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PHARMACEUTICAL COMPOSITIONS 
COMPRISING POLYMORPHIC FORMS 

ALPHA , BETA , AND GAMMA OF 
RIFAXIMIN 
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APPLICATION PRIORITY DATA 
[ 0001 ] This application is a continuation of U . S . applica 
tion Ser . No . 13 / 041 , 347 , filed Mar . 4 , 2011 , now U . S . Pat . 
No . 8 , 158 , 644 , issued on Apr . 17 , 2012 , which in turn is a 
continuation of U . S . application Ser . No . 12 / 119 , 622 , filed 
May 13 , 2008 , now U . S . Pat . No . 7 , 906 , 542 , issued on Mar . 
15 , 2011 , which in turn is a continuation - in - part of appli 
cation U . S . application Ser . No . 11 / 873 , 841 , filed on Oct . 17 , 
2007 , now U . S . Pat . No . 7 , 915 , 275 , issued on Mar . 29 , 2011 , 
which is a continuation - in part of U . S . application Ser . No . 
11 / 135 , 651 , filed on May 24 , 2005 , now abandoned , which 
is a continuation - in - part of PCT / EP04 / 12490 , filed on Nov . 
4 , 2004 , which claims priority to Italian application No . 
MI2003A002144 filed Nov . 7 , 2003 , all of which are incor 
porated . by reference herein in their entirety , including any 
drawings . 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[ 0002 ] The present invention relates to rifaximin polymor 
phic forms a , ß and y , the processes for their preparation and 
the use thereof in the manufacture of medicinal preparations . 

ment , the tmar is about 9 hours . In a further embodiment , the 
tmax is about 9 , 5 hours . In other embodiments , the AUC0 - 24 
n is about 13 ng•h / ml . 
[ 0008 ] In another embodiment , the pharmaceutical com 
position provided comprising rifaximin in polymorphic 
form a has a water content of from between about 0 % to 
about 3 % . In one embodiment , the Cmar is about 2 ng / ml . In 
a further embodiment , the Cmax is about 2 . 6 ng / ml . In one 
embodiment , the tmar is about 9 hours , in a further embodi 
ment , the tor is about 9 . 5 hours . In other embodiments , the 
AUC0 - 24 h is about 13 ng•h / ml . 
[ 0009 ] In other embodiments , a pharmaceutical composi 
tion is provided comprising rifaximin in polymorphic form 
B . In one embodiment , the Cmor is about 1 ng / ml . In a further 
embodiment , the Cmax is about 1 . 1 ng / ml . In one embodi 
ment , the tmor is about 4 hours . In a further embodiment , the 
tmax is about 9 . 5 hours . In other embodiments , the AUC0 - 24 
h is about 11 ngóh / ml . In one embodiment , the intrinsic 
dissolution rate of the rifaximin is about 0 . 01 mg / min / cm² . 
[ 0010 ] In another embodiment , the pharmaceutical com 
position provided comprising rifaximin in polymorphic 
form has a water content of from between greater than 
about 4 . 5 % . In one embodiment , the Cmar is about 1 ng / ml . 
In a further embodiment , the Cmax is about 1 . 1 ng / ml . In one 
embodiment , the mor is about 4 hours . In a further embodi 
ment , the two is about 9 . 5 hours . In other embodiments , the 
AUC0 - 24 h is about 11 ngóh / ml . In one embodiment , the 
intrinsic dissolution rate is about 0 . 01 mg / min / cm² . 
[ 0011 ] In other embodiments , a pharmaceutical composi 
tion is provided comprising rifaximin in polymorphic form 
y . In one embodiment , the Cmax , is about 670 ng / ml . In a 
further embodiment , the Cmor is about 668 ng / ml . In one 
embodiment , the two is about 2 hours . In a further embodi 
ment , the tmax is about 2 . 3 hours . In other embodiments , the 
AUC0 - 24 h is about 4000 ng . h / ml . 
[ 0012 ] In another embodiment , the pharmaceutical com 
position provided comprising rifaximin in polymorphic 
form y has a water content of from between about 1 % to 
about 2 % . In one embodiment , the Cmax is about 670 ng / ml . 
In a further embodiment , the Cmor is about 668 ng / ml . In one 
embodiment , the tmax is about 2 hours . In a further embodi 
ment , the tmr is about 2 . 3 hours . In other embodiments , the 
AUCO - 24 h is about 4000 ngóh / ml . 
[ 0013 ] Another embodiment of the invention provides a 
pharmaceutical composition comprising one or more of a 
form a , a form ß , and a form y polymorph of rifaximin and 
a pharmaceutically acceptable carrier . In one embodiment , 
the pharmaceutical composition further comprises excipi 
ents . In a further embodiment , the excipients are one or more 
of a diluting agent , binding agent , lubricating agent , disin 
tegrating agent , colouring agent , flavouring agent or sweet 
ening agent . 
[ 0014 ] In one embodiment , the composition is formulated 
for selected coated and uncoated tablets , hard and soft 
gelatine capsules , sugar - coated pills , lozenges , wafer sheets , 
pellets and powders in a sealed packet . 
[ 0015 ] One embodiment of the invention provides a phar 
maceutical composition consisting essentially of rifaximin 
in polymorphic form a . 
[ 0016 ] Another embodiment of the invention provides a 
pharmaceutical composition consisting essentially of rifaxi 
min in polymorphic form ß . 

