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PHARMACEUTICAL COMPOSITIONS COMPRISING RIFAXIMIN
PROCESSES FOR THEIR PREPARATION AND THEIR USE IN THE
TREATMENT OF VAGINAL INFECTIONS.

Description

Object of the invention

The present invention relates to compositions, comprising rifaximin
granules, together with pharmaceutically acceptable excipients,
characteriied in that the compositions have a controlled release. The
present invention also describes processes for their preparation and their
use In the treatment of vaginal infections, In particular of bacterial
vaginosis. Furthermore, it also describes the rifaximin dosages useful and
effective at recovering from the disease and preventing any possible
relapse.

Background of the invention

Ritaximin (INN, see The Merck Index, Xlil ed., 8304, CAS No.80621-
81-4) IUPAC nomenclature 2S, 16Z, 18E, 20S, 21S. 22R, 23R, 24R, 258,
26S, 27S, 28E)-5,6,21,23,25 pentahydroxy-27-methoxy-2,4,11,16,20,
22,24,26-octamethyl-2,7-(epoxypentadeca (1,11,13) trienimine) benzofuro
(4,5-e) pyrido(1,2,-a benzimidazole-1,15(2H)dione, 25-acetate) is a
semysinthetic antibiotic drug belonging to the rifampicin group, more
precisely a pyrido-imidazo-rifamycin described in IT 1154655, whereas EP
0 161 534 describes a production process starting from Rifamycin O (The
Merck Index Xllil ed., 8301).

US 7,045,620, EP 155742181, EP 1676847B1, EP 1676848B1,
WO02005/044823, WO2006/094662 describe crystalline forms a, B, y, 6 and



CA 02841415 2014-01-09
WO 2013/017928 PCT/1IB2012/001438

_2 .

e of rifaximin. W02008/155728, US 2009/312357 and US2008/008253
describe processes for obtaining amorphous forms.

WO2009/108730 describes polymorphous forms of rifaximin named
zeta, eta, a-dry, iota, B-1, B-2 and g-dry.

WO02011/153444 describes polymorphous forms k and 6 and WO
2011/156897 describes polymorphous forms named APO -1 and APO-2.

Viscomi G. et al in Cryst. Eng Comm., 2008, 10 1074-1081(2008)
describes polymorphous q,B,y, 0, €, the process for obtaining them and‘
their chemical-physical and biological properties.

Rifaximin is an antibiotic drug active against Gram-positive and
Gram-negative bacteria, characterized by a low systemic absorption,
negligible when adm’inistered‘ via the oral route, as described by Descombe
J. J. etal. in Int. J. Clin. Pharmacol. Res., 14 (2), 51-56, (1994); it is known
for its antibacterial activity, exerted, for instance, against bacteria localized
In the gastrointestinal tract causing Intestinal infections, diarrhea and
irritable bowel syndrome (IBS), bacterial growth in the small intestine or
'small intestinal bacterial overgrowth™ (SIBO), is also known to be
assoclated with Crohn’s disease (CD), pancreatic insufficiency, enteritis,
fibromyalgia. '

For this characteristic, rifaximin plays a relevant role in the therapy of
Infectious and inflammatory bowel diseases, both in the acute and in the
chronic phase.

The different forms of rifaximin are associated to different levels of
systemic absorption. Rifaximin is presently authorized for the treatment of
acute and chronic pathologies whose etiology is partially or completely
referable to Gram-positive and Gram-negative intestinal bécteria, such as

diarrheic syndromes ‘caused by an altered balance of the intestinal
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microbial flora such as summer diarrheas, traveler's diarrhea and
enterocolitis. Rifaximin is useful in the pre- and post-surgical prophylaxis of
Infectious complications in the gastroenteric tract surgery, as an adjuvant in
hyperammonaemias therapy and in the reduction of the risk of acute
episodes of hepatic encephalopathy.

Rifaximin can also be useful in treating the “restless-legs syndrome’;
for the prevention of spontaneous bacterial peritonitis in patients affected
by hepatic insufficiency and in the infections induced by the chronic use of
proton pump inhibitors.

Furthermore, the fact that rifaximin is poorly absorbed systemically is
advantageous for the aforesaid applications, since rifaximin is not toxic,
even at high doses and reduces the incidence of undesired side effects
such as, for instance, the selection of antibiotic-resistant bacterial strains
and the risk of possible pharmacological interactions.

Rifaximin characteristics make it a compound useful in topical
treatments, such as those useful for treating vaginal infections, for example
bacterial vaginosis.

Bacterial vaginosis is an extremely frequent pathology, representing
40-50% of all vaginal infections. When it 1s symptomatic and without
compli'cations, bacterial vaginosis is characterized by malodorous vaginal
discharges not associated to an inflammatory clinical picture (vaginosis),
and is attributed to an alteration of the vaginal‘ecosystem.

The normal vaginal flora of a healthy woman, ‘because to the
- prevailing presence of Lactobacilli, in particular Lactobacillus crispatus and
gasseri, produces hydrogen peroxide and maintains an acid vagihal pH,

thus inhibiting the growth of most pathogenic microorganisms.
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In bacterial vaginosis, Lactobacilius bacteria is replaced by an
excessive growth', even a thousand times higher than normal values, of
facultative anaerobic and aerobic bacteria, mainly represented by
Gardnerella vaginalis, which is present in nearly all women affected by
bacterial vaginosis, by Mycop/asma.hominis, by Gram-negative anaerobic
bacteria such as Bacteroides and Prevotella, by anaerobes such as
Peptostrepfococcus, by Gram-positive anaerobes such as Mobiluncus,
which is present in 50% of the cases, and by Gram-positive bacilli such as
Afopobium vaginale, which i1s present iIn 95% of cases of bacterial
vaginosis.

Factors predisposing the onset of the disease are mainly formed in
fertile-aged women having a low socioeconomic level, belonging to the
black race, regularly using vaginal lavages, smoking and having sexual
intercourse with several different partners. On the other hand, taking
estroprogestinic drugs seems to play a protective role. Also the hormonal
component turned out to be involved in its aetiopathogenesis, since this
pathology is mainly found in fertile-aged women.

Bacterial vaginosis can be related to several serious gynecological
and obstetrical complications, such as, for instance: pelvic inflammatory
disease, frequent cause of sterility and ectopic pregnancy; infection of
surgical injury after gynecologic surgery; premature rupture of the
membranes in pregnant women; premature labor and abortion. '

Furthermore, although it is not considered a sexually transmitted
disease, bacterial vaginosis is associated to an increased risk of catching
sexually transmitted pandemic diseases, including the HIV virus infection,

both for non-pregnant and pregnant women. In these latter, it also
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determines an increase of the risk of transmission of HIV virus from the
mother to the fetus.

The diagnosis of bacterial vaginosis can be based upon clinical
and/or microbiological criteria.

The clinical diagnosis Is carried out accordihg to Amsel clinical
criteria, as described by Amsel R. et al. in Am. J. Med. 1983; 74(1): 14-22.
The diagnosis is positive when at least three out of the four following
symptoms are reported: 1) vaginal discharges which are homogeneous
and adhering to the vaginal walls; 2) whiff test positivity (development of
‘fishy odor” after the addition of 10% potassium hydroxide to vaginal
discharge); 3) vaginal pH higher than 4.5, and 4) an amount greater than
20% of clue cells (squamous epithelium vaginal cells coated with bacteria,
identified by fresh microscopic examination).

