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(57) L’mvention se rapporte a des compositions
pharmaceutiques presentant un profil a libération
modifice pour une dose quotidienne de metronidazole, a
leurs procedeés de fabrication, et a des procedes de
traitement d une infection microbienne au moyen d’ une
dose quotidienne des compositions pharmaceutiques de
cette invention. Les compositions administrées une fois
par jour presentent une bio€équivalence substantielle par
rapport au metronidazole a libération i1mmédiate
administre trois fois par jour. Les compositions de
I"'invention comprennent: (a) une premicre part de
metronidazole d’environ 59 % en poids a environ 79 %
en poids; (b) environ 1,5 % en poids a environ 3 % en
poids d’un copolymere d’ester d’acide
poly(meth)acrylique, 1nsoluble, aqueux qui est
permeable a 1'eau, expansible a I’eau et indépendant du
niveau de pH; (¢) environ 0,1 % en poids a environ 2 %
en poids d un agent anti-adhéesit; (d) O a environ 23 % en
poids d’un premier diluant pharmaceutique soluble,
aqueux; (¢) O a environ 23 % en poids d’un second
diluant soluble, aqueux qui est appropri€ pour constituer
un comprime pharmaceutique lorsqu’il est comprime
avec les granules de (a), le second diluant soluble,
aqueux ¢tant i1dentique ou different du premier diluant
soluble, aqueux; (1) O a environ 20 % en poids d’une
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(57) Pharmaceutical compositions having a modified
release profile for once daily dosing of metronidazole,
methods for making the pharmaceutical compositions,
and methods for treating a microbial infection with once
daily dosing of the pharmaceutical compositions of the
invention are provided. The compositions given once
daily exhibit substantial bioequivalence to immediate
release metronidazole given three times per day. The
compositions of the mvention comprise: (a) a first
portion of metronidazole which 1s about 359 wt.% to
about 79 wt.% metronidazole; (b) about 1.5 wt.% to
about 3.0 wt% of an aqueous 1nsoluble
poly(meth)acrylic acid ester copolymer which 1s aqueous
permeable, aqueous expandable and pH- independent;
(c) about 0.1 wt.% to about 2.0 wt.% detackifier; (d) O to
about 23 wt.% of a first aqueous soluble pharmaceutical
diluent; (e) O to about 23 wt.% of a second aqueous
soluble diluent which 1s suitable for forming a
pharmaceutical tablet when compressed with the
oranules of (a), the second aqueous soluble diluent being
the same as or different from the first aqueous soluble
diluent; (f) O to about 20 wt.% of a second portion of
metronidazole; (g) 0 to about 0.2 wt.% glidant; and
(h) O to about 2 wt.% lubricant; whereimn the composition
comprises  metronidazole  contamning  granules
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seconde part de metromdazole:; (g) O a environ 0,2 % en
poids d’un agent de glissement; et (h) O a environ 2 % en
poids d’un lubrifiant. La composition comprend des
oranules renfermant le meétronidazole comprenant (a),
(b), (¢) et (d), la somme des pourcentages en poids du
metronidazole obtenue par (a) et () est comprise entre
environ 72 % en poids et environ 79 % en poids, et la
somme des pourcentages en poids du diluant soluble,
aqueux obtenue par (d) et (e) est comprise entre environ
16 % en poids et environ 23 % en poids.
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comprising (a), (b), (¢) and (d), wherein the sum of the
weight percentages of metronidazole provided by (a) and
(1) 1s between about 72 wt.% and about 79 wt.%, and
wherein the sum of the weight percentages of the
aqueous soluble diluent provided by (d) and (e) 1s
between about 16 wt.% and about 23 wt.%.
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(54) Title: MODIFIED-RELEASE METRONIDAZOLE COMPOSITIONS AND METHODS FOR MAKING AND USING SAME

(57) Abstract

Pharmaceutical compositions having a modified re-
lease profile for once daily dosing of metronidazole, meth-
ods for making the pharmaceutical compositions, and meth-
ods for treating a microbial infection with once daily dos-
ing of the pharmaceutical compositions of the invention are
provided. The compositions given once datly exhibit sub-
stantial bioequivalence to immediate release metronidazole
given three times per day. The compositions of the inven-
tion comprise: (4) a first portion of metronidazole which
1§ about 59 wt.% to about 79 wt.% metronidazole; (b)
about 1.5 wt.% to about 3.0 wt.% of an aqueous insolu-
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bie poly(meth)acrylic acid ester copolymer which is ague-
ous permeable, aqueous expandable and pH- independent:
() about 0.1 wt.% to about 2.0 wt.% detackifier; (d) 0 o
about 23 wt.% of a first aqueous soluble pharmaceutical
diluent; () 0 to about 23 wt.% of a second aqueocus solu-
ble diluent which is suitable for forming a pharmaceutical
tablet when compressed with the granules of (), the second
aqueous soluble diluent being the same as or different from
the first aqueous soluble diluent; (f} O to about 20 wt.%
of a second portion of metronidazole: (2) 0 to about 0.2
wt.% glidant; and (h} O to about 2 wt.% lubricant; wherein
the composition comprises metronidazole containing gran-
ules comprising (a), (b), (¢) and (d), wherein the sum of the
welight percentages of metronidazole provided by (a) and (f)
s between about 72 wt.% and about 79 wt.%, and wherein
the sum of the weight percentages of the agueous soluble
dituent provided by (d) and (e) is between about 16 wt. %,
and about 23 wt.%.
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MODIFIED-RELEAESE METRONIDAZOLE COMPOSITIONS
AND METEODS FOR MARKING AND USING BAME

LD OF TEE INVENTION

This invention relates generally to metronidazole
containing pharmaceutical compositions and particularily
to modified release metronidazole compositions which,
when taken once daily, release a therapeutically
effective amount of metronidazole over a 24 hour
period.

GROUND OF I ON

The use of metronidazole, l-{2-hydroxyethyl)=-2-
methyl-5~nitroimidazole, has long been known for the
treatment cof trichomoniasis and more recently for the
Ctreatment of bacterial vaginosis. There are currently
at least two effective ways to treat trichomoniasis or
bacterial vaginosis with the administration of a
metronidazole composition. In the f£irst methed, a
single, large dose (~2 grams) of metronidazole is given
as a bolus to the patient. The single treatment is
clinically effective. A major drawback to the
administration of a single large dose of metronidazole
is occcurrence of significant and undesirable side
effects such as nausea.

A second and more generally accepted treatment
entails orally administering 250 mygs of metronidazole
three times a day for a period of 7 days. The lower
dosages of metronidazole over a period of a week
significantly reduce the occurrence and severity of
side effects. However, patient compliance is a problenm
since patients can inadvertently forget to take one or
more doses during the course of treatment, causing the
plasma metronidazolie levels to drop to below an
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acceptable therapeutic level for a pericd of several
hours or more.

