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WO 2006/094662 PCT/EP2006/001755 NEW POLYMORPHOUS FORMS

OF RIFAXIMIN, PROCESSES FOR THEIR PRODUCTION AND USE
wo ME%%’F IN THE MEDICINAL PREPARATIONS Backgroln&l GEthe’ 01753

invention The rifaximin (INN; see The Merck Index, XIII Ed., 8304) is an

N antibiotic Eertaining to the rifamycin class, exactly it is a pyri
H - Gl » [ » r ) ]
51
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L ON AND USE THERROK IN THE
PR%fiﬂAmsf igats describe the purification of the rifaximin in a generic
‘—Way?aymgﬁa'rme crystallization can be carried out in suitable solvents
or solvent systems and summarily showing in some examples that the
product 10 coming from the reaction can be crystallized from the 7:3
mixBaekgetwhdlebltb¥vintendiacan be dried both under atmospheric

pressure and under vacuum without s&/ﬁi?ng in any way neither the _
expemaeHEdamaidR Y &stdimtiviresi dﬂﬁ/ﬁﬁ; nStEnEdistifdfe) is an

a0 el BT o ok HAEBRATAT eIl dhe eicraniaas-midazo
riffRRITaBRkp00aians daneieth uho RN, bt tee 1@%%39%16 the

the goal to get a homogeneous product having a suitable purity” from

Butlop ehePinahpdim of 6ieyappastHiowstha Eysaled anbiscasresta obiRiuction
product itself. 20 It has now be found, unexpectedly, that some

stapohygnogphdbs fofangrist Ovibse Menakidndexg Kbk tb 188 Gbjvent,
depends on the conditions of time and temperature at which both the

cryseibdhsiandigritdagihe therribrativeef Shearijassmimotpriogeneric
W%ﬁ?&%ggg}%é]%ysc%rl]ﬁ%'gg%?lag%r\{v t%zga%‘{g 491?12 in suitable solvents or
solvent systems and summarily showing in some examples that the product
coming from the reaction can be crystallized from the 7:3 mixture of ethyl
alcohol/water and can be dried both under atmospheric pressure and under
vacuum without saying in any way neither the experimental conditions of
crystallization and drying, nor any distinctive crystallographic characteristic
of the obtained product.

The presence of different polymorphs had not been just noticed and
therefore the experimental conditions described in both patents had been
developed with the goal to get a homogeneous product having a suitable purity
from the chemical point of view, apart from the crystallographic aspects of the
product itself.

It has now be found, unexpectedly, that some polymorphous forms exist
whose formation, in addition to the solvent, depends on the conditions of time
and temperature at which both the crystallization and the drying are carried
out.

These orderly polymorphous forms will be, later on, conventionally
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2 identified as rifaximin S (figure 1) and rifaximin e (figure 2) on the basis
of their respective specific diffractograms reported in the present

wo aRRlieatien. The polymorphous forms of the rifaximin have pegikp2006/001755
characterized through the technique of the powder X-ray diffraction. 5 The
identification and characterization of these polymorphous forms and,

. contemporarily, the definition of the experimental congitions for obgaining,

idenkidiRdsaseR ARBBHAN (GFSHEBMPSEUTHIENEE it ﬂ%ﬁ%&&}oéegﬁ’a%m of
activity which, like the rifaximin, is marketed.as medicinal pr ion,.:

e R AR A G AR ELRIR RPN E o LT A g 1 hrion,

polygE rfg}!%%frﬁkﬁﬁ[ﬁ Pegnd dhak canebe;userhfs agtive PHEGPI8haracterized

contained in" a medicinal preparation can influence the
thraeiraecoctnicqlagisiptapedied af Xheagrdgfikierent polymorphous

forms of an active principle administered as drug under oral or topical

forrilcan dendifjoataoy progechesapadantie mbatrbinglysormhgus forms

stability, colour, compressibility, flowability and 15 workability with . .
andeotSEHGEHIGHIH caliBh oflﬁﬁg’b%mesoéft coSeRmenE), candijions for