The microbiological diagnosis is based on the calculation of the
Nugent score, which includes microscopic examination of vaginal
discharges by means of Gram staining. The presence and the quantity of
three different vaginal bacterial species is determined. In particular, a low
score is obtained if the Lactobacilli concentrafion Is high, the score
Increases If the presence of Gardnerella and Bacteroidi is ascertained, and
the score is even higher if also the presence of Mobiluncus is ascertained.
A resulting score between 0 and 3 is representative bf vaginal flora of a
healthy woman, a score between 4 and 6 indicates that vaginal flora is ,
starting to be altered, and a score between 7 and 16 Indicates a certain
diagnosis of bacterial vaginosis, as described by Nugent RP et al. in J.
Clin. Microbiol. 1991, 29(2), 297-301.

Moreover, in recent years further diagnostic molecular techniques

have been developed, such as PCR-DGGE and real-time PCR, based
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upon the sequence analysis of RNA and allowing the identification of a
microbial composition of the vaginal ecosystem, as described by Zhou X et
al. In Microbiology 2004, 150 (Pt8), 2565-2573 and in Appl. Environ.
Microbiol. 2004, 70(6), 3575-3581. Therefore, these techniques can be
directly used to determine the presence of pathogenic agents causing the
disease and also to verify the effect of therapy on them from the
quant‘itative point of view.

Although the bacterial vaginosis etiology is not completely
understood, the treatment has the aim of inducing both a clinical and a
microbiological recovery and when possible avoiding the relapse infections.
Therefore, an ideal therapy should be effective at reducing pathogenic
species and at the same time, it should also encourage the restoration and
proliferation of [ actobacillus protective species with tﬁe aim of prevehting
possible disease relapses.

The guidelines of the Center of Disease Control (CDC), 2010, 59,
NORR-12 state that all women affected by bacterial vaginosis, which are
symptomatic and non-pregnant, should be treated with antibiotic therapy.

In this regard, CDC suggests, as first therapeutic approach, antibiotic
treatments such as, for instance: metronidazole, oral tablets 500 mg, twice
a day for 7 days; or metronidazole, vaginal gel, 0.75%, an applicator (5 g
once a day for 5 days or clindamycin, vaginal cream, 2%, an applicator (5
g) once a day for 7 days.

Both metronidazole and clindamycin, administered either via the
systemic route (orally) or via local route (vaginally), are effective at treating
bacterial vaginosis. However, the inhibitory action of both active prinéiples

against Lactobacillus protective flora, as described by Simoes JA et al in
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Infect. Dis. Obstet. Gynecol. 2001, 9(1), 41-45, limits its efficacy at
preventing relapses.

Furthermore, both of the above mentioned antibiotics are associated
with systemic side effects, some of them particularly relevant, such as, for
iInstance, neurological reactions for metronidazole or pseudomembranose
colitis for clindamycin, even when administered via;vaginal route.

Moreover, if repeatedly administered, both 'metronidazole and
clindamycin can induce microbiological resistances not only at the vaginal
level, but also at the systemic level, since they are systemically absorbed
even after vaginal administration.

EP 0547294 describes compositions containing rifaximin amounts
between 50 and 500 mg which are stated to be useful in treating vaginal
infections caused by microorganisms susceptibie to rifaximin. In particular,
EP 0547294 describes a clinical trial carried out with a preparation of
rifaximin vaginal foam and cream, containing 200 mg rifaximin, stating the
higher efficacy of foam if compared to the cream. This document also
describes compositions for treating bacterial vaginosis containing rifaximin
In capsules, ovules and tablets and it also describes the antibacterial action
of rifaximin against bacteria commonly present in the vaginal discharge is
described. Table 1 of EP 0547294 describes that rifaximin exerts an
important antibacterial activity both against pathogenic bacteria such as
Gardnerella vaginalis, Bacteroides bivious-disiens, Mobiluncus and also
against non —pathogenic bacteria such as Lactobacilli.

The inhibition of Lacfobacilli, whose presence is beneficial for
maintaining the healthy vaginal environment, must be considered a

detrimental event with regard to therapeutic efficacy. In fact, as already
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stated, the acid environment generated by lactobacilli is an essential
~condition for preventing pathogenic bacteria colonization.

Table 1 of EP 0547292 also shows that rifaximin inhibitory action
(MIC55 and MICgy) against Lactobacilli is equal to, or even higher than, its
action against pathogenic bacteria, such as, for instance, Gardnerella
vaginalis, Mobiluncus spp, Bacteroides bivius-disiens. Thus, when
administered via the vaginal route, rifaximin indiscriminately acts on the
whole bacterial flora, including Lactobacilli

Debbia A. et al. describes in J. Chemother. 20, (2), 186-194, 2008
that rifaximin exhibits a time-dependent bacterial activity, therefore, new
rifaximin pharmaceutical compositions are needed that are effective in
treating vaginal infections, providing for an appropriate period of time of
exposure to rifaximin and local concentrations of rifaximin useful in treating
vaginal infections, such as for bacterial vaginosis, and that do not reduce
the Lactopbacilli concentration, which is important for the prevention of
relapse of vaginal infections. Moreover, it was important that the rifaximin
concentrations provided by the composition are effective without requiring
high doses of rifaximin.

Taking into account the Intense color of rifaximin, it. was also
important that the rifaximin containing compositions were well accepted by
patients without causing colored discharging, and that the compositions
were preferably in a solid dosage form.

It was also important that the pharmaceutical compositions would be
effective at eradicating the disease' (vaginal infections) and at reducing the
number of relapses with shorter periods of treatment and with reduced total
amounts of administered rifaximin when compared to that described in EP

0547294.
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An object of the present invention, which is now surprisingly
accomplished, are solid pharmaceutical compositions, in particular in the
form of vaginal tablets, specifically tablets formed by compressing rifaximin
granules with extragranular excipients.

The rifaximin granules are characterized in that the rifaximin
granules contain pharmaceutically acceptable excipients chosen from
diluent, binder and lubricant, wherein at least a binder is present. The
extragranule excipients are characterized in that the extragranular
excipients comprise at least one disintegrant ‘and optionally other
extragranular excipients chosen from binder, diluent and lubricant. The
pharmaceutical compositions of the present invention are characterized in
that they release rifaximin comprised in granules in a short time, even in
environment with reduced amounts of water such as those physiologically
present in the vagina. The compositions sufficiently disintegrate the
granules in the vagina and provide rifaximin in effective amounts for
treating vaginal infections.

The new composiﬁons can be prepared with different rifaximin
polymorphs already known in the art, and are useful in treating bacterial
vaginosis and in preventing relapsés of the disease.

In particular, the new compositions do not diminish the Lactobacilli
concentration naturally present in vaginal flora, but unexpectedly favor their
Increase during the course of treatment.

The compositions, object of the present invention, provide useful in
the treatment of vaginal infections, .and In particular of bacterial vaginosis,
at doses less than 200 mg/day, with a course of treatment of less a week
and provide recovery with lower rifaximin amounts over a course of

treatment shorter than those reported in the literature available to the
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expert of the art and in the clinical praxis, thus obtaining a recovery from
the disease with totally administered rifaximin amounts which are about ten
times lower that those mentioned in the patent EP 0547294. In particular
the invention provides effective doses and course of treatment useful in
~ obtaining a complete recovery, in particular in comparison to the placebo.

The pharmaceutical compositions comprising rifaximin, object of the
present invention, are effective at treating vaginal infections, and in
particular bacterial vaginosis, at concentrations lower than 200 mg/day,
with a duration of treatment shorter than a week, if compared to the
placebo.

Beside doses, the present invention also selects a duration of
treatment useful In obtaining a complete recovery.

The found compositions turned out to be accepted, well tolerated
and devoid of side effects.

Summary of the invention

Exemplary embodiments described herein overcome the above
described drawbacks of conventional rifaximin compositions by providing
pharmaceutical compositions comprising rifaximin, effective at treating
vaginal infections, and in particular bacterial vaginosis.

