release form 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 %1,

wherein the immediate release formulation guaifenesin

has a C,, ., in a human subject equivalent fo 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 guaifenesin peaks in zbout an
hour, followed by a gradual 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 twelve hours, and

wherein the drug product releases a therapeutically effec-

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

30. The modified release drug product according to claim
29, wherein a total quantity of guaifenesin is from about 600
mg 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 abou! 1:1 to about 1:49.

32, The modificd release drug product of claim 30,
wherein a ratio of the first quantity of guaifenesin to the
second quaniity of guaifenesin is about 2:3 to about 1:19.

33. The modified release drug product according to claim
30, wherein guaifenesin has a C,,,,, from about 1600 to 2500
ng/ml and an AUC, . of about 5600 to 8750 hr*ng/ml.

34. The meodified release drug product according to claim
30, wherein the guaifenesin has a C, ., of at least 1500 ng/m]
and an AUC, . of at least 7000 hr*ng/mi.

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

36. The modified release drug product according io claim
30, wherein the guaifenesin has a C . of at least 1000 ng/m]
and an AUC,,; of at least 3500 hr*ng/ml.



Case 1:09-cv-04455-BSJ Document 1 Filed 05/08/09 Page 75 of 76

US 6,955,821 B2

33

37. The modified release drug product according to claim
29, wherein the guaifenesin has a half Iife of at least three
bours as determined by serum analysis.
38. The modified release drug product according 1o claim
29, wherein the immediate release formulation and the
susiained release form each comprise abutling substantially
planar layers which form at bilayer tablet,
39, The modified r¢lease drug product according to claim
29, wherein the sustained release form is coated by a layer
of the immediate release formulation,
40. The modified 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-
lained release form.
41, The modifted release drug product according to claim
29, wherein the drug product is approximately equally
effective when administered (o the human subject with an
empty or full stomach.
42. The modified release drug product according to claim
30, wherein the drug product has a guaifenesin serum
concentration profile of FIG. 10
43, A modified release drug product comprising a first
quantity of guaifenesin in an immediate release formuiation
wherein the gnaifenesin becomes bioavailable in a subject’s
stomach; a second quantity of guaifenesin in a sustained
release formulation; and at least one additional drug,
wherein the sustained release formulation comprises a
hydrophilic polymer and a watar-insoluble polymer in
a weight ratio of bydrophilic polymer to waler-
insoluble polymer from about 1:1 to about 9:1,

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

wherein the immediate release formulation guaifenesin
has a C,,,. In a human subject equivalent to the €,
obtained when a dose of a standard immediate release
formulation having one 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 bours but the serum concen-
tration of guaifenesin never decreases below the mini-
mum cancentration of said standard immediate release
formulation over twelve hours, and

wherein the drug product provides a therapeutically effec-

iive bioavailable guaifenesin dose for at least twelve
bours after a single dose in the human subject accord-
Ing fo serum analysis.

44, The modified release drug product according to claim
43, wherein a total quaniity of guaifenesin is from about 600
mg to about 1200 mg,

45, The modified release drug product according to claim
43 wlherein the additional drug is an anfitussive,
decongestant, antihistamine, analgesic, or combinations
thereof.

46, The modified release drug product according to claim
45, wherein the additional drug is dextromethorpban
hydrobromide, codeine, bydrocodone, phenylephrine
bydrochloride, phenylpropanolamine hydrochloride, pseu-
doephedrine hydrochloride, ephedrine, chlorpheniramine
maleate, brompheniramine maleate, phenindamine tartrate,
pyrilamine maleate, doxylamine succinate, pbenyitoloxam-
ine citrate, diphenhydramine hydrochloride, promethazine,
clemastine fumerate, acetaminophen, aspirin, ibuprofen,
naprosin, or combinations thereof,

47. The modified release drug product according to claim
45, wherein the additional drug is dextrometborpban
hydrobromide, pseudoephedrine hydrochioride, or a combi-
pation thereof, . :
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48. The modified release drug product according to claim
43, wherein a ratio of a total quantily of guaifenesin to the
additional drug is from about 1:1 to about 4:1 by 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 about 3:2 to about 9:1 by weight.