effectiveness and productive efficiency. What abave loned | :
Obt%%e%ﬁv%ﬁh aluc’tho\ﬁ%)r/yby the” aréfl {ﬁat ﬁ}]{é aﬁthgﬁﬁ@%{%%%:eg&a?&ﬁ% with

phe&iﬁﬁ_&&?f&@%@ymﬁi@ﬁ?%fﬁf:melﬁ@m%éifoﬁfﬁﬁng%gﬁl@ﬂ{@\%dn%kﬂedicinal

require that the manufacturing methods of the active 20 principles are
r ardjzbdtanfbednirabed an ductterimaysthatdhéy ko outhat the
p :
and sound results in terms of ﬁolymorEhism of the production batches

polcranphidwriDe, 2oDBoWNstd el GuidmBeshasRSHstPanAtRIe Aepiained in

Substance; CPMP(ICH/367/96 - Note for guidance specifications: test .
o R Gue R SRATALED b AT HEHE o ol U L LGBl A R erties of

drug 25-preducts: chemical : ing.j ian;
s T e T R

SO R SR oot
bid2ewélapilient aathbility, stability, colour, compressibility, flowability and
workability with consequent modification of the profiles of toxicological
safety, clinical effectiveness and productive efficiency.

What above mentioned is confirmed with authority by the fact that the
authorities that regulate the grant of the authorization for the admission of the
drugs on the market require that the manufacturing methods of the active
principles are standardized and controlled in such a way that they give
homogeneous and sound results in terms of polymorphism of the production
batches (CPMP/QWP/96, 2003 - Note for Guidance on Chemistry of new
Active Substance; CPMP/ICH/367/96 - Note for guidance specifications: test
procedures and acceptance criteria for new drug substances and new drug
products: chemical substances; Date for coming into operation: May 2000).

The need of the above-mentioned standardization has further been

strengthened just in the field of the rifamycin antibiotics from Henwood 5.Q.,

de Villiers M.M., Liebenberg W. and Ldtter A.P., Drug Development and



10

15

WO 2006/094662 PCTIEP2006/001755 3 Industrial Pharmacy, 26 (4),
403-408, (2000), who have ascertained that different production batches

wo Sdhesigmpicin (INN) made from different manufacturers difgasaR@o17s5
them because they show different polymorphous characteristics, and as a
consequence they show different profiles of 5 dissolution together with

oYU AISONOn ol TesReciie PIRRIACHBRICHRIORRIES B A tha

rys lization ying generically disclose

diffilrEhe RrRdoKs: BateRHed 10A6Re anthERRA1R1PEGNhasRe frdatingh frerent

that under some experimental conditions the poorly crystalline form of 10
manbeadtaxinindsobtaineshyhile untec atleridxgeshuentdi fenditiopsithaorphous
other crystalline polymorphous forms of the rifaximin are obtained.
chametetistick, handeen faurePieaBBMeDarhnietszy Bbsditifergmot profiles of
disclosed in the above- mentioned patents, Itiﬁz for instancg tha conditions
ve

dissglphtairvAfesthsd the Hat GO PR AN of MECIATERGN:, Rhvelife Tospective

sur ggig‘g;eff?ct to dettermlne the 15 form of the polymorph. The

p haﬁg’fymor 166is HOMRE of the rifaximin object of the present patent

appiication ware nerereRRQEbyBptheszat whisthinkinaithah a s¥lgerically

homaogenéeous product would always have been obtained whichever

disehesbadinveidd hame deem steose T Withins theShngedoFheddedciisbdt has been
conditions, 20 irrespective of the conditions used for crystallizing, dryin
fouaddpréserdigs mhasHBWr HaeRtd PRt QRe theraaer bl Aleorm of

the GG AROS I8 Gl E YRS Ant L Bovgnhe
orySJALET RIESGRLIRNG, (e pradyc e S0kl NG MG PBASEAER TN it has

formoa e form s of the rifaximin have een synthesised an

bedheyorigithe aPigshef thadaventien. Kupartiedkar e faigtbied in the above-
characterised by the residual content of water

mentioned patents, like for instance the conditions of preservation and the

relative humidity of the ambient, have the surprising effect to determine the

form of the polymorph.