One aspect of the invention are pharmaceutical compositions
comprising rifaximin granules having rifaximin in an amount less than 500
mg, e.g., less than 200 mg, preferably between 2.5 and 100 mg, e.g., 12.5,
25 mg, 50 mg and 100 mg, and one or more of an extragranular excipient
Including at least one disintegrant; wherein said pharmaceutical
composition has selective bactericidal activity against vaginal pathogenic

bacteria. Another aspect of the invention is a pharmaceutical composition
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characterized as having selective antibacterial action that maintains or
increases the amount of Lactobacilli after a course of treatment.

The pharmaceutical composition may have at least one extragranular
disintegrant present in an amount preferably between 2-20% by weight of '
the pharmaceutical composition. '

The pharmaceutical composition may be a controlled release
formulation and may be in the form of a vaginal tablet or ovule. Preferably,
the pharmaceutical composition is in the form of a vaginal tablet. The
vaginal tablet may have a disintegration time of less than five minutes,
preferably of less than two minutes.

Also presently described are new methods of 1) treati‘ng a vaginal
iInfection (e.g., bacterial vaginosis) and ii) preventing relapse of a vaginal
infection (e.g., bacterial vaginosis), the methods comprising vaginally
administering a therapeutically effective amount of the described
pharmaceutical composition wherein the therapeutically effective amount
selectively reduces an amount of vaginal pathogenic bacteria while
' maintain'ing or increasing an amount of Lactobacilli ‘over a course of
treatment.nln one aspect of the presently disclosed method, the amount of
Lactobacilli increases over the course of treatment.

In one embodiment, the therapeutically effective amount may be a
rifaximin daily dose of less than 500 mg, preferably 200 mg, e.g., less than
100 mg. Preferably, the rifaximin daily dose is 100 mg, 50 mg or 25 mq.

The course of treatment is preferably ten days or less, e.g., one
week or less. The amount of rifaximin administered over the course of
treatment may be 700 mg rifaximin or less, e.g., 500 mg rifaximin or less.

The therapeutically effective amount of rifaximin may be 12.5 or 25

mg per day wherein the course of treatment is 5 days. Alternatively, in
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another embodiment, the therapeutically effective amount of rifaximin per
day may be 100 mg and wherein the course of treatment is 2 days.

In one embodiment, the method of treating a vaginal infec‘tion.
according to the present invention causes a reduction in the Nugent score
by 3 points or more after the course of treatment.

Also presently described is a process of making the pharmaceutical
composition comprising the steps of forming rifaximin granules by dry
granulating a mixture of the rifaximin and one or more intragranular
excipients, forming a tablet by first mixing and then compressing the
rifaximin granules with the one or more of an extragranular excipient
Including at least one disintegrant. In a preferred embodiment, by using the
disclosed process, the form of rifaximin before the dry granulating step and
the form of rifaximin after the dry granulating step are the same form.

Description of the invention

The present invention describes pharmaceutical compositions
comprising less than 200 mg of rifaximin in a solid form, in particular in a
form of tablets, characterized in that they release rifaximin in a controlled
manner, providing a selective bactericidal activity against pathogenic
bacteria.

The pharmaceutical compositions of the present invention are
characterized in that they comprise rifaximin granules and/or microgranules
with extragranular excipients. The rifaximin granules comprise excipients
chosen amohg one or more of diluent, binder and lubricant agénts; the
extragranular excipients comprise one or more of binder, diluent, lubricant
and disintegrant agents.

The pharmaceutical compositions in solid form, in particular in the

form of tablets, provide fast disintegration, e.g., less than five minutes, and



CA 02841415 2014-01-09
WO 2013/017928 PCT/1IB2012/001438

- 13-

enable the release of nfaximin granules even in the presence of low
amounts of agueous liquid, such as the vaginal mucosa.

In one embodiment the pharmaceutical composition comprises
rifaximin granules and/or microgranules comprising less than 200 mg
rifaximin, preferably less than 100 mg rifaximin. The new composition
further comprises one or more intragranular excipients, and one or more
extraganular excipients Including at least one disintegrant. The
intragranular excipients are selected from the group consisting of a diluent,
binder, lubricant and mixtures thereof. The extragranular excipients include
at least one disintegranf and optionally additional extragranular excipients
selected from the group consisting ]of binders, diluents, lubricants and
mixtures thereof. -

The granules comprising rifaximin, are characterized in that they
comprise a rifaximin amount betweén 1 and 80% (w/w), one or more
binders in an amount between 0.5 and 20% (w/w), one or more diluents in
an amount between 30 and 90% (w/w), one or more lubricants in an
amount between 0.1 and 5% with respect to the granule weight.

According to a preferred embodiment of the invention, the rifaximin
granules comprise a rifaximin amount between 5 and 30% (w/w), one or
more binders in an amount between 1 and 10% (w/w), one or more diluents
in an amount between 50 and 90% (w/w) and one or more lubricants in an
amount between 0.5 and 4% (w/w), with respect' to the weight of the
granule.

The diluent suitable for the preparation of rifaximin granules is
preferably chosen from the group comprising cellulose, microcrystalline
cellulose, hydroxypropyl methylcellulose, calcium phosphate, starch,

kaolin, di-hydrated calcium sulphate, calcium carbonate, anhydrous or
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hydrated lactose, saccharose, mannitol, polysaccharides, glucans,
xyloglucan and mixture thereof.

The binder suitable for the preparation of rifaximin granules is
chosen In the group comprising corn starch, pregelatinized starch, arabic
gum, lactose, maltodextrine, copolymer of 1 vinyl-2 pyrrolidone and
vinylacetate (copovidone), saccharose and mixtures thereof.

The lubricant suitable for the prebaration of rifaximin granules is
chosen In the group comprising glycerol dibehenate, calcium or
magnesium stearates, aluminum, sodium stearyl fumarate, hydrogenated
oils, vegetable olls, palmitic acid, alcohol, starch, mineral oils, polyethylene
glycol, sodium lauryl sulphate, talc, glycerides, sodium benzoate and
mixture thereof.

According to a preferred embodiment of the present invention, the
binder is chosen in the group consisting of copovidone and corn starch.
More preferably, the binder is copovidone.

According to a preferred embodiment of the present invention, the
diluent is chosen in the group consisting of monohydrate or anhydrous
lactose, cellulose and macrocrystalline cellulose, hydroxypropyl
methylcellulose. More preferably, the diluent is monohydrate or anhydrous
lactose.

According to a preferred embodiment of the present invention, the
lubricant 1s chosen In the group consisting of magnesium stearate and
glycerol dibehenate. More preferably, the lubricant is magnesium stearate.

The nfaximin granules are prepared by means of the dry granulation
process wherein rifaximin 1s mixed with the chosen excipients

(intragranular excipients), in the above mentioned amounts, and the whole
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IS then mixed to obtain a homogeneous mixturé. The mixture is then placed
In a compactor for obtaining granules.

The nfaximin granules are then further processed and mixed with
extragranular excipients, including at least one of the disclosed
disintegrant.

The additional extragranular excipients are selected from the group
consisting of a binder, diluent and lubricant agent and combination thereof.

According to a preferred embodiment, the binder is chosen in the
group comprising copovidone, pregelatinized starch and corn starch; the
diluent Is chosen In the group consisting of lactose, cellulose,
microcrystalline cellulose and hydroxypropyl methylcellulose; the lubricant
IS chosen in the group consisting of magnesium stearate and glycerol
dibehenate.

The disintegrant agent suitable for the preparation of the composition
according to the present invention is chosen in the group consisting of:
sodium starch glycolate, pregelatinized starch, polyvinyl pyrrolidone
copolymer (PPPV or crospovidone), sodiumcarboxy méthyl cellulose
(carmellose  sodium), crosslinked  carboxy  methyl cellulose
(crosscarmellose sodium), silicates of alkaline and alkaline earth metals
(e.g. calcium silicate) and mixture thereof.