Description of the Related Art 
[ 0003 ] Rifaximin ( INN ; see The Merck index , XIII Ed . , 
8304 ) is an antibiotic belonging to the rifamycin class , 
namely a pyrido - imidazo rifamycin described and claimed 
in Italian Patent IT 1154655 , while EP 0161534 discloses 
and claims a process for its production starting from rifa 
mycin O ( The Merck Index , XIII Ed . , 8301 ) , 
[ 0004 ] Both these patents generically describe the purifi 
cation of rifaximin by crystallization in suitable solvents or 
solvent systems and summarily show in some examples that 
the resulting product can be crystallized from the 7 : 3 mix 
ture of ethyl alcohol / water and dried both under atmospheric 
pressure and under vacuum . Neither information concerning 
the experimental conditions of crystallization and drying , 
nor any distinctive crystallographic characteristic of the 
obtained product are reported . 
[ 0005 ] The presence of different polymorphs had not been 
ascertained and therefore the experimental conditions 
described in both patents had been developed with the aim 
of obtaining a homogeneous product having suitable purity 
from the chemical point of view , apart from the crystallo 
graphic aspects of the product itself . 
[ 0006 ] It has now been unexpectedly found that some 
polymorphic forms of rifaximin exist whose formation 
depends on the solvent as well as on the conditions of time 
and temperature at which both crystallization and drying are 
carried out . 

711 

SUMMARY OF THE INVENTION 
[ 0007 ] In one embodiment , a pharmaceutical composition 
is provided comprising rifaximin in polymorphic form a . In 
one embodiment , the Cmor is about 2 ng / ml . In a further 
embodiment , the Cmax is about 2 . 6 ng / ml . In one embodi - 77122 
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[ 0017 ] A further embodiment of the invention provides a 
pharmaceutical composition consisting essentially of rifaxi 
min in polymorphic form y . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0018 ] FIG . 1 is a powder X - ray diffractogram of rifaxi 
min polymorphic form a . 
[ 0019 ] FIG . 2 is a powder X - ray diffractogram of rifaxi 
min polymorphic form ß . 
[ 0020 ] FIG . 3 is a powder X - ray diffractogram of rifaxi 
min polymorphic form y . 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[ 0021 ] The present invention relates to the form a , the 
form ß and the form y of the antibiotic known as rifaximin 
( INN ) , the processes for their preparation and the use thereof 
in the manufacture of medicinal preparations for the oral or 
topical route . 
[ 0022 ] The process of the present invention comprises 
reacting one molar equivalent of rifamycin O with an excess 
of 2 - amino - 4 - methylpyridine , preferably from 2 . 0 to 3 . 5 
molar equivalents , in a solvent mixture consisting of water 
and ethyl alcohol in volumetric ratios between 1 : 1 and 2 : 1 , 
for a time between 2 and 8 hours at a temperature between 
40° C . and 60° C . 
[ 0023 ] After completion of the reaction , the reaction mass 
is cooled to room temperature and added with a solution of 
ascorbic acid in a mixture of water , ethyl alcohol and 
aqueous concentrated hydrochloric acid , under strong stir 
ring , in order to reduce the small amount of oxidized 
rifaximin that forms during the reaction . Finally the pH is 
adjusted to about 2 . 0 by further addition of hydrochloric acid 
concentrated aqueous solution , in order to better remove the 
excess of 2 - amino - 4 - methylpyridine used in the reaction . 
The suspension is filtered and the resulting solid is washed 
with the same solvent mixture water / ethyl alcohol as used in 
the reaction . Such semifinished product is called “ raw rifaxi 
min ” . 
[ 0024 ] The raw rifaximin can be directly submitted to the 
subsequent purification step . Alternately , in case long times 
of preservation of the semifinished product are expected , the 
raw rifaximin can be dried under vacuum at a temperature 
lower than 65° C . for a time between 6 and 24 hours , such 
semifinished product is called “ dried raw rifaximin ” . 
[ 0025 ] The resulting raw rifaximin and / or dried raw rifaxi 
min are purified by dissolution in ethyl alcohol at a tem 
perature between 45º C . and 65° C . , followed by crystalli 
zation by addition of water , preferably in weight amounts 
between 15 % and 70 % to the weight amount of ethyl alcohol 
used for the dissolution , and by keeping the resulting sus 
pension at a temperature between 50° C . and 0° C . under 
stirring during a time between 4 and 36 hours , 
10026 ] . The suspension is filtered and the Obtained solid is 
washed with water and dried under vacuum or under normal 
pressure , optionally in the presence of a drying agent , at a 
temperature between room temperature and 105° C . for a 
time between 2 and 72 hours . 
[ 0027 ] The achievement of the a , 13 and fit forms depends 
on the conditions selected for the crystallization . In particu 
lar , the composition of the solvent mixture used for the 
crystallization , the temperature at which the reaction mix 