The use of metronidazole is also known for the
treatment of various other conditions, inciuding
amebiasis (acute amebic dysentery), and Hellicobacter
pylori infections associated with duodenal ulcer
disease, see, e.g., D. Graham, et al., Annals of
Internal Medicine, 115, 266—26S (1991).

In order to reduce the number of daily doses of
metronidazole needed to treat a microbial infection,
while maintaining the benefits of making bicavailable
effective amounts of the drug over an extended time
period, it would be desirable to be able to deliver a
therapeutically effective amount of metronidazole in a
once dailly dose.

Effectively maintaining acceptable biocavailability
of metronidazole for up to 24 hours with a single dose
and without increased side effects relative to the
conventicnal multiple dose regimen cannot be
accomplished simply by increasing the amount of active
drug in a single dose. Metronidazole 1s agueous
soluble and is rapidly absorbed by the bloodstrean.
Metronidazole is alsoc rapidly cleared from the
bloodstream. Thus, merely administering increased
amounts of immediate-release metronidazole results in a
rapid peak, followed by a rapid decline in
metronidazole levels. Such a profile is undesirable
because of side effects caused by high peak levels of
metronidazole. Also, the rapid clearing of the drug
does not permit plasma metronidazocle to remain at
acceptable levels for 24 hours. |

on the other hand, adding amounts of excipients in
ratios typical of conventional modified release
formulations which are presently available would result
in a tablet which is too large for coral administration.
For example, 750 mg of metronidazole represents at
least about é 2-fold greater amount of active
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ingredient than is presently available in other
pharmaceutical compositions which are available in
modified release form. Moreover, metronidazole itself
is not readily compressible, which presénts a
significant problem with respect to forming modified
reiease tablets. |

Thus, there is a need to be able to provide a
modified release metronidazole composition which is
capable of delivering acceptable bicavailability for up
to 24 hours. The composition should be readily
compressible such that the entire dose may be provided
in a single tablet suitable for oral administration.
In order toc keep the size of a single tablet in the
range of about 1000-1100 mg, while providing about 750
mg ©f metronidazole, a minor amount of excipient (less
than about 30% by weight) must be capable of lmparting
both compressibility properties (for tabletting) and
modified release properties (for bicavailability).
Heretofeore, there has not been a modified release oral
tablet dosage of metronidazole which is suitable for
once daily dosing, even though metronidazole has been
an accepted therapeutic treatment for trichomoniasis

for over 25 vears.

The present invention provides pharmaceutical
compositions for once daily dosing of metronidazole
having substantial bioequivalence to immediate release
metronidazole given three times per day. The
compositions of the present invention comprise greater
than 70% metronidazole and less than 30% exXcipient,
yet, surprisingly, are capable of being tabletted and
of providing modified release of metronidazole for up
to 24 hours. The compositions of the invention
comprise metrcnidazole containing granules and
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charmaceutically acceptable excipients. The
compositions comprise:

(ay a first portion of metronidazole which is
about 59 wt% to about 79 wti¥ metronidazole;

(b) about 1.5 wt% to about 2.0 wt% of an agqueous
insoluble poly(meth)acrylic acid ester copolymer which
is acqueous permeable, agueous expandable and pH-
independent;

(c) about 0.1 wt% to about 2.0 wt$ detackifier;

(d) 0 to about 23 wt¥ of a first aqueous soluble
pharmaceutical diluent;

(e) 0 to about 23 wt¥ of a second acqueous soluble
diluent which is suitable for forming a pharmaceutical
tablet when compressed with the granules of (a), the
second agqueous soluble diluent being the same as or
different from the first agueous soluble diluent;

(f) O to about 20 wt¥ of a second portion of

metronidazole;

(g) 0 to about 0.2 wt% glidant; and

(h) 0 to about 2 wt#% lubricant;

wherein the composition comprises metronidazole
containing granules comprising (a), (b), (¢} and (d),
wherein the sum of the weight percentages of
metronidazole provided by (a) and (f) is between about
75 wt% and about 79 wt%, and wherein the sum of the
weight percentages of the agqueous soluble diluent
provided by (d) and (e} is between about 16 wt% and
about 23 wtk.

A presently preferred modified release
metronidazole composition comprises 74.05 wis
metronidazole, 8.22 wti% hydrous lactose, 2.47 wth
Eudragit® NE 30 D (solids), 1.23 wt$ talc, 0.03 wt%
gimethicone emulsion, 12.90 wt% anhydrous lactose
(direct tablet grade), 0.10 wt% colloidal silicon
dioxide, and 0.99 wt% magnesium Stearate.

The present invention also includes a method for
making a composition of the inventicn, which method
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comprises producing metronidazole containing granules
in a fluid bed granulation step employing agqueous
insoluble poly(meth)acrylic acid ester copolymer as the
retard agent. The use of poly(metn)acr?lic acid ester
copolymer as a retard agent unexpectedly vields
granuies which provide both modified release
characteristics useful for once daily oral
administration of metronidazole and compressibility
characteristics which allow the compositions of the
invention to be compressed into tablet form.

The present invention also entails a method for
treating an infection caused by a microorganism which
is susceptible to metronidazole, which method comprises
administering to a patient having the infection an
effective amount of a composition of the invention ocnce
daily for a number of days sufficient to eliminate or
resolve the infection.

BRIEY DESCRIPTION O RAWIN

Figure 1 is a flow diagram representing a
preferred method for making modified release
metronidazole composition of the invention;

Figure 2 is a graphical depiction of the
bloavailability of a commercially available immediate
release metronidazole composition, a modified release
metronidazole composit:ion comprising 2.47 wts
poly(meth)acrylic acid ester (formulation C) showing
very good bloavailability, and a modified release
metronidazole composition comprising 1.95 wtd
poly(meth)acrylic acicd ester (formulation D) showing
very good biocavailability;

Figure 3 is a graphical depictiocn of the
bioavailability (for comparison to Figure 2) of a
commercially available immediate release metrenidazole
composition, a metrenidazole compositien comprising
5.05 wtk ethflcellulose as a release agent (formulation
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and 6.38 wt% ethylcellulose as a release agent
(formulation F), also showing very poor modified
release characteristics;

Figqure 4 is a graphical depiction of the
bicavailability (for comparison to Figure 2) of a
commercially available immediate release metronidazole
composition, a modified release composition comprising
8.99 wt% ethylcellulose dispersion as the release
agent, showlng poor biocavailability (formulation A) and
2 modified release metronidazole composition comprising
4.6 wts poly(meth)acrylic acid ester as the release
agent also showling pcor bicavailability (formulation
B); and

Figure 5 is a graphical depiction of in vitro
dissolution rates for modified release metronidazole
compositions comprising poly(meth)acrylic acid ester.
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In one of its aspects the invention provides
modified release, metronidazole-containing compositions
which permit a slow release of metronidazole into the
blocodstream over a 24 hour pericd. The pharmaceutical
compositions of the present invention comprise:

(a) a first portion of metronidazole which is
about 59 wt% to about 79 wt% metronidazole;