Preferably, the extrégranular disintegrant is chosen from the group
Consisting of: crospovidone, sodium starch glycolate, pregelatinized starch,
silicates of alkall métals and mixture thereof.

More preferably, the extragranular disintegrant is chosen in the group
consisting of. crospovidone, cailcium silicate and mixture thereof. In

particular and in a proffered embodiment the disintegranf IS a mixture of

crospovidone and calcium silicate.



CA 02841415 2014-01-09
WO 2013/017928 PCT/1IB2012/001438

- 16 -

According to a preferred embodiment of the present invention the
solid pharmaceutical composition, preferably in the form of tablets, can
contain rifaximin granules in an amount between 10 and 85% (w/w); "
disintegrant(s) or their mixture, wherein the total amount is between 2 and
20%(w/w), independently from their relative ratios; binder in an amount
between 0.5 and 5.0% (w/w) and lubricant in an amount between 0.1 and

10.0% (w/w), with respect to final composition as reported in Table 1.

Table 1
Component Percentage (%) by weight
Rifaximin granules 10 - 85%
Lubricant - 01-10%
Binder 0.5-5%
Diluent 10 - 80%
Disintegrant ‘ 2 - 20%

According to a preferred embodiment of the present invention, the
extragranular diluent is chosen in the group consisting of. anhydrous or
m‘onohydrate lactose, corn starch and crystalline cellulose; the
extragranular lubricant is magnesium stearate, the binder is chosen among
pregelatinized starch and copovidone, hydroxy propyl methyl cellulose, and
the extragranular disintegrant is chosen among crospovidone,
pregelatinized starch and calcium silicate and mixture thereof.

According to a more preferred embodiment, the extragranular diluent
IS chosen In the group comprising anhydrous or monohydrate lactose; the
extragranular binder i1s chosen in the group comprising copovidone and

pregelatinized starch; the extragranular lubricant is magnesium stearate;
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the extragranular disintegrant is chosen in the group comprising
crospovidone, calcium silicate, pregelatinized starch and starch glycolate.
According to a more preferred embodiment, the tablet composition,

comprising rifaximin is reported in Table 2.

Table 2
Component Percentage (%) by weight
Rifaximin granules 20 - 60%
Magnesium stearate 0.1-10%
Copovidone ' 0.5-4%
Lactose | 10 - 80%
Crospovidone and calcium silicate 2 - 20%

The tablet composition may further comprise a coating such as a
filmogen coating.

The solid composition in the form of tablets can contain a rifaximin
amount between 2.5-500 mg, preferably between 2.5-100 mg, more
preferably between 10-50 mg.

The solid éomposition iIn the form o% tablets can also contain rifaximin
In an émount preferably between 10 and 100 mg, between 10 and 50 mg
and between 10 and 25 mg, more preferably between 25 and 100 and
between 25 and 50 mg and most preferably 25 mg.

The composition acéording to the present invention can optionally
further contain bioadhesive agents, preservative agents, buffering agents,
antiseptic agents and fragrances.

When the biohadesive agent Is present, the composition can have
bioadhesive properties, which means that the rifaximin granules can

adhere to the vaginal mucosa.
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Examples of polymers and oligomers or their mixtures which can be
Included In microgranules are pectins, zeins, casein, gelatin, albumin,
collagen, kitosan, oligosaccharides and polysaccharides such as, for
example, cellulose, dextran, polysaccharides from tamarind seeds, xanthan
gum, Arabic gum, hyaluronic acid, alginic acid, sodium alginate.

When the bioadhesive is a synthetic polymer, the polymer is chosen
among polyamides, polycarbonates, polyalkylenes, polyalkylene glycols,
polyalkylene oxides, polyalkylene terephthalates, polyvinyl alcohol.
polyvinyl ethers, polyvinyl esters, polyvinyl pyrrolidone, polysiloxanes,
polyurethanes, polystyrenes, polymers of acrylic acid and methacrylate
esters, copolymer of methacrylic acid-ethyl acrylate, polyactides,
polybarbituric acids, polyanhydrides, polyorthoesters and mixtures thereof.
Other useful polymers are methyl cellulose, ethyl cellulose, hydroxy propyl
cellulose, hydroxy buty\ methylcellulose, cellulose acetate, cellulose
propionate, cellulose acetate butyrate, carboxy méthyl cellulose, cellulose
triacetate, cellulose sulfate sodium salt, polymethyl methacrylate, poly-
isopropyl methacrylate, p"oly-isobutyl acrylate, poly(octadecyl acrylate),
polypropylene, polyethylene glycol, polyethylene oxide, polyethylene
terephthalate, polyvinyl acetate, polyvinyl chloride, polystyrene, polyvinyl
pyrrolidone, polyvinyl phenol and mixtures thereof.

Another group of polymers useful for obtaining the bioadhesiveness
are polymers having a branching group comprising at least one bound
hydrophobic group, wherein the hydrophobic groups are generally non
polar groups. Non-limiting examples of such hydrophobic groups include
alkyl, alkenyl and alkynyl groups. Preferably, the hydrophobic groups are
chosen to increase the bioadhesiveness of polymers. Other polymers are

characterized by hydrophobic branching with at least a hydrophilic group,
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such as carboxy acids, sulphonic acids and phosphonic acids, neutral and
positively charged amines, amides and imines, wherein the hydrophilic
groups are such that they increase the bioadhesiveness of the polymer.

The rifaximin granules are obtained by means of a dry granulation
process, which allows to maintain the starting rifaximin crystalline or
amorphous form without any polymorphic transformations that occur as
described In literature, in the presence of water or organic solvents.

A preferred process for obtaining the composition retains the
selected polymorphic form, since it iIs known in the art that forms of
rifaximin polymorphs have different solubility and give plasma absorptions
differing by at least two orders of magnitude.

The term “rifaximin” is intended in the broad sense and includes not
only “rifaximin® but also its pharmaceutically acceptable salts, solvates,
hydrates, derived enantiomers, polymorphs, amorphous forms, co-crystals
and pharmaceutically acceptable complexes, with no limitations.

Rifaximin comprised in the pharmaceutical compositions object of the
present invention is preferred in a poorly soluble form when it is used for
treating bacterial vaginosis In order to act locally without systemic
absorption. This avoids at the systemic. level a potential selection risk of
antibiotic-resistant bacterial strains which can occur, even at low plasma
concentrations.

By selecting different polymorphs of rifaximin, characterized for
having different dissolution and absorption, or a mixture thereof, it is
possible to prepare composition, and in particular in the form of tablets, for
the treatment of vaginal infections, and more in particular for different

states of infection.
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The rifaximin granules are then mixed with the mixture comprising
the extragranular excipients as described in Table 1; the mixture is
compressed In a compression machine, known in the art for obtaining
tablets which are preferably coated with a filmogen coating.

The extragranular components present In the pharmaceutical
composition in the form of tablets, together with rifaximin granules, in the
amounts described Iin the present invention, allow the controlled release of
rifaximin. N

The rnfaximin granules are released from the tablets even in the
environment with reduced amounts of aqueous liquid, such as the
physiological environment present in the vagina. The rifaximin granules
released by the tablets in the vaginal cavity exert a topical action in the
vaginal mucosa for a proper period of time due to the combined effect of
the fast tablet disintegration rate and reduced rate of granules dissolution.