ture is kept after the crystallization and the period of time at 
which that temperature is kept , have proven to be critical . 
[ 0028 ] More precisely , rifaximin y is obtained when the 
solution is brought to a temperature between 28° C . and 32° 
C . to start precipitation and the resulting suspension is 
further cooled to 0° C . and kept at this temperature for a time 
between 6 and 24 hours , 
[ 0029 ] The suspension is filtered , the solid is washed with 
demineralized water and is dried to a water content between 
1 . 0 % and 2 . 0 % . 
( 0030 ) The a and B rifaximins are obtained when the 
temperature is first brought to a value between “ 28° C . and 
32° C . in order to start crystallization , then the suspension is 
brought to a temperature between 40° C . and 50° C . and kept 
at this value for a time between 6 and 24 hours , then the 
suspension is quickly cooled to 0° C . in 15 minutes to one 
hour , then is filtered , the solid is washed with water and then 
dried . 
[ 0031 ] The drying steps plays an important role in obtain 
ing the rifaximin a and ß polymorphic forms and has to be 
monitored by a method suited to water dosage , such as the 
Karl Fischer method , in order to check the amount of 
remaining water present in the product under drying . 
[ 0032 ] Rifaximin a or rifaximin ß are obtained by drying 
to different final water contents , be they higher or lower than 
4 . 5 % , and do not depend on the experimental conditions of 
pressure and temperature at which such critical water con 
tents are achieved . In fact , the two polymorphic forms , with 
higher or lower water content , can be obtained by drying 
under vacuum or at atmospheric pressure , at room tempera 
ture or at high temperatures , optionally in the presence of 
drying agents , provided that the drying is prolonged for the 
time necessary to reach the water content characteristic for 
each polymorphic form . 
[ 0033 ] The polymorphic form ß is obtained when the 
drying of the product crystallized and washed with water is 
stopped at water contents higher than 4 . 5 % , measured by 
Karl Fischer , preferably between 5 . 0 % and 6 . 0 % , while the 
polymorphic form a is obtained when drying is continued 
until water contents lower than 4 . 5 % , preferably between 
2 . 0 % and 3 . 0 % . 
[ 0034 ] Both the form y and the forms a and ß of rifaximin 
are hygroscopic , they reversibly absorb water in time in the 
presence of suitable environmental conditions of pressure 
and humidity and are susceptible of transformation from one 
form into another . 
[ 0035 ] When the polymorphic form a is kept under con 
ditions of relative humidity higher than 50 % for a time 
between 12 and 48 hours , it changes into the polymorphic 
form ß , which in its turn is transformed into the polymorphic 
form a upon drying to a water content lower than 4 . 5 % , 
preferably comprised between 2 . 0 % and 3 . 0 % . 
[ 003 ] Another type of transition exists between the form 
y and the forms a and B , depending upon the temperatures 
kept during the phase of precipitation of rifaximin . 
[ 0037 . In particular , the form y turns into the forms a or 
B when a suspension of the form y of rifaximin is kept in an 
ethyl alcohol / water 7 : 3 ( V / V ) solvent mixture at a tempera 
ture between 38° C . and 50° C . under strong stirring for a 
prolonged time , preferably comprised between 6 and 36 
hours . 
[ 0038 ] After filtration and washing with demineralized 
water , drying to a water content higher than 4 . 5 % , preferably 
between 5 . 0 % and 6 . 0 % , affords the polymorphic form ß , 
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while when drying is continued to a water content lower than 