The polymorphous forms of the rifaximin object of the present patent
application were never seen or hypothesized, while thinking that a sole
homogeneous product would always have been obtained whichever method
would have been chosen within the range of the described conditions,
irrespective of the conditions used for crystallizing, drying and preserving.

It has now been found that the formation of the & and ¢ forms depends
on the presence of water within the crystallization solvent, on the temperature
at which the product is crystallized and on the amount of water present into
the product at the end of the drying phase.

The form & and the form ¢ of the rifaximin have then been synthesised
and they are the object of the invention.

In particular the form & is characterised by the residual content of water

in the dried solid material in the range from 2.5% and 6% (w/w), more



10

15

20

in the dried solid material in the range from 2.5% and 6% (w/w), more WO
2006/094662 PCT/EP2006/001755 4 preferably from 3% and 4.5%, while

Woth()e f%rg} E is the result of a polymorphic transition under control/led 61001755
tzér%%egra?{&re moving from the form 6, These results have a réMmAPRA °

importance as they determine the corftiitions of industrial manufacturing

of some steps of working which could 5 not be considered critical for the
preferabhinétion Sftherpblhbrphidi othepfoduct likélferriesilineé ahgolymorphic

maintaining to a crystallized product a quantity of water in a stringent

trapgiton gt s oAl ¢ JeERR BRENH P PE R Y dhed % kich a
f ly form 6, has to be obtai dor t tinuing,the drying t
T o e B R R L A Tt e aie the
coRaihe chYRGRHRES Phing CRNAIRRI JnowRIGH the PRAYELIR RiGEEIVER N could

Rifaximin exerts its broad antibacterial activity in the gastrointestinal tract

noadainsiesalized gastioitefiinghbadtasamihas iause intaetipus diesthassm of a
including anaerobic strains. It has been reported that rifaximin is

predaciclekieddn Srsyaa e ghigibna syiaenng doserptivitatiead psahirhicauantity
and physical characteristics (Descombe J.J. et al. Pharmacokinetic study

of Pia&KirHin reFEENE IRt At orRi Abathy hSIUMREFSS |y e the final

Pharmacol. Res., 14 (2). 51-56. (1994)) Now.weg have found it is .
P e e SR w8 20 pobor i Tordig . prior t0

coifaximiy o afaeiSIBUELPHRY SERIG adsAfRlieBn AR HYS ISRRE:R ation of

the present invention, by administering distinct polymorphous forms of
theifexdiprodmely oifakinth & aod rifaxdminf his isoptssibiei toshaehathe product is

difference in the adsorption of almost 100 folds in the range from 0.001 to
pres®gy/eal-in blood. 25 The evidenced difference in the bioavailability is

important because it can differentiate the pharmacolqgical and . .
toxﬁc&aﬁ?&?ﬂ%&%ﬁm%ﬂ ol an&bactgmal act1v19y in tge gastrointestinal

tract against localized gastrointestinal bacteria that cause infectious diarrhea
including anaerobic strains. It has been reported that rifaximin is characterized
by a negligible systemic absorption, due to its chemical and physical
characteristics (Descombe J.J. et al. Pharmacokinetic study of rifaximin after
oral administration in healthy volunteers. Int J Clin. Pharmacol. Res., 14 (2),
51-56, (1994))

Now we have found that it is possible on the basis of the two identified
polymorphic forms of rifaximin to modulate its level of systemic adsorption,
and this is part of the present invention, by administering distinct
polymorphous forms of rifaximin, namely rifaximin 6 and rifaximin €. It is
possible to have a difference in the adsorption of almost 100 folds in the range
from 0.001 to 0.3 pg/ml in blood.