(b) about 1.5 wti to about 3.0 wt% of an agueous
insolubkle poly(meth)acrylic acid ester copolymer which
is agqueous permeable, agueocus expandable and pH-
independent;

(c) about 0.1 wt% to about 2.0 wt% detackifier;

(d) 0 to about 23 wt% of a first aqueous soluble
pharmaceutical diluent;

(e) 0 to about 23 wt% of a second agueous soluble
diluent which is suitable for forming a pharmaceutical
tablet when compressed with the granules of (a), the
second agueous soluble diluent being the same as or
different from the first agueous soluble diluent;

(f) O to about 20 wti% of a second portion of

metronidazole;

(g) 0 to about ¢.2 wt% glidant; and

(h} 0 to about 2 wt% lubricant;

wherein the composition comprises metronidazole
containing granules comprising (&), (b), {(c) and (4),
wherein the sum of the weight percentages of
metronidazole provided by (a) and (f) is between about
72 wt% and about 79 wt%, and wherein the sum of the
weight percentages of the agqueous soluble diluent
provided by (d) and {e) 1is between about 16 wt% and
about 23 wt#%.

] The compositions of present invention release
greater than about 90%-98% of their total metronidazole
content at a controlled rate over a 24-hour pericd.
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The C,,, and AUC attained after a single dose are
comparable to the C_,,, and AUC values which are achieved

by thrice daily oral administration of 250 mg immediate
release Flagyl® (G.D. Searle & Co., Skokie, IL 60C77).
As used herein the term "C_,,." means the maximum plasma
metronidazole concentration achieved after orail
administration of metronidazole. The terms "AUCY" or
"area under the curve" mean the total amcunt of
metronidazole absorbed by the blcodstream in a
predetermined time, generally 24 hours. AUC is a
measure of bicavailability which is calculated by
integrating plasma metronidazole levels with respect to
time.

The term "granules! or “metronidazole-containing
granules" as used herein refers to particles produced
in a granulation process, which particles comprise
metronidazole, poly(meth)acrylic acid ester copolymer,
a detackifying agent and preferably an aqueous soluble
diluent.

As used herein, all percentages for ingredients
are weight percentages, based on the total weight of
the pharmaceutical composition, unless otherwise
stated. In this respect, it should be noted that the
pharmaceutical compositions of the invention are
defined as comprising metronidazole containing
granules. The granules are blended with certain
excipients to produce the pharmaceutical compositions.
The major constituent of the granules is metronidazole
(i.e., the "first portion of metronidazole").
Accordingly, it will be appreciated that while a first
portion of metronidazele is present in an amount up to
79% by weight, with respect to the total weight of the
pharmaceutical compositicn, the granules may comprise
up to about 98 wt% of metronidazole (i.e., "first
portion"), depending upon the amount of cother
constituents in the granules. In particularly
preferred embodiments of the invention, the granules
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comprise about 85 wt¥-90 wti metronidazole with respect
to the total weight of the granules.

The compositions of the present invention may
comprise, optiocnally, a second portion of metronidazole
which 1is present in an amount of up to 20% by weight.
This opticnal second portion of metronidazole is not
utilized in forming the granules, but is mixed in with
the granules after they are made. The addition of a
second portion of metronidazole is referred to in the
Examples herein as being added "neat." The seccnd
portion of metronidazole, if added, typically augments
the release profile of the compositions of the
invention such as by increasing the C_,. attained.

The synthesis of metronidazole is well known, for
example as shown 1n U.S. Patent No. 2,944,061.
Metrecnidazole 1s also commercially available from
Farchemia, S.p.A. {(Treviglio, Italy) as well as from a
variety of other commercial sources. It is presently
preferred to mill the metronidazole (first portion and
second portion, if any) to a particle size of about 40
mesh or smaller.

Metronidazole containing granules further comprise
a poly(meth)acrylic acid ester copolymer as a modified-
release agent or retard agent. Poly(meth)acrylic acid
ester copolymers which are contemplated for use in the
compcsitions of the invention are pH~independent,
agqueous 1insoluble, agueous permeable and agueous
expandable, such as those copolymers which are
commercially available under the name Eudragit® NE30D
from ROhm Pharma (Weiterstadt, Germany). By "pH-
independent” it is meant that the copolymers are
substantially inscluble in gastric juices, intestinal
Julces and water. By use of the term "agqueous
permeable" 1s meant that agueous solutions can pass
through pores in the structure of the copolymer. By
the term "aqueous expandable" it is meant that the
copolymer composition is capable of swelling in an
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aqueous solution. Fudragit® NE30D copolymers nave an
average molecular weight of about 800,000 daltons. The
compositions of the present invention comprise from
about 1.5% by weight to about 3.0% by wéight, more
preferably from about 1.9% to about 2.5% by weight of a
poly(meth)acrylic acid ester copolymer.

Matronidazole containing granules desirably, but
not necessarily, further comprise a first agueous
soluble diluent. Among the pharmaceutically
acceptable, first agqueous soluble diluents which may be
used are lactose, sucrose, dextrose, mannitol,
sorbitol, and the like. The first aqueous soluble
diluent may comprise up to 23% Dby weight of the total
weight of the pharmaceutical compositions of the
invention. It is presently preferred that the first
agqueous soluble diluent is present in an amount of from
about 5% to about 11% by weight, more preferably from
about 6% to about 9% by weight, based on the total
weight of the pharmaceutical composition. A
particularly preferred first aqueous soluble diluent is
hydrous lactose.

I+ should be appreciated that, inasmuch as the
amount of first agqueous soluble diluent employed 1is
incorporated in the granulation process, the amount of
first agueous soluble diluent used, if any, reduces
proportionately the amount of metronidazole which may
granulated, and thus the number of tablets which may be
produced in a single batch.

Since metronidazole containing granules comprising
poly(meth)acrylic acid ester copolymer are
characteristically tacky, the granules should also
comprise an effective amount of a detackifying agent.
Suitable detackifying agents, which may be present in
effective amounts of from about 0.1% to about 2% by
weight, include talc, magnesium stearate, calcium
sulfate, glyceryl monostearate, and the like. Finely

10
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particulated talc (e.g., 500 mesh) is a preferred
detackifying agent.

A presently preferred method for preparing
metronidazecle containing granules amploys fluidized bed
granulation. In conventional fluidized bed granulation
methods, dry particles of the active ingredient and
diluent are suspended in a rising air column and
substantially continuously sprayed with a liquid which
binds the particles so as to gradually build-up
granules as they are suspended in the air column. One
advantage of fluidized bed granulation is that it
produces dry granules. It may be desirable, although
not necessary, to include an effective amount of an
antifoam agent (e.g., 2.01 wt% - 0.05 wt% simethicone
emulsion) in the liguid suspension which is sprayed
during the fluid bed granulation process.