4 . 5 % , preferably between 2 . 0 % and 3 . 0 % , gives the form a . 
10039 ] Rifaximins a and ß can in their turn change into 
rifaximin y by dissolution in ethyl alcohol and treatment of 
the resulting solution as previously described for the prepa 
ration of the form y . 
[ 0040 ] These transitions from one form into another are 
very important for the invention , as they can be provide an 
alternative process for the preparation of the form desired 
for the production of the medicinal preparations . Therefore , 
the process that allows to transform rifaximin y into rifaxi 
min a or ß in a valid industrial manner , or vice versa 
rifaximin ß into rifaximin a , are important parts of the 
invention . 
10041 ] The process concerning the transformation of 
rifaximin y into rifaximin a or rifaximin B comprises sus 
pending rifaximin y in a solvent mixture consisting of ethyl 
alcohol / water in 7 : 3 volumetric ratio , warming the suspen 
sion to a temperature between 38° C . and 50° C . and keeping 
it at this temperature under strong stirring for a time between 
6 and 36 hours . The suspension is then filtered , the solid is 
washed with water and dried ; the polymorphic form ß is 
obtained when drying is carried out to a water content 
between 5 . 0 % and 6 . 0 % measured by the Karl Fischer 
method , while the polymorphic form a is obtained when 
drying is continued to a water content between 2 . 0 % and 
3 . 0 % . 
[ 0042 ] The process for the preparation of the formy 
starting from rifaximin a or ß comprises dissolving the a or 
B form in ethyl alcohol under stirring , at a temperature 
between 50° C . and 60° C . , adding demineralized water to 
an ethyl alcohol / water 7 : 3 volumetric ratio , cooling the 
solution to 30° C . under strong stirring , cooling the precipi 
tate to 0° C . and keeping the suspension under stirring at 0° 
C . for a time between 6 and 24 hours . The suspension is then 
filtered , the solid is washed with water and dried to a water 
content lower than 2 . 0 % thereby obtaining rifaximin y . 
10043 ] The process for the transformation of the form a 
into the form ß consists in keeping powder rifaximin a in an 
ambient having relative humidity higher than 50 % for the 
time required to obtain a water content in the powder higher 
than 4 . 5 % , which time is usually between 12 and 48 hours . 
[ 0044 ] The process for the transformation of the form ^ 
into the form a consists in drying powder rifaximin ß under 
vacuum or under conditions of normal pressure , optionally 
in the presence of a drying agent , at a temperature between 
the room temperature and 105° C . , for a time between 2 . and 
72 hours , to obtain a water content in the powder lower than 
4 . 5 % , preferably between 2 . 0 % and 3 . 0 % . 
[ 0045 ] It is evident from what stated above that during 
preservation of the product particular care should be taken 
so that the ambient conditions do not affect the water content 
of the product , by preserving the product in an environment 
having controlled humidity or in closed containers that allow 
no significant exchanges of water with the exterior . 
[ 0046 ) . The rifaximin a polymorph is characterized by a 
water content lower than 4 . 5 % , preferably between 2 . 0 % 
and 3 . 0 % and by a powder X - ray diffractogram ( reported in 
FIG . 1 ) which shows peaks at the values of the diffraction 
angles 20 of 6 . 6° ; 7 . 4° ; 7 . 9° ; 8 . 8° ; 10 . 5° ; 11 . 1° : 11 . 8° ; 12 . 9° ; 
17 . 6° ; 18 . 5° ; 19 . 7° ; 21 . 0° ; 21 . 4° ; 22 . 1º . The rifaximin ß 
polymorph is characterized by a water content higher than 
4 . 5 % , preferably between 5 . 0 % and 6 . 0 % , and by a powder 
X - ray diffractogram ( reported in FIG . 2 ) which shows peaks 