The evidenced difference in the bioavailability is important because it
can differentiate the pharmacological and toxicological behaviour of the two
polymorphous of rifaximins & and €.

As a matter of fact, rifaximin € is negligibly absorbed through the oral
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polymorphous of rifaximins 5 and E. As a matter of fact, rifaximin s is
negligibly absorbed through the oral WO 2006/094662

WO z®540§5&906/001755 5 route while rifaximin S shows a milgg%%ﬂ%i(%% 1755

ImIN’s is practically not absorbed,gnight act only througha topica
action, including the case of the gastro-intestinal tract, with the advantage
of %?’Bl. low, goxicity. On the other way, rifaximin S, which is mildly

TOUlSBrBEg, 1 A s geddsabsomyamst systemic
[ ' to hide,th to.partially elude the action
ot e B B b BB SR Bl topica!
acthenthe{RAING 4@ ChJlaxmip FRaricylarsglevance s henduct xr/]a?ftage of

bacterial resistance to the 10 anfibiotics. Generally speaking, It IS always

veppdsivledritiieytherapeutic practice with antibiotics to induce bacterial
resistance to the same or to other antibiotic through selection of resistant
straif¥l [Heagther rifasimiifahisas pactidhpelrticumijdislelantrisitcecan find an
rifaximin _belongs to the rifamycin family, a member of which, the

ad gAY Yar 88715 LS b BRUGoNIEaNReIpY. Tl imrdidsnBremselves
anﬁ%rz%f{?ﬁw%mc% %%eggwogl%t{:tﬁ?c%(%?é?%@% therapy involving four

active pharmaceutical ingredients: rifam h‘?&&‘%&; ethambutol and

pyrazinaseisie aag ﬁ'@’é&*ﬂglé%ﬂ)éf@"@i@ﬁt@'%ﬁfl@ﬁ’?@'tﬁ%’?hg EI018 use of

any drug which jeopardized the efficacy of the therapy by selecting for

rifeesistancd tmrifambpicincbeoatnldae 2OHwirtul (isieebhegirall resistance to the
"Re-emergence of tuberculosis: strategies and treatment”, Expert
anthpiatividetg malbs spealein a.58- 1571 w2062 si printiplb e [dukiageat thevractice
[ n rifaximin and rifampicin, it might be possible

. | simil o
W‘ﬁ*{}rlﬁﬁ@ﬁ%@nﬁ;rﬁ%’y{@ﬁgﬁ%ggf‘éﬁ?&%ﬁ%ﬂ&r%ﬁ%@m&tamw antibiotic
thlingﬁgsagga-(gﬁs&sft@ggﬁggn@fm'cSin. In order to avoid 25 this negative

event it Is crucial to have a control of quantity of rifaximin
In case of rifaximin, this aspect is particularly relevant, since rifaximin

belongs to the rifamycin family, a member of which, the rifampicin, is largely
used in tuberculosis therapy. The current short course treatment of
tuberculosis is a combination therapy involving four active pharmaceutical
ingredients: rifampicin, isoniazid, ethambutol and pyrazinamide and among
them rifampicin plays a pivotal role. Therefore, any drug which jeopardized
the efficacy of the therapy by selecting for resistance to rifampicin would be
harmful. (Kremer L. et al. “Re-emergence of tuberculosis: strategies and
treatment”, Expert Opin.Investig.Drugs, 11 (2), 153-157, (2002)).

In principle, looking at the structural similarity between rifaximin and
rifampicin, it might be possible by using rifaximin to select resistant strains of
M.tuberculosis and to induce cross-resistance to rifampicin. In order to avoid
this negative event it is crucial to have a control of quantity of rifaximin
systemically absorbed.