After the granulation process is completed, an
effective amount of glidant (e.g., about 0.01% - 0.2%
by weight or more) may be added to the produced
granules, 1if desired, %o improve flow characteristics
of the mixture, thereby facilitating transfer of the
mixture during the manufacturing steps. Several
pharmaceutically acceptable glidants are well known to
those of ordinary skill in the art. A presently
preferred glidant is colloidal silicon dioxide.

In a preferred embodiment, compositions of the
present invention comprise a second agueocus soluble
diluent, which may be the same as or different from the
first agueous soluble diluent. The second agqueous
soluble diluent is an excipient which is blended with
the produced granules and which may impart good
compressibility, hardness and friability gqualities to
the compositions of the invention. Examples of second
agueous soluble diluents, include lactose, sucrose,
dextrose, mannitol, sorbitel and the like. These
pharmaceutical diluents are well known and commercially
available infforms which provide desirable

11
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compressibility traits (e.g.;, direct tablet grade (DTG)
anhydrous lactose).

The compositions of the invention may comprise up
to about 23% by weight, more preferably from about 8%
to about 18% by weight, and most preferably from about
12% to about 17% by weight of the second aqueous
csoluble diluent. A presently preferred second agueous
soluble diluent is anhydrous lactose (direct tablet
grade). While the first agueous scluble diluent and
the second aqueous soluble diluent may each comprise up
to 23% by weight of the compositions of the invention,
importantly, the sum of the weight percentages of the
first and the second agqueous soluble diluents should be
from about 16% to about 23% based on the total weight
of the compositions.

The compositions of the present invention may be
conventionally compressed into tablets after the
metronidazole containing granules are mixed in with the
above-described excipients. It is presently preferred
that each tablet comprise between about 600 mg and
about 1000 mg of metronidazole, more preferably about
750 mg of metronidazole, so as to provide a once daily
dosage of metronidazole suitable for administration for
a periocd of several days. It will be appreciated,
nowever, that the compositions may be tabletted into
smaller weight units if it were desired to administer
more than one tablet at a time.

To facilitate mechanical release of the tablets
from the tablet press after compression, an effective
amount of a pharmaceutically acceptable lubricant, as
is well known in the art, may be added to the
compositions. It is presently preferred to use
magnesium stearate in an amount of from about 0.1% to
about 2.0% by weight.

12
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In another of its aspects, the present invention
entails a method for making a modified release
metronidazole tablet which is capable of delivering, in
a single oral dosage, a therapeuticallyfeffective
amount of metronidazole over a 24 hour periocd. The
method of the invention comprises the steps of:

(a) contacting in a fluid bed granulator, under
conditions suitable for producing granules, (1) a dry
mixture comprising from about 59 to about 79 parts by
weight of a first portion of metronidazole and
optionally up to 23 parts by weight of a first aqueous
soluble diluent with (2) an agueous suspension
comprising from about 1.5 to about 3.0 parts by weight
of an aqueous insoluble, pH-independent, aqueous
expandable polymethacrylic acid ester copolymer, and an
effective amount of a detackifying agent:

(b) combining the granules produced in step (a)
with an effective amount of a pharmaceutically
acceptable glidant;

(c) i1f necessary, particle~sizing the mixture of
(b) to provide a mixture with a substantially uniform
particle size suitable for compressing into tablet
form:;

(d}) optionally blending the mixture with up to
about 20 parts by weight of a second portion of
metronidazeocle;

() blending the mixture with up to 23 parts by
weight of a second agqueous soluble diluent and an
effective amount of a pharmaceutically acceptable
lubricant: and |

(f) compressing a predetermined amount of the
blended mixture of step (e) to produce a tablet.

By use of the phrase "particle-sizing" with
respect to a mixture comprising metronidazole grahules
is meant processing a blended mixture which may have a
wide distribution of particle sizes to yield a mixture
having a subétantially uniform particle size. Milling

13
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and sieving procedures, used alone Or in combination,
are well known in the art for achieving a mixture‘
having a uniform particle size within a.predetermined
size range (e.g., 20 mesh)}. |

with reference to FIG. 1, an especially preferred
method 10 for making the compositions of the invention,
utilizing fluid bed granulation, is described.
Metronidazole 12 and hydrous lactose 14 are added as
dry ingredients into the fluid bed granulator. The dry
starting ingredients may have a particle size within a
broad range so long as the particles may be suspended
by the air flow during granulation. An agueous
suspension 16 comprising an agueous dispersion of
Eudragit® NE30D, talc and optionally simethicone
emulsion (antifoam) is produced with gentle stirring to
provide the aqueous suspension for spraying during
granulation. rluid bed granulation 18 1s carried out
as is well known in the art. The granules which are
produced are nixed with colloidal silicon dioxide 20,
as a glidant, to improve the filow quality and sieved 22
through a screen having a suitaple mesh size (e.g., 12
- 20 mesh), bilended 24 in a conventional e.g., twin-
shell blender with anhydrous lactose 26 and magnesium
stearate (lubricant) 28, conventicnally compressed 30
into tablets, and coated 32 with a rapidly dissolving
agueous socluble polymeric film material such as
hydroxyprepyl methylcellulose polymer, as is well known
in the art. The preferred embodiment of the method 1is
exemplified in Example 1, below.

In anocther of its aspects the present invention
entails a method for treating a patient infected with a
microorganism which 1is susceptible to metronidazole,
which method comprises administering to a patient
having the infection a composition of the invention
once daily for a number of days sufficient to eliminate
or resolve an infection caused by the microorganisms.

14
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Metronidazole is known to be effective for killing
such microorganisms as Trichomonas vaginalis, Entamoeba
histolytica, Helicobacter species, such .as Helicobacter
pylori, anaerobic gram-negative Bacilli; including
Bacteroides fragilis, Bactercides distasonis,
Bacteroides ovatus, Bacteroides thetalotaomicron,
Bactercides vulgatus, Fuscbacterium species, anaerobic
gram-positive bacilli including Clostridium species and
susceptible strains of Eubacterium, anaerobic gram-
positive cocci including Peptococcus species and
Peptostreptococcus species, and the like.

Among the diseases or conditions which may be
treated with once daily administration of the
compositions of the present invention are
trichomoniasis, bacterial vaginosis and duodenatl ulcer
disease which is associated with the presence of
Helicobacter pylori. With respect to H. pylori, it is
well known to administer metronidazole in combination
with other active ingredients such as bismuth and
amoxicillin or bismuth and tetracycline. Chiba et al.,
Amn. J. Gastroenterology, 87, 1716-1727 (1992); E.
Herschel et al., New England J. Med., 328, 308-312
(1993).

A therapeutically effective regimen for treating
an infection caused by a microorganism which is
susceptible to metronidazecle entails once daily oral
administration of a composition of the invention which
has between about 600 mg metronidazole and about 1000
mg metronidazole, preferably about 750 mg metronidazole
for a period of between about 5 days and about 15 days
Or more. The clinical resolution of the infection or
disease is readily determined by a clinician of
ordinary skill in the art, such as by microbiological
testing or disappearance of clinically characteristic
symptems. The dosage of metrcnidazole given and/or the
length of treatment may be increased or decreased based
on the type éf infection, the degree of susceptibility

15
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of the microorganism to metronidazole, the age and
general health of the patient, and like factors of
which a clinician of ordinary skill in the art is aware
and utilizes in the management of a patlent.