at the values of the diffraction angles 20 of 5 . , 4° ; 6 . 4° ; 7 . 0° ; 
7 . 8° ; 9 . 0° ; 10 . 4° ; 13 . 1 , 9 ; 14 . 4° ; 17 . 1° ; 17 . 9° ; 18 , 3° ; 20 . 9º . 
f0047 ] The rifaximin polymorph is characterized by a 
powder X - ray diffractogram much poorer because of the 
poor crystallinity ; the significant peaks are at the values of 
the diffraction angles 20 of 5 . 0° ; 7 . 1° ; 8 . 4° as reported in 
FIG . 3 . 
[ 0048 ] The diffractograms have been carried out using a 
Philips X ’ Pert instrument fitted with Bragg - Brentano geom 
etry and under the following working conditions : 

[ 0049 ] X - ray tube : Copper 
[ 0050 ] Radiation used : K ( al ) , K ( a2 ) 
[ 0051 ] Tension and current of the generator : KV 40 , mA 

40 
[ 0052 ] Monocromator : Graphite 
[ 0053 ] Step size : 0 . 02 
[ 0054 ] Time per step : 1 . 25 seconds 
[ 0055 ] Starting and final angular 20 value : 3 . 0° - 30 . 0° 

[ 0056 ] The evaluation of the water content in the analyzed 
samples has always been carried out by means of the Karl 
Fischer method . 
[ 0057 ) Rifaximin a , rifaximin B and rifaximin y signifi 
cantly differ from each from other also in terms of bioavail 
ability and intrinsic dissolution . 
[ 0058 ] A bioavailability study of the three polymorphs has 
been carried out on Beagle female dogs , by feeding them 
orally with a dose of 100 mg / kg of one of the polymorphs , 
collecting blood samples from the jugular vein of each 
animal before each dosing and 1 , 2 , 4 , 6 , 8 and 24 hours after 
each dosing , transferring the samples into tubes containing 
heparin and separating the plasma by centrifugation . 
[ 0059 ] The plasma has been assayed for rifaximin on the 
validated LC - MS / MS ( Liquid Chromathography - Mass 
Spectrometry / Mass Spectrometry ) method and the maxi 
mum plasma concentration observed ( Cmor ) , the time to 
reach the ( Cmor ) ( tmar ) , and the area under the concentra 
tion — time curve ( AUC ) have been calculated . 
[ 0060 ] The experimental data reported in the following 
table I dearly show that rifaximin a and rifaximin B are 
negligibly absorbed , while rifaximin yis absorbed at a value 
( Cmax = 0 . 66814 ug / ml ) comprised in the range of from 0 . 1 . 
to 1 . 0 ug / ml . 

771 1X 

TABLE 1 
Pharmacokinetic parameters for rifaximin polymorphs following single 

oral administration of 100 mg / kg by capsules to female dogs . 

Cmax tmax 
h 

AUC0 - 24 
ng / ml 
Mean 

ng : h / ml 
Mean Mean 

9 . 5 13 Polimorph a 
Polimorph B 
Polimorph y 

2 . 632 
1 . 096 

668 . 22 
A 11 
2 . 25 3908 

[ 0061 ] Intrinsic dissolution tests have been carried out on 
each of the three polymorphs according to the method 
described in the monograph 1087 at pages 2512 - 2513 of the 
USP ( U . S . Pharmacopoeia ) 27 , dearly showing significant 
differences among rifaximin a rifaximin ß and rifaximin y . 
[ 0062 ] A sample of each rifaximin polymorph has been 
put into a die and compressed at 5 tons by means of a punch 
of a hydraulic press to obtain a compacted pellet . 
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[ 0063 ] The die - holder containing the compacted pellet has 
then been mounted on a laboratory stirring device , immersed 
in a dissolution medium and rotated by means of the stirring 
device . 
[ 0064 ] The test , carried out in a dissolution medium made 
of aqueous phosphate buffer at pH 7 . 4 and of sodium lauryl 
sulfate at a temperature of 37 + 0 . 5° C . , has shown significant 
differences among the instrinsic dissolution rates exhibited 
by the three polymorphs . 
[ 0065 ] Rifaximin a has shown disintegration of the com 
pacted pellet within 10 minutes so that it has not been 
possible to calculate the value of its intrinsic dissolution , 
while the intrinsic dissolution of rifaximin y has been about 
ten times as much that of rifaximin B in accordance with its 
bioavailability which is more than hundred times as much 
that of rifaximin ß . 
[ 0066 The above experimental results further point out 
the differences existing among the three rifaximin poly 
morphs . 
[ 0067 ] The forms a , ß and y can be advantageously used 
in the production of medicinal preparations having antibiotic 
activity , containing rifaximin , for both oral and topical use . 
The medicinal preparations for oral use will contain rifaxi 
min a or ß or y together with the usual excipients , for 
example diluting agents such as mannitol , lactose and sor 
bitol ; binding agents such as starchs , gelatines , sugars , 
cellulose derivatives , natural gums and polyvinylpyrroli 
done ; lubricating agents such as talc , stearates , hydrogenated 
vegetable oils , polyethylenglycol and colloidal silicon diox 
ide ; disintegrating agents such as starchs , celluloses , alg 
inates , gums and reticulated polymers ; coloring , flavoring 
and sweetening agents . 
10068 ] The present invention relates to all of the solid 
preparations administrable by the oral route , for instance 
coated and uncoated tablets , of soft and hard gelatine 
capsules , sugar - coated pills , lozenges , wafer sheets , pellets 
and powders in sealed packets . 
10069 ] The medicinal preparations for topical use will 
contain rifaximin a or ß or y together with usual excipients , 
such as white petrolatum , white wax , lanoline and deriva 
tives thereof , stearylic alcohol , propylene glycol , sodium 
lauryl sulfate , ethers of fatty polyoxyethylene alcohols , 
esters of fatty polyoxyethylene acids , sorbitan monostearate , 
glyceryl monostearate , propylene glycol monostearate , 
polyethylene glycols , methylcellulose , hydroxy propylmeth 
ylcellulose , sodium carboxymethylcellulose , colloidal alu 
minium and magnesium silicate , sodium alginate . 
[ 0070 ] The present invention relates to all of the topical 
preparations , for instance ointments , pomades , creams , gels 
and lotions . 
10071 ] The invention is further illustrated by some 
examples . Such examples are not to be taken as a limitation 
of the invention , it is in fact evident that the a , ß and y forms 
can be obtained by suitably combining between them the 
above mentioned conditions of crystallization and drying . 