Under this point of view, the difference found in the systemic absorption

of the & and € forms of the rifaximin is significant, since also at sub-inhibitory
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systemically absorbed. Under this point of view, the difference found in the
systemic absorption of the 5 and s forms of the rifaximin is significant,

wo SHERAlSS at sub-inhibitory WO 2006/094662 PCT/EP2006/99]1“75'150556 001755
concentration of rifaximin, such as in tge range of from 0.1 to 1 g/ml )

selection of resistant mutants has beenh demonstrated to be possible
(Marchese A. et al. In vitro activity of rifaximin, metronidazole and

CORLFRIGAN R ah4h . ISR chfficife 4ha t@%e‘}ff §E‘P@éti@nlof0 1 ug/mi,
SSRGS eSS Iante o sqainst epresenyalug anaeroe gy

aeropic pbacteria, InCluaing amimonia- p

A.48(4), 333:268. (2000 6?99@@&%&%W&%Eﬁ98&%§3@ ANE @HH%IBEI@’@%P ]gainst

the present invention, “which has led to the knowledge of the existence 0

clottei dhovedifertipnest tiiexiais EOReTQRbAUS TOFmIR ANebio MAHHStant mutants
industrial routes for 10 manufacturing pure single forms having different

ag@natnistorigintipropeniss obdccleady stxohjtheberetine including ammonia-
agove-mentioned %gnd s forms can be advantageously used as pure and
pr

Hb%ﬁ@%@%rg 8?9%???&%&@%&&@0@ haR )preparation_s
containing BXimin, 15 Ap Aeady saj, e process for manutactuing .

rifaXimin fromTifamycin isclosed and ¢

wiasficient from theipeintRfwiewR! e purification apdidentf i%%mtoxér%%ioned

product obtained; it shows some limits also from the synthetic poin

rifaiew as regdsdspfphinstanéesriie veny long reaetiomstimad Remalodouids for
hours, very little suitable for an industrial 20 use and moreover because it

I agiEs HYE Bre e o tigee i orm g duuctiuh G fleee it plisin osad iz thatropmyrties,

. be ziﬂmed Withg} the reaction mixture. Therefore, a further object of the
18 HHEBBAME SN improved process for the industrial manufacturing

of tﬁh%%%%?é%g@g?&g&é@% @f%}ij@gnfof%g{tgiga%%@gg&%&{gggﬁgﬁf ﬂged as pure

usable as define omogeneous active
and homogeneous products in the manufacture of medicinal preparations

containing rifaximin.

As already said, the process for manufacturing rifaximin from rifamycin
O disclosed and claimed in EP 0161534 is deficient from the point of view of
the purification and identification of the product obtained; it shows some
limits also from the synthetic point of view as regards, for instance, the very
long reaction times, from 16 to 72 hours, very little suitable for an industrial
use and moreover because it does not provide for the in situ reduction of the
rifaximin oxidized that may be formed within the reaction mixture.

Therefore, a further object of the present invention is an improved
process for the industrial manufacturing of the 6 and € forms of the rifaximin,
herein claimed as products and usable as defined and homogeneous active
principles in the manufacture of the medicinal preparations containing such
active principle.

Description of the invention

As already said, the form 6 and the form & of the antibiotic known as
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25 principles in the manufacture of the medicinal preparations containing

such active principle. Description of the invention As already said, the

form 6 and the form a of the antibiotic known as WO 2006/0 2 »
wo 5‘8%?&‘&5606/001755 7 rifaximin (INN), processes for their §é)%6&gﬁ%0nﬁ/g%ldm

the use thereof in the manufacture of’'medicinal preparations for oral or

topical route, are object of the present invention. A process object of the
rifpresdnt YENYomeorepsiseTseagiing 9re dneiand SdivalenNtQf HIRMMGINL the