5 The following non-limiting Examples are given by

way of illustration. :

EXAMPLE 1
PREPARATION OF MODIFIED RELEASE METRONIZADOLE
10 COMPOSITION
This example demonstrates a method for preparing a
once-daily metronidazole tablet of the invention,
employing fluid bed granulation.

15 185.13 kg metronidazole (Farchemia, S.P.A.,
Treviglio, Italy) was milled using a Fitz-Mill fitted
with a 40 mesh screen at medium speed, impact forward.
The milled metronidazole and 20.55 kg of hydrous
lactose (Sheffield, Corp., Norwich, NY) were combined

20 in a Vector Freund, Model # FLF-200 fluid bed
granulator (Mariomn, Ia), fitted with a single spray arm
having 3 nozzles for spraying the coating suspension.

The coating suspension was prepared by combining
the following in a mixing tank equipped with a suitable

25 propeller mixer and fluid recycling capability: (1)
20.58 kg of EBudragit® NE30D (30% (w/Vv) agqueous
dispersion) (R6hm Pharma, Wweiterstadt, Germany), (ii)
0.08 kg of Simethicone rmulsion (Dow Corning, Midland,
MI), and (iii) 100 nl of water. After the Eudragit®

30 containing suspen51on had ‘stirred for several minutes,
3.07 kg of Alphafill 500 Talc (Luzenac America,
Englewood, CO) was slowly added with mixing over 2
period of 30 minutes +o ensure wetting of the talc
particles, importantly, without imparting substantial

35 shear to the Eudragit® polymer. The mixture was mixed
and rec1rculated for an additional 60 minutes to
provzde a uniform suspension. Alternatively, the above-

mentioned m1x1ng tank may be fitted with an Arde

16
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Dispershear apparatus (Arde Barinco, Norwood, NJ),
which, in combination with filuig recirculation, should
likewise suspend the talc without imparting substantial
shear. |

The granulator, lcaded with the metronidazole and
lactose, was run until the inlet air temperature
stabilized at 40° C (about 5 minutes)}.  Once the inlet
air temperature stabilized at 40° ¢, spraying of the
coating suspension was begqun with the spray qun
operated at an atomizing pressure of 50-55 psig and a
Spray rate of about 600 grams per minute. The coating
suspension was maintained with continuous stirring
throughout the process. Inlet air temperature for the
fluidization air was maintained at approximately 40° C
throughout the granulation process.

When the entire coating suspension had been
sprayed, the pump was stopped and fluidization was
continued to reduce the moisture content of the
granulation to less than 1%. Then the granulator was
stopped, 0.25 kg colloidal silicon dieoxide (Aercsil
200, Degussa Corporat.ion, Ridgefield Park, NJ) was
added and mixed in by hand. The granulateor was
restarted and fluidization was continued for an
additional 30 seccnds to effect mixXing.

The granulation was removed from the granulator
and sieved by sifting it through a Sprout-waldron
sifter fitted with a 14 mesh screen. The sieved
granulation was transferred into a Patterson-Kelly V-
blender (30 cubic foot capacity), combined with 32.25
kg anhydrous lactose (direct tablet grade) (Sheffield
Corp., Norwich, NY), and the mixture was blended for 10
minutes. Then 2.50 kg of magnesium stearate
(Mallinckrodt Chemical, St. Louis, MO) was added to the
mixture and blended for 5 minutes to provide a
metronidazeole containing composition suitable for
tabletting.

17
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ronidazcle-containing formulation was

The met
54 {(Stokes-

rred to the hopper of a Stokes 4
pPA) 35-station rotary tablet press
v 0.375" oval shape tablet

transfe
Merrill, Bristol,

5 tooling. The formulation
at a theoretical weight of 1,013 mg to & thickness of

ess of about 11 kilopounds.

0.255" and a haran
ted with

The compressed rablets were then coa
Opadry. Opadry coating suspension was prepared by
10 mixing 9.60 kg of opadry Blue y5-1-4256 with 54.4 Kg
purified water for 30 minutes. The compressed tablets
were loaded into a Vector Hi~Coater (Vector COrp.,
Marion, IA) and sprayed with the Opadry suspension at a

rate of about 500 g/minute TO produce the coated,

15 metronidazole tablets.

EXAMPLE 2

MODIFIED RELEASE METRONIDAZOLE

BIOAVAILABILITY OF
COMPOSITIONS

20
demonstrates the ability of defined

This example
formulations comprising 750 mg of metronidazole to
hicavailabilty of

provide, with a single daily dose,

metronidazole over a ~4-nour periocd, which is

25 comparable to the bioavailability provided by thr
daily doses of immediate release metronidazole
(Flagyl®, 250 mg, c. D. Searle & Co., gkckie, IL) as
determined by the ared under the curve (AUC). This
example describes TWO related in vivo studies which

30 neasured the plasma metronidazole levels achieved after

oral administration of various modified-release
The modified release formulations were

ice

formulation.

made essentiall
In one in vivo study,

teers were divided into 3 groups of 3.

35 volun
compositions were tested: (i) & modified release
(Formulation A),

composition comprising ethylcellulcse
(1i) a modified release compesition comprising

y as described in Example 1.
nine (9) healthy female
Three
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Eudragit® NE30D (Formulation B), and (iii} Flagyl®, an
immediate release metronidazocle composition. Plasma
metronidazole levels were determined over a 36-hour
period, after a single oral administration of the
respective compositions. Each individual was
administered each of the three formplations. The study
was completed over ithree consecutive weekends to
provide a one-week washout period between
administrations.

In the other related in vivo study, the protocel
was essentially as the above-described study, except as
follows. Twelve (1l2) healthy femaie volunteers were
divided into four groups of three; two Eudragit®-
containing formulations (C and D) and two
ethylcelluleocse formulations (E and F) were tested; all
individuals received Flagyl (250 mg) and either the two
Eudragit®-containing formulations or the two
Surelease®-containing formulations but there was no
crossover between the Eudragit®-containing and
ethylcellulose~contalining formulations. Because of the
linear bicavailability kinetics exhibited with Flagyl,
the plasma metronidazole levels attained with a 250 ng
dose were statistically scaled to a 750 mg dese.