cession at room temperature . After loading , the mass is 
heated at 47 : 3° C . and kept under stirring at this temperature 
for 5 hours , then is cooled to 20 3° C . and , during 30 
minutes , is added with a mixture , prepared separately , of 9 
ml of demineralized water , 12 . 6 ml of ethyl alcohol , 1 . 68 g 
of ascorbic acid and 9 . 28 g of aqueous concentrated hydro 
chloric acid . After completion of the addition , the mass is 
kept under stirring for 30 minutes at an inner temperature of 
20 + 3° C . then 7 . 72 g of concentrated hydrochloric acid are 
dripped until a pH equal to 2 . 0 . while keeping said tem 
perature . 
[ 0073 ] After completion of the addition , the mass is kept 
under stirring for 30 minutes , keeping an inner temperature 
of 20° C . , then the precipitate is filtered and washed with a 
mixture of 32 ml of demineralized water and of 25 ml of 
ethyl alcohol . The resulting “ raw rifaximin ” ( 89 . 2 g ) is dried 
under vacuum at room temperature for 12 hours obtaining 
64 . 4 g of “ dried raw rifaximin ” which shows a water content 
of 5 . 6 % and a diffractogram corresponding to the polymor 
phic form ß . The product is further dried under vacuum until 
constant weight to afford 62 . 2 . g of dried raw rifaximin 
having a water content of 2 . 2 % , whose diffractogram cor 
responds to the polymorphic form a . 
[ 0074 ] The product is hygroscopic and the obtained poly 
morphic form is reversible : the polymorphic form a absorbs 
water from atmospheric humidity , depending on the relative 
humidity and the exposure time . When the water content 
absorbed by the polymorphic form a becomes higher than 
4 . 5 % , polymorphous a turns to polymorphous ß . This in its 
turn loses part of water by drying , changing into the poly 
morphic form a when a water content between 2 . 0 % and 3 . 0 
is reached . 

EXAMPLE 2 

Preparation of Rifaximin y 
[ 0075 ] 163 ml of ethyl alcohol and 62 . 2 g of dried raw 
rifaximin are loaded at room temperature into a three - necked 
flask equipped with mechanic stirrer , thermometer and 
reflux condenser . The suspension is heated at 57 - 3° C . under 
stirring until complete dissolution of the solid , and added 
with 70 ml of de - mineralized water at this temperature in 30 
minutes . After completion of the addition the temperature is 
brought to 30° C . in 40 minutes and kept at this value until 
complete crystallization , then the temperature is further 
lowered to 0° C . in 2 hours and kept at this value for 6 hours . 
The suspension is then filtered and the solid is washed with 
180 g of demineralized water and dried under vacuum at 
room temperature until constant weight , thereby obtaining 
52 . 7 g of pure rifaximin y having water content of 1 . 5 % . 
10076 ] . The form y is characterized by a powder X - ray 
diffractogram showing significant peaks at diffraction angles 
20 of 5 . 0° ; 7 . 1° ; 8 . 49 . 

EXAMPLE 3 

EXAMPLE 1 

Preparation of Raw Rifaximin and of Dried Raw 
Rifaximin 

Preparation of Rifaximin a 
[ 0077 ] 62 . 2 Grams of dried raw rifaximin and 163 ml of 
ethyl alcohol are loaded at room temperature into a three 
necked flask equipped with mechanic stirrer , thermometer 
and reflux condenser . The suspension is heated at 57 + 3° C . 
until complete dissolution of the solid and then 70 ml of 
demineralized water are added at this temperature during 30 
minutes . After completion of the addition , the temperature is 

10072 ] In a three - necked flask equipped with mechanic 
stirrer , thermometer and reflux condenser , 120 ml of demin 
eralized water , 96 ml of ethyl alcohol , 63 . 5 g of rifamycin o 
and 27 . 2 g of 2 - amino - 4 - methylpyridine are loaded in suc 
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brought to 30° C . during 40 minutes and is kept at this value 
until plentiful crystallization . The temperature of the sus 
pension is then brought to about 40° C . and kept at this value 
during 20 hours under stirring ; then the temperature is 
decreased to 0° C . in 30 minutes and the suspension is 
immediately filtered . The solid is washed with 180 ml of 
demineralized water and dried under vacuum at room tem 
perature until constant weight , thereby obtaining 51 . 9 g of 
rifaximin form a are obtained with a water content equal to 
2 . 5 % and a powder X - ray diffractogram showing peaks at 
values of angles 20 of 6 . 6° ; 7 . 4° ; 7 . 9° ; 8 . 8° ; 10 . 5° ; 11 . 1° ; 
11 . 8° ; 12 . 9° ; 17 . 6° ; 18 . 5° ; 19 . 7° ; 21 . 0° ; 21 . 4° ; 22 . 1º . 

mechanic stirrer . The suspension is then filtered and the solid 
is washed with water , then dried under vacuum at room 
temperature until constant weight . 4 Grams of rifaximin are 
Obtained showing a powder X - ray diffractogram corre 
sponding to that of the polymorphic form a and a water 
content equal to 2 . 6 % . 