The present invention also describes the use of rifaximin
pharmaceutical compositions for treating vaginal infections, for example
particular bacterial vaginosis. '

The present invention also provides a method of treating bacterial
infection and a method of preventing relapse of bacterial infection by
administering the new composition. In particular the pharmaceutical
compositions object of the present invention, when administered with the
disclosed method of treatment do not reduce the Lactobacilli concentration,
which are necessary for maintaining the vaginal ecosystem and useful in
preventing relapsing infections like those reported with respect to the
compositions known in the art. '

The solid pharmaceutical compositions, of the present invention are

therapeutically effective at treating bacterial infections at rifaximin daily
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doses lower than 500 mg, preferably less than 200 mg, more preferably
less than 100 mg and with a total rifaximin administered less than 700 mg,
more preferably less than 500 mg, for obtaining the complete recovery and
the relapse prevention in comparison to the placebo.

In particular, the compositions in form of tablet comprising rifaximin
are effective at treating bacterial infections as evidence by the reduction of
the Nugent score and Amsel criteria, by administering therapeutically
effective daily doses less than 500 mg, preferably less than 200 mg and
more preferabiy less than 100 mg, e.g. 100 mg, 50 mg, 25 mg 12.5 or 2.5
mg, for a treatment time shorter than ten days and in particular shorter than
one week, in comparison to the placebo.

The tablet compositions can be administered once or Several fimes a
day, preferably once a day.

The described pharmaceutical compositions are characterized in that
they exert a selective antibacterial action, preferab'ly against pathogenic
bacteria, rather than against Lactobacilli

The composition in form of tablets comprising rifaximin, in amounts
less than 500 mg, in particular less than 200 mg and more in particular less
than 100 mg, increase and keep the Lactobacilli concentration high even
after the end of the course of the treatment when compared to the placebo.

Another aspect of the present invention is providing a composition
and course of therapy useful in treating vaginal infections, in both obtaining
recovery and preventing rélapse of patients suffering from bacterial
infections.

In particular, the described compositions maintain the recovery from

the disease for a time period longer than 30 days at the end of a therapy
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comprising daily administration doses less than 200 mg, preferably less
than 100 mg for an administration time less than one week.

Another particular aspect of the new pharmaceutical compositions,
comprising an amount of rifaximin between 12.5 mg and 100 mg, is to be
useful in treating vaginal infections with treatment times shorter than one
week. More in particular, the compositions containing 25 mg rifaximin with
a five-day treatment time are shown to be in particular useful in treating
bacterial infections.

Patients treated with the compositions comprising 25 mg rifaximin
who received a tablet once a day for five days show a higher recovery rate
(percent of patients exhibiting recovery at the end of course therapy),
according to Nugent score and Amsel criteria, higher than the one showed
by placebo-treated patients.

In particular, patients treated with the compositions comprising 25
mg rifaximin for five days show a higher recovery rate Of, i.e., 48%.
compared to about 25.9% recovery rate of patients treated with 100 mg
riféximin for five days, about 36% recovery rate of patients treated with 100
mg/day for two days and about 19.2% recovery rate of placebo-treated
patients, as reported in Table 18.

More in particular, patients treated with the compositions comprising
25 mg rifaximin, show a higher recovery rate, according to Nugent score,
higher tHan the one obtained by other treated groUps. In particular, a higher
recovery rate of 47% If compared to about 25% recovery rate of patients
treated with 100 mg rifaximin for five days, about 36% recovery rate of
patients treated for two days and about 19% recovery rate of placebo-

treated patients.
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Another aspect of the present invention is given by'the fact that the
compositions comprising rifaximin in vaginal tablets lead to a three-point
reduction of the Nugent score in all treéted patients iIf compared to the
placebo-treated patients.

In particular, a three-point reduction of the Nugent score is obtéined
by a percentage higher than about 65% in the group of patients treated
with the vaginal tablet composition comprising 25 mg' rifaximin for five days;
by a percentage higher than 50% of the patients treated with the
composition comprising 100 mg rifaximin for five days; by a percentage
higher than 30% of patients in the group treated with the tablet composition
comprising 100 mg rifaximin for two days, iIf compared to a percentage of
about 18% of placebo-treated patients.

Moreover, and in particular, vaginal tablet compositions comprising
25 mg rifaximin, when administered to patients affected by bactenal
va.ginosis for a course of treatment of five days led to a five-point reduction
of the Nugent score in about 48% of treated patients, about 28% of patients
treated with rifaximin 100 mg for five days and about 26% of patients
treated with 10 mg for two days, when compared to a percentagé of about
0% of placebo-treated patients.

Furthermore, and more In particular, the vaginal tablet compositions
comprising 25 mg rifaximin for a course of treatment time of five days lead
to a 8-10 point reduction of the Nugent score in a higher percentage when
compared to the other treatment groups, including In this study.

The described pharmaceutical compositions, due to the property of
the combination of selected granular and extragranular excipients and the
preparation process, provide a controlled release of rifaximin in the vagina

such as to be effective with only one dosage administration a day.
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The described pharmaceutical compositions are useful and effective
at treating patients’ affected by vaginal infections, in particular bacterial
vaginosis, at daily doses lower than 200 mg, and in particular at doses -
comprised between 100 and 25 mg, e.g. 100 mg, 50 mg 25 mg and 12.5
mg rifaximin, rifaximin with treatment times shorter than one week.

Another aspect of the described compositions comprising 25 mg
rifaximin in form of vaginél tablets is that they a‘re useful in treating patients
affected by vaginal infections, in particular severe bacterial vaginosis,
characterized in that they have a high Nugent score (= 6, preferably = 7, or
more preferably, 2 9 or according to 3 out of 4 factors among the Amsel
criteria).

Another aspect of the present invention is the use of the rifaximin
compositions, comprising rifaximin at concentrations less than 200 mg, and
In particular of 100 mg, 50 mg 25 mg and 12.5 mg, according to the
disclosed treatmeht time to treat cure and prevent a relapse of bacterial
vaginosis. .

Another aspect of the present invention is represented by
pharmaceutical compositions comprising rifaximin characterized in that
they are well tolerated and safe when administered, and in particular in thaf
they result in a reduced systemic absorption showed by the negligible level
of rifaximin measured in plasma.

The solid pharmaceutical compositions in the form of tablets have
the unexpected property to release rifaximin granules in vaginal mucosa
even with reduced amounts of vaginal liquid. The results of a clinical trial of
the present invention show that said granules are able to release rifaximin
amounts effective in patients affected by bacterial vaginosis even with

treatments with low doses of rifaximin and course of treatment, e.g. not
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longer than ten days and, in particular, not longer than five days, and are
able to prevent relapse Infections through four weeks after the end of a
course of treatment;

Moreover, it is particularly essential that the tablet composition
comprising rifaximin amounts lower than 200 mg, and in particular lower
than 100 mg, increases and keeps high the Lactobacilli concentration even
after the end of the therapy if compared to the placebo.

Example 1 describes the preparation of rifaximin granules and the
preparation of vaginal tablets comprising 25 mg rifaximin. The tablets are
prepared by mixing the rifaximin granules together with extragranular
excipients.

The obtained tablets have a hardness, determined as described in
European Pharmacopeia Ed. 7.0, Chapter 2.9.8, ref. 01/2008:20908,
higher than 5 Kp and are characterized in that they have a disintegration
time, under the conditions described in European Pharmacopeia Ed. 7.0,
Chapter 2.9.2. ref. 01/2008:20902, of about one minute.

Example 2 describes the preparation of 100 mg rifaximin tablets,
wherein the rifaximin granules are mixed together with extragranular
exCipients, showing the flexibility of the tablet production process, also
when variable amounts of nfaximin without increasing the weight of the
finished tablet. E.xample 3 describes the preparation of rifaximin tablets
wherein the granules are prepared with different binders, in respect to
those used in Example 1, and they are mixed with extragranular excipients.

In particular, Example 3 describes the preparation of compositions

wherein different excipients are used in comparison with Example 1 and 2.
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In particular, the disintegrant is chosen from calcium Silicate,
crospovidoné, sodium starch glycolate, or their mixture; the binder is. the
hydroxypropyl methylcellulose and the diluent is monohydrate lactose.