In the in vivo studies, following administration
of a formulation, individual plasma metronidazole
levels were measured at predetermined times utilizing a
validated assay method emploving a Supelco~LC-~18 high
performance ligquid chromatography column with UV
spectrophotometry at 320 nm being used to detect the
concentration of metronidazole. A commercially
available software program, PCNONLIN (ClinTrials, Inc.,
Lexington, KT 40504), was used to evaluate the plasma
concentration values derived at each timepoint and
determine the area under the curve (AUC) and maxilmum
concentration (C,,,) afforded by each of the
formulations.
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The formulations which were administered are as

follows:

PO RN L O

mg/tablet
Metronidazole USP ' 7%0.0
Microcrystalline Cellulose, PE10l1 NF 83.3
Surelease Solids
(Ethylcellulose Dispersion, 25% Solids) 83.3
Simethicone Emulsion USP
(Antifoam C Emulsion) 0.7
Hagnesium Stearate NF 9.2
926.5
ma/tablet
Metronidazole USP 750.0
Microcrystalline Cellulose, PHI101l NF 83.3
Budragit NE30D Solids
(Acrylic Resin, 25% Solids) 1.7
Talc USP (500 mesh) 20.8
Simethicone Emulsion USP
(Antifoam C Emulsion) 0.3
Colloidal Silicon Dioxide NF 0.8
Magnesium Stearate NF 2.0
905.9
EEEEEEEEEOH C
mg/tablet
Mstronidazole USP 750.0
Lactose, Hydrous NF B3.3
Pudragit NE30D Solids
(Acrylic Resin, 30% Solids) 25.0
Talc USP (500 mesh) 12.5
Simethicone Emulsion USP
(Antifoam C Emulsion) 0.3
Lactose, Anhydrous (DTG) NF 130.7
Colloidal Silicon Dioxide NI 1.0
Magnesium Stearate NF 10.0
1012.8

20

% wiw

80.95
8.99

8.99

0.08
0.99

% w/w

82.79
9.20

4.60
2.30

0.03
0.09
0.99

% w/w

74.05
8.22

2.47
1.23

0,03
12.90
0.10
0.99
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FORMULATION D

mgs/tablet
Metronidazole USP
(20% of Metronidazole added neat) 750.0
Lactose, Hydrous NF 66.6
Eudragit NE30D Solids 4
(Acrylic Resin, 30% Solids) 20.0
Talc USP (500 mesh) 10.0
Simethicone Emulsion USP
(Antifoam C Emulsgion) 0.3
Lactose, Anhydrous (DTG) NP 169%.4
Colloidal 8ilicoen Dioxide NF 1.0
Magnesium Stearate NP 10.2

1027.5

FORKULATION E —

mg/tablet
Metronidazole USP 750.0
(20% of Metronidazole added neat)
Microcrystalline Cellulose, PHIO1 NF 66.6
Sureisase Solids
(Ethylcelliulose Dispersion, 25% Solids) 53.3
Simethicone Emulsion USP
(Antifoam C Emulsion) 0.5
Microcrystalline Cellulose, PHE102 NP 174.0
Magnesium Stearate NF 10.4

 1054.8
!ORHULIIIQE r

na/tablet
Metronidazole USP 750.0
Microcrystalline Cellulose, PHE101 NF 83.3
Surelease Solids
(Ethylicellulose Dispersion, 25% Solids) 66.7
Simethicone Emulsion USP
({Antifoam C Fmulsion) 0.6
Microcrystalline Cellulose, PH102 NF 135.0
Magnesium Stearate NF 10.4

1046.0

2l

PCT/US95/0000%

$ w/w

72.99

6.48

1.95
0.97

c.03
16.4%9

0.10
0.99

2 w/w

71.10

6.31

5.05

0.05

16.50
0.99

$ wiw

-71.70

7.96

6.38

0.06

12.91
0.99
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The results of the studies are depicted
graphically in Figures 2-4.

Formulations C and D, which comprise 2.47% and
1.95% Fudragit® NE30, respectively, proﬁided
bioavailability of metronidazole over 24 hours which
was substantially egquivalent to that of the immediate
release Flagyl®, as determined by the PCNONLIN program.
The ratio of AUC ¢ormuiation c)*BUC(riagyle) WaS 0.961, and
the ratio of AUC formuiation D) AUC(rlagyie) WaS 1.01.

Also these compositions exhibited desirable modified
release characteristics; plasma metronidazoile levels
vere maintained between about 2.5 mcg/ml and about 13.5
meg/ml over the entire 24-hour period (Figure 2).

As Figure 3 demonstrates, the ethylcellulose-
containing compositions, Formulations E and F,
exhibited poor release characteristics. While the
bicavailability of the ethylcellulose-cecntaining
compositions was similar to Flagyl® --the ratio of
AUC ¢ormulation g) *AUC plagyiey Was 1. 07, and the ratio of
AUC  sormulation ry $AUC plagyre) Was 1. 02-- the composition
of Formulations E and F exhibited substantially no
modified release characteristics.

Figure 4 demonstrates that Formulation A
(comprising ~9% Surelease®) and Formulation B
(comprising 4.6% Eudragit® NE30D) were able to slow the
release of metronidazole, but only at the cost of
greatly reducing the bicavailability of metronidazole.
The ratio of AUC g¢ormulation A)*AUC(rlagyle) WaS 0.357, and
the ratio of AUC ¢ormuiation gy $AUC r1agyiey Was O. 397.
Thus, these compositions were able to provzde only
about 35%-40% biocavailability of metronidazole,
conmpared to Flagyl®,

Tn view of the above it will be seen that the
compositions of the invention importantly provide
bioavailability of metronidazole which is comparable to
Flagyl®, whlle at the same time exhibiting a controlled
rate of release so that plasma metronidazole levels are
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Flagyl®, while at the same time exhibiting a controlled
rate of release s¢o that plasma metronidazole levels are
not caused t¢o spike, but rather are maintained at
levels of between about 2.5 mcg/ml and i3.5 mcg/ml over
a 24 hour periecd, which provides sustained therapeutic
effectiveness.

r

EXAMPLE 3

IN VITRO DISSOLUTION OF MODIFIED RELEASE
METRONIDAZOLE COMPOSITIONS

This example demonstrates the rate of in vitro
dissolution cf modified release metronidazole tablets
comprising poly(meth)acrylic acid ester. The
dissolution rates for the compositicns of the invention
correlate to the in vivo bicavailability of
metronidazole formulations comprising poly(meth)acrylic
acid ester.