0 with an excess of 2-amino-4-methylpyridine, preferably from 2.0 to 3.5
mansfactygivaientsdininsaveptraixture foaderef ovatepiaad ethytatoahobiject of

volumetric ratios between 1:1 and 2:1, for a period of time between 2 and
themMssrOhiav@Hissrature between 40C and 60C. At the end of the reaction

ther ac%ion mas§.is O??‘.g to roomtlo temlé)erature and is added with a |
solutioR Of A82oBIC Aeilf iH'S RfiXETFE of WWABP L FRESHS I SHG MR Bl motar

¢
C acl

eqPnpRATalRd %?ﬁf?mﬁri@%ﬁw%?f %%sStgfi n@%Aﬁl?é%%z&reec%&’fgﬁﬁridine,

the small amount of oxidized rifaximin th rms during the reactio

préifiaty nefpiiishoyghs © abgut 28wy means ohaa fushemadditianf made of
concentrated aqueous solution of hydrochloric acid, in 15 order to better

wasmend ttid ek etsshufl 2mimitomstmethytpysidieeresed inltha dréattidor Bheeriod
suspension is filtered and the obtained solid is washed Withothe same_
of {yRRMETEREReARRE IR G I IBRGTA NG fReltienn $0CKk st 60°C.

finist&e roduchis cgllﬁd "raw rifaximjn". The raw rifaximin can be direct

d |
subiftedto A subsegient St Bt It pdrfcksoh, RitgindtersORle séoy room
tedOPGHMES Qhargsenvriion f ihe,SeBYuflBisheH RERAVGE Qe eXPRC R g ure of

raw rifaximin can be dried under vacuum at a temperature lower than 65C
wdtera gydd kit hetvieen iand 24dintise dsHosem dinishetipragdst strong

is called "dried raw rifaximin".

stirring, in order to reduce the small amount of oxidized rifaximin that forms
during the reaction and finally the pH is brought to about 2.0 by means of a
further addition of concentrated aqueous solution of hydrochloric acid, in
order to better remove the excess of 2-amino-4-methylpyridine used in the
reaction. The suspension is filtered and the obtained solid is washed with the
same solvent mixture water/ethyl alcohol used in the reaction. Such semi
finished product is called “raw rifaximin”.

The raw rifaximin can be directly submitted to the subsequent step of
purification. Alternately, in case long times of preservation of the semi
finished product are expected, the raw rifaximin can be dried under vacuum at
a temperature lower than 65°C for a period of time between 6 and 24 hours,
such semi finished product is called “dried raw rifaximin”.

The so obtained raw rifaximin and/or dried raw rifaximin are purified
by dissolving them in ethyl alcohol at a temperature between 45°C and 65°C
and by crystallizing them by addition of water, preferably in weight amounts

between 15% and 70% in respect of the amount by weight of the ethyl alcohol

used for the dissolution, and by keeping the obtained suspension at a
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The so obtained raw rifaximin and/or dried raw rifaximin are purified 25 by
dissolving them in ethyl alcohol at a temperature between 45C and 65C

WO an(g b %letallizing them by addition of water, preferably in ng hi[’ 06001755
A8 between 15% and 70% in respect of the amount k}i/ elgﬁ)[ go175s
the ethyl alcohol used for the dissolution, and by keeping the obtained
suspension at a WO 2006/094662 PCT/EP2006/001755 8 temperature

termriwear 30Eveach0CONtenstirtng dutide-aspifindottimegbetyedod afidtime
36 hours. The suspension is filtered and the obtained solid is washed with

betwatar 4aariddsfedrontfer vacuum or under normal pressure, with or without

a drying 5 agent, at a temperature between the room temperature and
1058 foF BSPERSHP b Afird BEtEaH Th DS T BLMTETRATIR Water

ancfh(?ms ‘?ndnaéorms depends on,the condltgons chosen f(%ttg)% itho

crysFa lization. 1A CE)%‘% |cucf5r}lfhdeerconrﬁf)%1$% idh ot the solvent hixture Sflrto?ﬁ drying