EXAMPLE 8 
Preparation of Rifaximin y Starting From Rifaximin 

EXAMPLE 4 
Preparation of Rifaximin a 

[ 0078 ] 89 . 2 Grams of raw rifaximin and 170 ml of ethyl 
alcohol are loaded at room temperature into a three - necked 
flask equipped with mechanic stirrer , thermometer and 
reflux condenser , then the suspension is heated at 57 + 3° C . 
until complete dissolution of the solid . The temperature is 
brought to 50° C . and then 51 . 7 ml of demineralized water 
are added at this temperature during 30 minutes . After 
completion of the addition the temperature is brought to 30° 
C . in one hour and the suspension is kept for 30 minutes at 
this temperature obtaining a plentiful crystallization . The 
temperature of the suspension is brought to 40° C . and kept 
at this value during 20 hours under stirring and then further 
lowered to 0° C . during 30 minutes after which the suspen 
sion is immediately filtered . The solid is washed with 240 ml 
of demineralized water and dried under vacuum at 65° C . 
until constant weight thereby obtaining 46 . 7 g of rifaximin 
a with a water content equal to 2 . 5 % . 

[ 0082 ] 15 Grams of rifaximin form a and 52 . 4 ml of ethyl 
alcohol are loaded into a 250 ml three - necked flask equipped 
with reflux condenser , thermometer and mechanical stirrer ; 
the suspension is heated under stirring at the temperature of 
50° C . until complete dissolution of the solid . 
10083 ) The clear solution is added with 22 . 5 ml of water 
in 30 minutes under stirring , cooled to 30° C . and kept at this 
temperature for 30 minutes . The formed suspension is 
cooled to 0° C . under strong stirring and kept at this 
temperature during 6 hours . After this time , part of the 
suspension is taken , filtered , washed with demineralized 
water and dried under vacuum at 30° C . until constant 
weight . 
[ 0084 ] The resulting product , 3 . 7 g , shows a diffractogram 
consistent with that of the form y and a water content of 
1 . 7 % 
0085 ] The remaining part of the suspension is kept at 0° 
C . for further 18 hours under strong stirring and then is 
filtered , washed with demineralized water and dried at 30° 
C . under vacuum until constant weight , 9 Grams of product 
showing a diffractogram consistent with that of the formy 
and a water content equal to 1 . 6 % are obtained . 

EXAMPLE 5 EXAMPLE 9 

Preparation of Rifaximin a 
[ 0079 ] Example 3 is repeated , but increasing to 50° C . the 
temperature at which the suspension is kept and lowering to 
7 hours the time in which the suspension is kept at this 
temperature . The product obtained is equal to that of 
example 3 . 

Preparation of Rifaximin a Starting From 
Rifaximin ß 

[ 0086 ] 5 Grams of rifaximin p having a water content 
equal to 5 . 0 % are dried under vacuum at + 30° C . during 8 
hours obtaining 4 . 85 g of rifaximin a having a water content 
equal to 2 . 3 % . 

EXAMPLE 6 EXAMPLE 10 

Preparation of Rifaximin ß 
[ 0080 ] The crystallization of the dried raw rifaximin is 
carried out according to the process described in example 3 . 
Drying under vacuum at room temperature is monitored by 
Karl Fischer and stopped when the water content reaches 
5 . 0 % : 52 . 6 g of rifaximin ß are obtained characterized by a 
powder X - ray diffractogram showing peaks at values of 
angles 20 of 5 . 4° ; 6 . 4 ' ; 7 . 0° ; 7 . 8° ; 9 . 0° ; 10 . 4° ; 13 . 1° , 14 . 4° ; 
17 . 1° ; 17 . 9° ; 18 . 3° ; 20 . 9º . 

Preparation of Rifaximin ß Starting From 
Rifaximin a 

[ 0087 ] 5 Grams of rifaximin a having a water content 
equal to 2 . 5 % are kept during 40 hours in an atmosphere 
containing a relative humidity equal to 56 % made by means 
of a saturated aqueous solution of calcium nitrate tetrahy 
drate . 5 . 17 Grams of rifaximin ß with a water content equal 
to 5 . 9 % are obtained after this time . 

of 

EXAMPLE 11 
EXAMPLE 7 

Preparation of Rifaximin a Starting from 
Rifaximin y 

[ 0081 ] 5 Grams of rifaximin y are suspended in a mixture 
of 13 ml of ethyl alcohol and 5 . 6 ml of water and the 
suspension is heated at 40° C . during 2 . 4 hours under stirring 
in a 50 ml flask equipped with condenser , thermometer and 