The dissolution tests were performed using the
standard USP XXII Dissolution Apparatus 2 (paddles),
run at 50 RPM, in Deionized Water at 37°C for 12 hours.
Five modified release formulations containing 750 mg
metronidazole, and an immediate release formulation
(Flagyl®, 3 x 250 mg.) as a control were tested. Three
of the modified release formulations were Formulation
B, Formulation C and Formulation D which are disclosed
in Exampie 2, above. The other two modified release
formulation are as follows:

23
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mg/tablet $ wiw
5 Metropidazole USP 750.0 78.48
(10% cf metronidazole added neat)
Lactose, Hydrous NF ‘ 75.0 7 .85
Budragit NE30D Solids
(Acrylic Resin, 30% Solids) 22.5 2.35
10 Talc USP (500 mesh) 11.3 1.18
Simethicone Emulsion USP
(Antifoam C Emulsion) 0.3 0.03
Lactose, Anhydrous (DTG) NF 86.0 2.00
Colloidal Silicon Dioxide NF 1.0 0.10
15 Magnesium Stearate NF 9.5% 0.99
955.6
FORNULATION H
20 mg/tablet % wiw
Metronidazoie USP 750.0 77.42
Lactose, Hydrous NF 83.3 8.60
Fudragit NE30D Solids
25 (Acrylic Resin, 30% Solids) 25.0 2.58
Talc USP (500 mesh) 12.5 1.29
Simethicone Emulsion USP
(Antifoam C Emulsion) 0.3 .03
Lactose, Anhydrous (DTIG) NF 87.1 8.99
30 Colloidal Silicon Dioxide NF 1.0 0.10
Magnesium Stearate NF 9.6 .99
968.7
35 The dissolution data are depicted graphically in Figure
5. As a comparison Figure 5 to Figures 2-4
demonstrates, desirable in vitro release rates for
modified release metronidazole compositions of the
invention, as compared to immediate release |
40 metronidazole (Flagyl®), correlated well to 1n vivo

2181985

bicavailability.

While the present invention has been described 1in

some detail by way of illustration and examples,

24
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modifications which may be apparent to those having

ordinary skill in the art are intended to be within the
scope of the following claims.
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We Claim:

1. A pharmaceutical composition which is capable of beilng
compressed into a modified release, once daily dosage form of
metronidazole, the composition comprising:

(a) a first portion of metronidazole which 1s about 59 wts
+o about 79 wt% metronidazole; ‘

(b) about 1.5 wt% to about 3.0 wt% of an aéueous insoluble
poly(meth)acrylic acid ester copolymer which 1s agueous
permeable, agueous expandable and pH-independent;

(c) about 0.1 wt% to about 2.0 wt% detackifler;

(d) 0 to about 23 wt% of a first agqueous soluble
pharmaceutical diluent;

(e) 0 to about 23 wt% of a second agueous soluble diluent
which is suitable for forming a pharmaceutical tablet, the second
agqueous soluble diluent being the same as or different from the
first agqueous soluble diluent;

(f) 0O to about 20 wt% of a second portion of

metronidazole;

(g) 0 to about 0.2 wt% glidant; and

(h) 0 to about 2 wt% lubricant;

wherein the composition comprises metronidazole containing
granules comprising (a), (b), (¢) and (4d), wherein the sum of the
weight percentages of metronidazole provided by (a) and (f) 1is
between about 72 wt% and about 79 wt%, and wherein the sum of the
weight percentages of the agqueous soluble diluent provided by (d)

and (e) 1is between about 16 wt% and about 23 wt%.

- 26 =-
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2. A pharmaceutical composition according to Claim 1,
wherein the first agueous soluble diluent is presentﬂin an amount
of from about 5% and about 11% by weilight and the second agueous
soiuble diluent is present 1n an amount of from about 8% and
about 18% by welght.

3. A pharmaceutical composition according to Claim 2,
wherein the first agueous soluble diluent and the second agueous
soluble diluent are lactose.

4. A pharmaceutical composition according to Claim 1, which
comprises at least about 0.01% of a pharmaceutically acceptable
glidant and at least about 0.1% of a pharmaceutically acceptable

lubricant.

5. A pharmaceutical composition according to Claim 1
comprising (i) from about 1.9% to about 2.5% of the aqueous
insoluble poly(meth)acrylic acid ester copolymer; (ii) from about
6% to about 9% of the first agueous soluble diluent; and (11i1)
from about 12% to about 17% of the second aqueous'soluble
diluent; and wherein the sum of the percentage of the first
portion of metronidazole and the second portion of metronidazole
is from about 72.5% to about 74.5%.

6. A pharmaceutical composition according to Claim 1 whereln
the detackifying agent 1s talc.

7. A pharmaceutical composition according to Claim 1 which
comprises about 74.05% metroni@azole, about 8.22% hydrous
lactose, about 2.47% of the aqueous insoluble poly(meth)acrylic

acid ester copolymer, about 1.23% talc, about 0.03% simethicone

— 2‘7 o
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‘emulsion, about 12.90% anhydrous lactose, about 0.10% colloidal
silicon dioxide, and about 0.99% magnesium stearate.

8. A pharmaceutical composition according to Claim 1 which
comprises about 72.99% metronidazole, about 6.48% hydrous
lactose, about 1.95% of the aqueous insoluble poly(meth)acrylic
acid ester copolymer, about 0.97% talc, about 0.03% simethlcone
emulsion, about 16.49% anhydrous lactose, about 0.10% colloidal
silicon dioxide, and about 0.99% magnesium stearate.

9. A method for making a modified release metronidazole
composition, the method comprising the steps of:

(a) contacting in a fluid bed granulator, under-conditions
suitable for producing granules, (1) a dry mixture comprising
from about 59 to about 79 pérts by weight of a first portion of
metronidazole and optionally up to 23 parts by welght of a first
aqueous soluble diluent with (2) an aqueous suspension comprising
from about 1.5 to about 3.0 parts by weight of an aqueous
insoluble, pH-independent, agueous expandable polymethacrylic
acid ester copolymer, and an effective amount of a detackifying
agent,; .

(b) combining the granules produced in'step (a) with an
effective amount of a pharmaceutically acceptable glidant;

(c) if necessary, particle-sizing the mixture of (b) to
provide a mixture with a substantially uniform particle size
suitable for compressing into tablet form;

(d) optionally blending the mixture with ub to about 20 .

parts by weight of a second portion of metronidazole;
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(e) blending the mixture with up to 23 parts by_weight of a
second agueous soluble diluent and an effective amount of a
pharmaceutically acceptable lubricant; and

(f) compressing a predetermined amount of the blended
mixture of step (e) to produce a tablet;

wherein the percentage of metronidazole provided by (a) (1)
and (d) is from about 72% to about 79% Dby weight, based on the
total weight of the tablet, and wherein the percentage of agueous
soluble diluent provided by (a) (1) and (e) is from about 16% and
about 23% by weight, based on the total weight of the tablet.

10. A method according to Claim 9, wherein the first
agqueous soluble diluent is present 1in an amount of from about 5%
and about 11% by weight and the second agueous soluble diluent 1s
present in an amount of from about 8% and about 18% by weight.

11 A method according to Claim 10, wherein the first
agqueous soluble diluent is present in an amount of from about 6%
and about 9% by welight and the second aqueous soluble diluent 1s
present in an amount of from about 12% and about 17% by weight.

12. A method according to Claim 10, wherein the first
agqueous soluble diluent and the second aqueous soluble diluent

are lactose.

13. A method according to Claim 9 wherein the detackifying

agent 1s talc.