This composition 7, wherein binder is not present in the extragranular
excipients Illustrate a problem in the formation of the mixture and by visual
iInspection the mixture did not appear as homogeneous in the absence of
binder. Example 4 reports the disintegration time obtained according to
European Pharmacopeia European Pharmacopoeia 7.0 2.9.2, ref.
01/2008:20902, of the of rifaximin tablets in Compositions 1-8, prepared
according Examples 1, 2 and 3. The disintegration time varies between
about one minute and ten minutes depending on the components
comprised in the compositions; the composition without any disintegrant
(Comp. 4), gives a disintegration time of about 5 minutes and when only
crospovidone is present (Comp. 3, 5. and 6), the disintegration time is
between 1'30” and 5'30”. The lower disintegration time of cbmposition 3
corresponds to a composition wherein a higher amount of crospovidone is
added.

The lower disintegration times exhibited by the composition 1,
composition 2 and composition 7, are preferred, but the composition 7 is
not presently preferred for industrial scale. '

Composition 1 and 2 correspond to the tablets comprising rifaximin in
an amount of 25 and 100 mg characterized in that the intragranular binder
IS copovidone and the extragranular disintegrant is a mixture of
crospovidone and calcium silicate. These compositions are able to

disintegrate in a time less than 2 minutes and release rifaximin at the site of

action.
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Example 5 describes the preparations of lipophilic ovules wherein
rifaximin is between 50 and 200 mg in the presence of semi glycerides,
surfactants and xyloglucan. The rifaximin amount released by the lipophilic
ovules after about two hours is from between 15% and 25% in respect to
the total rifaximin comprised in the ovules.

Example 6 describes the preparation of hydrophilic ovules wherein
rifaximin Is cdmprised between 25 and 100 mg Iin the presence of 2(2-
ethoxyethoxy) ethanol, Transcutol, glycerin, polyethylene glycol (PEG) and
xyloglucan. These compositions are characterized by a fast release of
rifaximin and the released rifaximin is higher than 70% (w/w) after 20
minutes.

Example 7 describes the release of compositions in tablets and
vaginal ovules prepared as in Examples 1-5, in a solution with a volume
and temperature conditions similar to vaginal physiologic conditions. The
different compositions comprising from 25 to 100 mg rifaximin are
compared to evaluate the rifaximin release in a thermostated environment
at 37°C. The amount of rifaximin released in 10 ml aqueous solution is
determined spectrophotometrically. The described experiments show that
the tablets comprising 100 mg rifaximin, prepared as described in Example
1 and having the composition described in Example 2, release after one
hour, an amount of rifaximin smaller than about 0.5 mg; the hydrophilic
ovules comprising 100 mg rifaximin release after one hour about 8.5 mg
rifaximin, the hydrophilic ovules comprising 25 mg rifaximin release after
one hour about 7 mg rifaximin and the lipophilic ovules comprising about
100 mg rifaximin release after one hour about 4 mg rifaximin.

Example 8 describes a bioavailability study has been carried out with

the pharmaceutical compositions in tablets described In the present
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iInvention, wherein tablets and ovules containing an amount of rifaximin
corresponding to 12.5 mg prepared by means of a process identical to the
one described in Examples 1 and 4 have been administered to female New
Zealand White Specific Pathogen free (SPF) rabbits, nulliparous and non- ‘
pregnant. During the treatment, no local clinical signs were observed,
neither reactions to the treatment, nor body weight variations of the treated
animals If compared to the control group.

The rifaximin concentration in plasma was determined by a validated
LC-MS/MS method having a Lower Limit of Quahtitation (LLOQ) of 0.5
ng/ml.

Table 15 of Example 8 reports the pharmacokinetic parameters of
rifaximin in rabbit after the administration of vaginal tablets and ovules.
Only in some cases the pharmacokinetic parameters are slightly above the
LLOQ. The average value of the maximum plasma concentration (C,,.x) for
the ovules is about four times higher than the C,.x value of the tablets,
whereas the value of the area subtended by the plasma concentration
curve related to the time (AUCO-t last) of the ovules is about twelve times
higher if compared to the one of the tablets.

These results show that, by administering the same dosage of
rifaximin, the vaginal tablets give a lower plasma absorption if compared to
the ovules. This result is in accord with the dissolution profiles showed in
Example 7.

Example 9 describes the efficacy of rifaximin compositions in ovules
and tablets in an animal model, wherein the vaginal infection was induced
by means of inoculation of Gardnerella vaginalis isolated in women
affected by bacterial vaginosis. New Zealand rabbit having a weight

comprised between 2 ahd 3 kg were Infected with a saline solution
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containing an amount of Gardnerella vaginalis larger than 105 and, in order
to obtain a persistent infection, the inoculation was repeated twice or thrice. -
Seven days after the last inoculation the animals were treated with the
rifaximin compositions in tablets and ovules containing rifaximin amounts
comprised between 1.5 and 12.5 mg, whose preparation was carried out
according to Example 1 and Example 4, wherein the excipients ratio was
proportionally reduced in order to obtain compositions with different
amounts of rifaximin. The rifaximi.n doses comprised between 1.5 mg and
12.5 mg respectively correspond to a dose of about 12.5 mg and 100 mg in
women, calculated according to the body surface area.

" The compositions did not show any adverse event in the animals and
showed, as reported In Tables 16 and 17. The tested rifaximin dosages
both in tablets and in ovules lead to a complete eradication of the infection
seven days after the end of the treatment. ‘

Both ovules and tablets compositions turned out to be effective and
well tolerated‘by the animals. However, since tablets have lower systemic
absorption levels than the ovules, as described in Example 8, must be
considered a more suitable pharmaceutical preparation to be used for
patients affected by bacterial vaginosis.

The clinical study described in Example 12 was carried out with
tablets comprising 25 and 100 mg rifaximin, prepared as described in
Examples 1 and Example 2.

Examples 10 and 11 describe the systemic absorption and the
tolerability of rifaximin tablets in a clinical study on healthy volunteers. The
example shows that the plasma concentrations of rifaximin after

administration via the intravaginal route of a tablet containing 100 mg
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rifaximin are neglectable because they are always below the instrumental
LLOQ of 0.5 ng/ml.

The efficacy of the composition in tablets at treating bacterial
vaginosis was determined by means of a clinical study carried out on 114
non-pregnant women having an age comprised between 18 and 50 years,
and reported in Example 12. The clinical study described in Example 12
was carried out with tablets comprising 25 and 100 mg of rifaximin as
prepared as described in Example 1 and 2.

. The primary end point of this trial was the evaluation of the recovery
from bacterial vaginosis according to Nugent score and Amsel criteria at
the first control visit (V3) 7-10 days after the end of the therapy.

The secondary end point of this trial was the recovery from the
disease singularly evaluated according to Nugent score and Amsel criteria,
7-10 days after the end of the therapy, the maintenance of recovery at the
second control visit about one month after the end of the therapy (V4) and
the evaluation of the composition of vaginal microbiota by means of
molecular techniques, real-time PCR- and PCR-DGGE (Polymerase Chain
Reaction-Denaturing Gradient Gel Electrophoresis). The real-time PCR- is
a quantitative techniqgue wherein each DNA sample is amplified with
different gender- and/or species-specific primers whose target is the 16S
rRNA bacterial gene or the 16S-23S rRNA region; in particular, specific
probes were used for the Lactobacillus génder, for Gardnerella vaginalis,
for Atopobium, for Prevotella and for Veillonella, since they represent the
main bacterial groups suffering from modifications in case of bacterial
vaginosis. On the other hand, PCR-DGGE is a qualitative technique, so

that in the present study, the amplification was carried out with universal

primers of eubacteria.
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In particular, patients affected by bacterial vaginosis and not affected
by contemporaneous viral, protozoan and fungal vaginal infections, were
assigned to one of the following treatment groups, using a centralized
randomization procedure and a double-blind experimental design:

Group A: patients receiving a vaginal tablet of rifaximin containing
100 mg rifaximin, prepared according to Example 2, once a day for five
days, in\the evening;

Group B: patients receiving a vaginal tablet of rifaximin containing
25 mg rifaximin, prepared according to Example 1, once a day for five
days, in the evening;

Group C: patients receiving a vaginal tablet of rifaximin containing
100 mg rnifaximin, prepared according to Example 2, once a day for two
~ days, in the evening, plus a vaginal tablet of placebo, once a day for the
remaining three days, in the evening;

Group D: patients receiving a placebo tablet prepared according to
Example 1, wherein the rifaximin amount was replaced by hydrated
lactose, once a day for five days, in the evening.