Bioavailability in Dogs by Oral Route 
[ 0088 ] Twelve 20 week pure - bred Beagle females dogs , 
and weighing between 5 . 0 and 7 . 5 kg , have been divided 
into three groups of four . 
[ 0089 ] The first of these three groups has been treated with 
rifaximin a , the second with rifaximin B and third with 
rifaximin y according to the following procedure . 
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[ 0090 ] Each dog received orally 100 mg / kg of one of the 
rifaximin polymorphs in gelatin capsules and 2 ml blood 
samples were collected from the jugular vein of each animal 
before each administration and 1 , 2 , 4 , 6 , 8 and 24 hours after 
the administration . Each sample was transferred into an 
heparinized tube and was centrifuged ; the plasma was 
divided into 500 ul two aliquots and frozen at - 20° C . 
10091 ] The rifaximin contained in the plasma was assayed 
by means of the validated LC - MS / MS method and the 
following parameters were calculated according to standard 
non - compartmental analysis : 
[ 0092 ] Cmax = maximum plasma concentration of rifaximin 
observed in the plasma ; 
[ 0093 ] Tmax = time at which the Cmax is reached ; 
[ 00941 AUC = area under the concentration - time curve cal 
culated through the linear trapezoidal rule . 
10095 ) . The results reported in the following table 2 clearly 
show how the rifaximin y is very much more absorbed , more 
than 102 . times , in respect of rifaximin a and rifaximin ß 
which are practically not absorbed . 

[ 0099 ] The holder containing the die was mounted on a 
laboratory stirring device , immersed in a glass vessel con 
taining a dissolution medium and rotated at a rotation speed 
of 100 rpm by means of the stirring device , while keeping 
the temperature of the dissolution medium at 37 + 0 . 5° C . The 
dissolution medium contained in the glass vessel consisted 
of 1000 ml of 0 . 1 M aqueous phosphate buffer pH 7 . 4 
containing 4 . 5 g of sodium lauryl sulfate and was kept at 
37 + 0 . 5° C . for the whole duration of the test . 
[ 0100 ] Samples of 2 ml of solution were taken after 15 , 30 , 
45 and 60 minutes from the start of the dissolution procedure 
and analyzed by HPLC for the amount of rifaximin dis 
solved . 
10101 ] The sample containing rifaximin a systematically 
showed disintegration of the compacted pellet within 10 
minutes and said phenomenon was also present at lower 
concentrations ( 0 . 1 % and 0 . 3 % ) of sodium lauryl sulfate and 
even in absence of said surfactant , so that the value of its 
intrinsic dissolution could not be calculated . 
[ 0102 ] The intrinsic dissolution of rifaximin y was about 
ten times as much that of rifaximin ß at every time , as it can 
be inferred by the experimental results shown in the follow 
ing table 3 . 

TABLE 2 
Pharmacokinetic parameters for rifaximin polymorphs following single 

oral administration of 100 mg / kg by capsules to female dogs . 
TABLE 3 

???? max AUC0 - 24 
ng / ml 
Mean 

h 
Mean 

ng : h / ml 
Mean 

Intrinsic dissolution in 0 . 1M aqueous phosphate 
buffer pH 7 . 4 with 0 . 45 % sodium lauryl sulfate 

9 . 5 13 Rifaximin dissolved ( mg / cm ? rifaximin a 
rifaximin B 
rifaximin y 

2 . 632 
1 . 096 

668 . 22 
11 4 

2 . 25 3908 Time ( min ) B polymorph y polymorph 
15 

EXAMPLE 12 30 
45 
60 

Intrinsic dissolution 
rate ( mg / min / cm ) 

0 . 28 
0 . 50 
0 . 72 
0 . 94 
0 . 0147 

2 . 46 
4 . 52 
6 . 44 
9 . 04 
0 . 1444 Intrinsic Dissolution Test 

[ 0096 ] A sample of 100 mg of each rifaximin polymorph 
was submitted to the intrinsic dissolution test carried out as 
described in the monograph 1087 at pages 2512 - 2513 of the 
USP ( US , Pharmacopoeia ) 27 . 
[ 0097 ] 100 Milligrams of a rifaximin polymorph were put 
into a die and compressed for 1 minute under a pressure of 
5 tons by means of a punch in a hydraulic press . 
[ 0098 ] A compacted pellet was formed in the die with a 
single face of defined area exposed on the bottom of the die 
so that from 50 % to 75 % of the compacted pellet could 
dissolve in an appropriate dissolution medium . 

What is claimed is : 
1 . A pharmaceutical composition comprising rifaximin in 

polymorphic form a . 
2 . A pharmaceutical composition comprising rifaximin in 

polymorphic form ß . 
3 . A pharmaceutical composition comprising rifaximin in 

polymorphic form y . 