50. The modified release drug product according to claim
43 or 49, wherein a ratio of the first quantity of guaifenesin
to the second quantity of guaifenesin is from about 2:3 10
about 1:19.

51. The modified release drug product according to claim
44, wherein a guaifenesin C,,,, of the drug product is from
about 1600 to 2500 ng/mi and an AUC,, ¢ is from about 5600
to 8750 hr¥ng/mi.

52. The modified release drug product according to claim
44, wherein a guaifenesin C,, . 1s at Jeast 1900 ng/ml and an
AUC, -is at least 7000 hr*ng/mi.

53. The modified release drug product according fo claim
44, wherein a guaifenesin €, is about 800 to 1250 ng/mi
and an AUC, is from about 2800 to 4375 hr*ng/ml.

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

55, 'f'he modified release drug product according to claim
43, wherein the puaifenesin has a half life of at least three
hours as determined by serum analysis.

56. The modified release drug product according to ¢laim
43, wherein the immediate release formulation and the
sustained release formulation each comprise abutting sub-
stantially planar layers which form a bilayer tablet.

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

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

59, The modified release drug product according to claim
43, wherein the drug product is approximalely equally
effective when administered to the human subject with an
empty or full stomach,

60. The madified release drug product according to claim
44, wherein the drug product has the serum guaifenesin
concentration profile of FIG. 10,

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

62. The method 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 decongestani, aun
antihistamine, an analgesic, or combinations thereof.

64. The metbod according to claim 63, wherein the
additional drug is dextromethorphan bydrobromide,
codeine, hydrocodone, phenylepbrine bydrochloride, phe-
nylpropanolamine hydrochloride, pseudosphedrine
bydrochloride, epbedrine, chlorpheniramine maieate, bro-
mpheniramine maleate, pbenindamine tartrate, pyrilamine
maleate, doxylamine succinate, pbenylteloxamine citrate,
dipbenbydramine bydrocbloride, prometbazine, clemastine
fumerate, aspirin, ibuprofen, acetaminophen, naprosin, or
combinations thercof.

65. The method according to claim 63, wherein the
additional drug is dextromstharphan hydrobromide, pseu-
doephedrine hydrochloride, or a combination thereof,
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66. The method according to claim 61, wherein a fotal
quantity of guaifenesin is from about 600 mg to about 1200
mg.
67. The method according to claim 61, wherein a ratio of
4 tota] quantity of guaifenesin o the additional drug is from
about 1:1 to about 4:1 by weight.

68. The method according to claim 61, wherein a ratio of
the first quantity of guaifenesin to the second quantity of
guaifenesin is about 1:1 to about 1:4% by weight.

69. The method according to claim 61, wherein guaifen-
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 symptoms or
diseases associated with coughing which comprises admin-
istering to a subject in need of such treatment a therapeuti-
cally effective amount of a modified release drug product
having a first quantity of guaifenesin in an immediate release
formulation which becomes fully bioavailable in a subject’s
stomach and a second quantity of guaifenesin in a release-
delaying matrix comprising a hydrophilic polymer and a
water-insoluble polymer wherein a weight ratio of said
hydrophilic polymer fo said water-insoluble polymer is in a
range of from about 1:1 to about 6.1, wherein said imme-
diate release formulation guaifenesin demonstrates a C,,,,, In
a human subject equivalent to the C,,, obtained when a
dose of a standard immediate release formulation having one
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
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concentration of guaifenesin never decreases below the
mipimum concentration of said standard immediate release
formulation over twelve hours, and wherein said drug prod-
uct provides therapeutically effective hinavailability for at
least twelve hours after a single dose in the human subject
according to serum analysis.

71. The method according to claim 70, wherein the drug
product is administered orally.

72. The method according to claim 70, 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.

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

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

75. The modified release drug product according to claim
1 or 43, wherein the guaifenesin has a half life of atleast 1.3
hours as determined by serum analysis,

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

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