The diagnosis of bacterial vaginosis was based on Amsel criteria (at
least three out of four positive criteria) and on Nugent score (equal to or
higher than 4). The study included a screening visit (V1) followed by a
randomization visit after seven days (V2), by a first cohtrol visit 7-10 days
after the end of the therapy (V3) and by a second and last control visit 28-
35 days after the end of the therapy (V4). The evaluation of the attainment
of the primary end point was carried out during visit V3, and the evaluation
of the attainment of the secondary end point was evaluated during visit V4.

Table 18 reports the percent values of patients after treatment with

the composition prepared according to Example 1 and Example 2 in
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comparison to those treated with placebo. It is point out from the clinical
trial that all groups of patients treated with the rifaximin tablet compositions
showed a percent recovery greater than those treated with placebo.

Patients belonging to the group treated with a tablet containing 25
mg\rifaximin prepared according to Example 1 for five days showed a
percent recovery from the disease greater than the one of the other groups.

More In particular, patients belonging to the group treated with a
tablet containing 25 mg rifaximin (Group B) prepared according to Example
1 for five days, showed a percent recovery greater than 40%; those treated
with a rifaximin tablet containing 100 mg rifaximin for two days (Group C)
§howed a percent recovery greater than 30%; those treated with a tablet
containing 100 mg rifaximin for five days (Group A) showed a percent
recovery greater than 20%. The placebo-treated group (Group D) showed
a percent recovery of just about 19%.

Table 19 reports percent values of patients, calculated according to
Amsel criteria 7-10 days after the end of the therapy. This result confirms
that the group who received the composition containing 25 mg rifaximin for
five days showed a percent recdvery greater than the placebo-treated
group.

Table 20 reports that according to Nugent score, at visit V3, the
percent recovery from the disease is greater in patients belonging to the
group treated with the composition compriéing 25 mg rifaximin for five
days, Group B is greater than to the other groups and to the placebo
treated group.

In this example describing the clinical study, patients were further
classified in “patient with bacterial vaginosis relapse” and “patient with first

occurrence of bacterial vaginosis®. The percent recovery from the disease
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in all rifaximin-treated groups was greater in patients suffering from a
bacterial vaginosis relapse. Moreover, the group treated with 25 mg
rifaximin for five days showed a higher percent recovery even in subjects
suffering from the first occurrence of the disease.

The percent recovery from the disease, evaluated according to
Nugent écore and Amsel criteria, in all groups treated with rifaximin turned
out to be higher In patients suffering from a bacterial vagihosis infection if
compared to patients suffering from a first occurrence of bacterial
vaginosis. Furthermore, the group treated with rifaximin 25 mg for five
days, Group B, showed a higher percent recovery also in subjects suffering
from the first occurrence of the disease, as reported in Table 23.

Patients treated with 25 mg and 100 mg rifaximin in vaginal tablets In
the clinical study did not show any particular adverse event and none of the
treated groups showed any case of rifaximin-related vulvovaginal
candidiasis during treatment.

The reported clinical study showed that the treatment of patients
affected by bacterial vaginosis with controlled release vaginal tablets
prepared according to Example 1 and containing 25 mg rifaximin once a
day, for five days is more effective at recovering from the disease.

Examples 13-16 describe the obtainment of recovery, according to
Nugent criteria, in the four groups of patients enrolled in the clinical study
Group A, B, C and D. Example 17 reports a microbiological study carried
-out on vaginal rinses of patients treated with 100 mg and 25 mg rifaximin
for five days (Groups A and B) and 100 mg rifaximin for two days (Group
C) using molecular techniques, real-time PCR- and PCR-DGGE for

determining the composition of vaginal microbiota.
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Table 28 of Example 17 reports the results obtained by real-time
PCR expressed as "ng target DNA/ug total genomic DNA”,'for microbial
species, analyzed according to the group of patients involved in the clinical
study, visits V3 and V4, if compared to the data obtained by means of the
analysis before the treatment. '

The results of real-time PCR analysis show a Lactobacilli increase in
all groups treated with rifaximin, whereas the concentrations of pathogenic
bacteria such as Gardnerella vaginalis, Atopopium and Prevofella showed
a reduction in all groups treated with rifaximin, if compared to placebo, thus
showing the efficacy of the composition in tablets.

In particular, patients treated with rifaximin in tablets prepared
according to Example 1 and comprising 25 mg nfaximin for five days at visit
V3 show a Lactobacilli increase if compared to the other treated grou‘ps.

Furthermore, the treatment with controlled release tablets,
comprising 25 mg rifaximin for a five-day treatment turned out to be the
most effective, both for its activity against anaerobic bacteria and for
restoring LactObacilli, thus favoring the physiological vaginal
microenvironment.

The analysis of vaginal samples at visit V4 confirmed the data
obtained at the visit V3 at the end of the treatment for patients treated with
the composition In vaginal tabléts containing 25 mg rifaximin prepared
~according to Example 1 for a five-day treatment, since the Lactobacilli
concentration was maintained, whereas the pathogenic bacteria were
further reduced. This result confirms the selective bactericidal action of the
composition described in Example 1 and 2 between pathogenic vaginal

bacteria and not against Lactobacilli.
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Also the group of patients treated with the composition in tablets
comprising 100 mg, Group A rifaximin for five days at the visit V4
maintained the rate observed at the third visit 7-10 days after the end of the
therapy. The results obtained by means of the real-time PCR method were
confirmed by the PCR-DGGE data, and reported in EXampIe 18, showing
the efficacy of rifaximin treatment at modulating the composition of vaginal
microbiota. Also with this technique the rifaximin dosage which is most
effective at modulating vaginal microbiota is the one obtained with the
treatment by means of tablets containing 25 mg rifaximin, once a day for
five days.

Example 18 describes the surprising and unexpected result given by
the compositions in tablets containing rifaximiﬁ described in the present
invention and the results of the concentrations of vaginal microbiota at visit
V4 are reported in Table 29. The described composition in vaginal tablets
comprising rifaximin at treatment doses of 100 mg/5 days, 25 mg/5 days
and 100 mg/2 days are effective at maintaining low concentratidns of
pathogenic bacteria and increasing thé Lactobacilli conbéntration If
compared to placebo.

In particular, treatment grdup A, which received a tablet comprising
100 mg rifaximin for five days shows a twentyfold increase of Lactobacilli
concentration; treatment group B, which received a tablet comprising 25
mg rifaximin for five days shows a fortyfold increase of Lactobacilli
concentration, and treatment group C, which received a tablet comprising
100 mg rifaximin for two days shows an eightfold increase of Lactobacilli
concentration.

The results reported in Table 29 show the selective action that

rifaximin composition in tablets forms, prepared as Examples 1 and 2, favor
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the Lactobacilli colonization. The Lacfobacilli amount at the visit V4 of
Groups B and C, and in particular in Group B is the prevalent if compared
to the pathogenic species present in patients treated with rifaximin,
whereas it remains a minority Lactobacilli amount in patients treated with
placebo, also in those who showed a recovery.