14. A method according to Claim 9 wherein the glidant 1s

silicon dioxide and is present in amount of about 0.1% DYy welght.
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15. A method according to Claim 9 wherein the lubricant is

magnesium stearate and is present in amount of about 1% by

welght.
16. A method according to Claim 9 wherein

the agqueous suspension of (a) (ii) further comprises an amount of
an antifoam agent effective to reduce foaming during step (a).
17. A method according to Claim 9 which further comprises

(g) coating the tablet with an aqueous soluble polymeric coating

material.

A48 . A modified release pharmaceutical tablet for once daily
dosing of metronidazole, the tablet comprising a therapeutically
effective amount of a pharmaceutical composition comprising:

(a) a first portion of metronidazole which 1is about 59 wt%

to about 79 wt% metronidazole;

(b) about 1.5 wt% to about 3.0 wt% of an agqueous 1insoluble
poly(meth)acrylic acid ester copolymer which is'aqueous
permeable, agqueous expandable and pH-independent;

(c) about 0.1 wt% to about 2.0 wt% detackiflier;

(d) 0 to about 23 wt% of a first aqueous soluble
pharmaceutical diluent;

(e) 0 to about 23 wt% of a second agueous soluble diluent
which is suitable for forming a pharmaceutical tablet, the second
aqueous soluble diluent being the same as or different from the
first agueous soluble diluent;

(f) O to about 20 wt% of a second portion of

metronidazole;

(g) 0 to about 0.2 wt% glidant; and

(h) 0 to about 2 wt% lubricant;
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wherein the composition comprises metronidazole containing

granules comprising (a), (b)), (c) and (d), wherein ﬁﬁe sum of the

welght percentages of metronidazole provided by (a) and (f) is
between about 72 wt% and about 79 wt%, and wherein the sum of the
weight percentages of the agqueous soluble diluént provided by (d)
and (e) 1s between about 16 wt% and about 23 wt%.

49. A modified release pharmaceutical tablet according to
Claim 4g, wherein the first aqueous soluble diluent is present in
an amount of from about 5% and about 11% by weight and the second
agqueous soluble diluent 1s present in an amount of from about 8%

and about 18% by weilght. ]

20. A modified release pharmaceutical tablet according to
claim 19, wherein the agueous insoluble poly(meth)acrylic acid

ester copolymer is Eudragit NE3O0.

21. A modified release pharmaceutical tablet according to
claim 20, wherein the firsﬁ agqueous soluble diluent and the
second aqueous soluble diluent are lactose.

22. A modified release pharmaceutical tablet according to
Claim 21 which comprises at least about 0.01% of a
pharmaceutically acceptable glidaht and at least about 0.1% of a
pharmaceutically acceptable lubricant.

>3 . A modified release pharmaceutical tablet according to

Claim 18 which comprises about 750 milligrams of metronidazole.

24 . A modified release pharmaceutical tablet according to
Claim 18 comprising (i) from about 1.9% to about 2.5% of the

agqueous insoluble poly(meth)acrylic acid ester copolymer; (1i1)

from about 6% to about 9% of the first aqueous soluble diluent;

AMENDED SMEET
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and (iii) from about 12% TO about 17% of the second agueous
solupble diluent; and whérein the sum of the percentage of the
first portion of metronidazole and the second portion of
metronidazole is from about 72.5% to about 74.5%.

25. 2 modified release pharmaceutical tablet according- to

Claim 24, wherein the agueous 1insoluble poly (meth)acrylic acid

5¢. A modified release pharmaceutical tablet according to

claim 25 which comprises about 750 milligrams of metronidazole.

- . ——— N .
T D i N + wlf

) 57 A modified release pharmaceutical tablet according to
claim 18 which comprises about 74.05% metronidazole, about 8.22%
hy@rous lactose, about 2.47% of the aqueous insoluble
poly(meth)acrylic acid ester copolymer, about 1.23% talc, about
0.03% simethlicone emulsion, about 12.90% anhydrous lactose, about
5.10% colloidal silicon dioxide, and about 0.29% magneslum
stearace.

28 . A'modified release pharmaceuticaltablet according to
Claim 18 which comprises about 72.99% metronidazole, about 6.48%
hydrous lactose, about 1.95% of the agueous insoluble
poly(meth)acfylic acid ester copolymer, about 0.97% talc, apout
0.03% simethicone emulsion, about 16.49% anhydrous lactose, about

0.10% colloidal silicon dioxide, and about 0.99% magnesium

stearate.

29. A modified release pharmaéeutical tablet according tTo
claim 27, wherein the agueous 1insoluble poly (meth)acrylic acid

ester copolymer is Eudragit NE3O0.

30. A modified release pharmaceutical tablet according TO

i

claim 28 - wherein the agueous insoluble poly(meth)acrylic acid

ester copolymer 1s Eudraglt NE3O0.

_ 32 - AMENDED SHEET
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31. A modified release pharmaceutical tablet according to

Claim <22 which comprises about 750 milligrams of metronidazole.

32. A modified release pharmaceutical tablet according to

Claim 30. which comprises about 750 milligrams of metronidazole.

33. A modified release pharmaceutical tablet according to
Claim <29 wherein the tablet is coated with an agueous soluble

polymeric coating material.

34.. A modified release pharmaceutical tablet according to

Claim 30, wherein the tablet is coated with an agueous soluble

polymeric coating material.

35. A use of the pharmaceutical tablet of claim 18 for
treating a patient infected with a microorganism which is

susceptible to metronidazole.

36. The use according to Claim 35 wherein the microorganism

causes a disease which is selected from the group consistsing of

trichomoniasis, amoebiasis, and bacterial vaginosis.

37. The use according to Claim 35 wherein the microorganism

1s a species of Helicobacter.



38.

microorganism is Helicobacter pylori.

39. The use according to Claim 35, wherein the

pharmaceutical tablet comprises about 74.05% metronidazole, about
8.22% hydrous lactose, about 2.47% of the agueous 1insoluble

poly (meth)acrylic acid ester copolymer, about 1.23% talc, about
0.03% simethicone emulsion, about 12.90% anhydrous lactose, about
0.10% colloidal silicon dioxide, and about 0.99% magnesium
stearate.

40. The use according to Claim 35, wherein the
pharmaceutical tablet comprises about 72.99% metroniaazole, about
6.48% hydrous lactose, about 1.95% of the aqueous insocluble
poly(meth)acrylic acid ester copol?mer, about 0.97% talc, about
0.03% simethicone emulsion, about 16.49% anhydrous lactose, about
0.10% colloidal silicon dioxide, and about 0.99% magnesium
stearate.

41. The use according to Claim 39, wherein the aqueous
inscluble poly(meth)acrylic acid ester copolymer 1s Eudragit
NE30.

42. The use according to Claim 40, wherein the agueous

1nsoluble poly(meth)acrylic acid ester copolymer 1s Eudragit
NE3O0.

43. The use according to Claim 41, wherein the

pharmaceutical tablet comprises about 750 milligrams of

metronidazole.

44. The use according to Claim 42, wherein the

pharmaceutical tablet comprises about 750 milligrams of

metronidazole.
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