This evidence supports the hypothesis that patients treated with
rifaximin preparations can maintain the recovery, whereas the others will
probably suffer from a relapse. .

The described composition in vaginal tablets is useful in recovering
from the vaginal infection, and In particular the composition comprising 25
mg rifaximin administered for five days maintains a low concentration of
pathogenic bacteria for about one month after the end of the treatment, and
leads to an increase of Lactobacilli concentration in the vagina.

Example 19 describes the definition of DGGE profiles of women
treated with rifaximin showing a smaller number" of bands indicating the
presence of a smaller number of pathogenic species if compared to the
starting profiles.

Table 30 reports the percentage of women having “clusterizing”
profiles, wherein it is confirmed a higher intra-variability in women treated
with rnifaximin if in comparison to the ones treated with placebo. In
particular, it is observed that the treatment with tablets comprising 25 mg
rifaximin for five days has a stronger impact oh vaginal microbiota, leading
to percent value smaller than the one of the other treated groups.

In order to evaluéte the pharmacological action of the examined
rifaximin compositi‘on, different treatment groups were compared by means

of the so called “Similarity Indexes (Sl)".
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Table 31 reports the Sl (Similarity Index) average values confirming
that the rnifaximin treatment restores a less complex and more physiological
vaginal microenvironment.

Another criterion used for evaluating the samples is the so called
‘Richness Index (RI)". This‘ criterion, based on the bands of each DGGE
profile, gives the measure of the complexity of the bacterial population,
which is a sign of disease for the insurgence of new pathogenic species.
Table 32 reports the Rl average values measured at visits V1 and V3.

The results of Table 32 show that vaginal microbioté profiles become
less complex in groups treated with rifaximin preparations if compared to
the placebo-treated group. l

The present invention discloses pharmaceutical compositions in
controlled release tablets, comprising fifaximin, useful in treating bacterial
vaginosis with negligible systemic absorption, which are able to release
rifaximin, also In presence of small amount of aqueous solutions. In
particular, the described compositions act selectively versus photogenic
bacteria maintaining and favoring the Lactobacilli increase of the vaginal
flora.

Moreover, the compositions of the present invention, are effective in
reducing photogenic bacteria, favoring the Lactobacilli of the vaginal flora,
after only a single daily dosage. '

Kit are also provided herein, for example kit comprising the vaginal
tablets, comprising effective comprising the vaginal tablets, comprising
effective amount of rifaximin for treating patients with vaginal infections and
Instruction for using said compositions.

Same examples relate to vaginal tablets comprising different

amounts of rifaximin and excipients, processes for their production, the in
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vivo study in animals and on affected women by vaginal infections are
reported.

Example 1

Preparation of rifaximin comprising vaginal tablets:
Compbsition 1

Solid compositions comprising 25 mg rifaximin have been prepared
by means of a process comprising the following steps:

a) preparing granules comprising rifaximin and mixing the granules in
a matrix comprising a mixture of disintegrants;

b) compacting the granules and obtaining the tablets;

c) coating of the obtained tablets with film coating.

An amount of rifaximin corresponding to 375 g iIs mixed with the
excipients for preparing the granulate, in the respective quantities as
reported in Table 3.

The excipients, copovidone, hydrated lactose hydroxy propyl methyl
cellulose and hydrated lactose were previously sieved through 1.0 mm
mesh sieve. Magnesium stearate, previously sieved through 0.5 mesh
sieve, was then added to the mixture, in the amounts reported in Table 3.

Table 3

Granule Percentage

Components components (%)

amounts (g) by weight

Rifaximin 375 g 11.1
Copovidone (Kollidon VA 64) | 84 .4 g 2.5
Hydrated lactose (Tablettose 80) 2881.8 g 85.4
Magnesium Stearate 338 g 1.0 I

Total weight 3375 g
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The components are placed in a mixer and mixed for 20 minutes at
15 rpm.

The mixture was then placed in a rotating compactor by applying a
pressure of 75 bar for obtaining the granules.

The obtained granulate was mixed with calcium silicate (Rxcipient
FM1000), crospovidone (Kollidon CL), hydrated lactose (Tablettose 80)
and copovidone (Kollidon VA64) in the amounts reported in Table 4,
previously sieved through 1 mm mesh sieve by using an 80 | BIN-like
apparatus (Bin) for 20 minutes at 15 rpm. Magnesium stearate was then -
added, previously sieved through 0.5 mesh sieve and the final mixture was
stirred for three minutes at 10 rpm.

The final composition of vaginal tablets is reported in Table 4.

Table 4
Components Components Percentage (%)
amounts (g) by weight
Rifaximin granulate 3375 ¢ 18.75%
granulate 1 (2.1% rifaximin)
Calcium Silicate 2250 g 12.5%
(Rxcipient FM1000)
Crospovidone (Kollidon CL) 540 g | 3.0%
Lactose- monohydrate 1139059 | 63.3%
(Tablettose 80)
Copovidone (Koliidon VAG4) 25329 | 1.4%
Magnesium stearate 191.2 g 1.1%
Total weight - 18000 g

The mixture obtained in step a) was compressed in a compressing

machine for obtaining 22.8 x 10.15 mm sized tablets.
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The tablets were coated by a film coating. The tablets, preheated at
45°C, are placed in a steel vessel wherein a filmogen solution was
sprayed, said solution being formed by 0.22 kg Opadry Il Pink dispersed in
2.88 kg water. Opadry Il Pink was a powder mixture formed by titanium
dioxide, red iron oxide, yellow iron oxide, polyvinyl alcohol and
polyethylene' glycol.

The filmogen dispersion was sprayed on the tablets until a tablet
average weight corresponding to 1248 mg = 5% (1185.6-1310.4 mg) was
obtained.

The spraying step there was contemporaneous with a drying step of
the tablets. After reaching the desired weight, the spraying step was
stopped and the drying step was continued, controlling the tablét water
content until a water content lower than or equal to 5% was obtained.

The tablets were then kept in moisture-preserving vessels, such as
sheets made of three white, aluminum-coated, PVC/PE/PVDC Iayers
whereon a PVDC layer is spread. The final composition (Composition 1) of

the obtained tablets is reported in Table 5.
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Table 5

o

RxCipient FM 1000
(Tablettose 80) |

Filmogen coating 48 mg
Opadry |l pink 85F34503

Total weight 1248 mg

The obtained tablets have average weight between 1185.6 and

1310.4 mg and hardness of about 14.75 Kp.

Percentage
(%) by weight

2.0
1.2
1.8
2.9
120

W
Qo
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Example 2
Preparation of vaginal tablets comprising 100 mg rifaximin
The tablets were prepared as described in Example 1, and Table 6
reports the final composition of tablets comprising 100 mg rifaximin.
- The tablets were obtained starting from a granulate having the same
composition of the granulate reported in Example 1, Table 3, to which the
excipients were mixed before the subsequent compression in order to

obtain the final composition reported in Table 6.

Table 6

- ' Percentage
Component Composition 2 _
(%) by weight

Calcium silicate
o | 150 mg
| (RxCipient FM 1000)
Lactose monohydrate 70.2
876.5 mg
(Tablettose 80)

Filmogen coating

12.0

T
)
(®
N — —
QO OO N

o
o0

| 48 mg
(Opadry |l pink 85F34503)

Total weight 1248 mg
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Example 3

Preparations of vaginalr tablets comprising 25 mg rifaximin
(Compositions 3-8)

Compositions 3-8, comprising 25 mg rifaximin, were prepared
according to a process as described in Example 1.

The composition of granules comprising rifaximin, binder, diluent and
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