aeclileh RAVSIAHERAIORLS carTiar ouo A dAMRRIRME A RN 18k0s period

reaction mixture is kept after the crystallization and the period of time at
of sithich ehatteniparadure isckapt, have proven to be critical. More precisely,
the o and a rifaximins are obtained when the temperature is first brought
to aluchistieeasd dhe 320drEoraenfodeagad tvmnbbgintng bptechosen

crystallization, then the suspensjon is brought to a 15 temperatur )
forpdyvesrs %?ﬁb"@@(f%@d‘%‘ﬂ%iéf :th‘ilé%ﬂa%"r‘%tb%‘?idg] m%smé@wme

frogr%a%%lzcgl ht%%rscéi@%lﬁ%a%sfelgsé%%?eﬂui&‘ﬂ%’ ?88"%9@%%%%{1@ v“?fgk?ﬁ&h the

time between minutes and one hour, 1s filtered, t

reaMiiBvatermnd thendsdrge Thestgr ahining Has,aa ImROBaMRIG Ntime at
obtaining the 6 and s 20 polymorphous forms of the rifaximin and has to
whibehahetkechbymneans okapsuitaitermetieadtiit ber ¢hieiveater dosage, like

for instance the Karl Fisher method, in order to check the amount of

remilRity WEteigidserdbimn the and € rifaximins are obtained when the
temperature is first brought to a value between 28°C and 32°C in order to
cause the beginning of the crystallization, then the suspension is brought to a
temperature between 40°C and 50°C and kept at this value for a period of time
‘between 6 and 24 hours, then the suspension is quickly cooled to 0°C, in a

period of time between 15 minutes and one hour, is filtered, the solid is
washed with water and then is dried.

The step of drying has an important part in obtaining the 6 and €
polymorphous forms of the rifaximin and has to be checked by means of a
suitable method fit for the water dosage, like for instance the Karl Fisher
method, in ofder to check the amount of remaining water present in the
product under drying.

The obtaining of the rifaximin 6 during the drying in fact depends on
the end remaining amount of water which should be comprised from 2.5%
(w/w) and 6% (w/w), more preferably between 3% and 4.5%, and not from the
experimental conditions of pressure and temperature at which this critical

limit of water percent is achieved.
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product under drying. The obtaining of the rifaximin 8 during the drying in

fact depends on 25 the end remaining amount of water which should be

comprised from 2.5% (w/w) and 6% (w/w), more preferably between 3%
wo ?R@%ﬁgg, and not from the experimental conditions of prespsﬂ?éEgﬁ%’ 6/001753

temperature at which this critical limiPof water percent is achieved. WO

2006/094662 PCT/EP2006/001755 9 In order to obtain the poorly

addarlveder fornoitthas thestaobiiynatheo b édrm foanitibds sotbestontiivoad the &

the drying under vacuum or at atmospheric pressure, at room
for%mp@?&tﬂ}@sowammmtmés, FYIRE predenceor il the abséptespheric

dryi t ided that the drying is prolonged for the 5 i .
D gaciny QO A KB Tor i O LS REHbER BRI R TaneRss o o

therrifaximi or, iC, i r I . e]
ey S i e o P ael g the

timBUBiditydnythe amhient 206 psessoiscePiibienc fangformation to other

forms. 10 The transitions from one form to another result to be very

impBrtntthe thesanbit efithe infahton] facmiseateyygrobeanic, they absorb

alternative manufacturing method for obtaining the form desired for the
Walsiodiictbri6Y HEIRIEi%Ra BrEbaRatidls. isretBrdhelifseass 1k suitable

corfligus odym the ifemn 2o, Amin s n ayald indysial ganneris o
mpor%an?%eﬁf O% t]ﬁe inventlonmig e proces%r%ko)n&rr?i%g t?ﬁe P

tratiansiormation ihs Hfaxdmin Sinto rifaximin s comprises drying the

rifaximin 6 under vacuum or at atmospheric pressure, at room

tempReatsa Atiahkighoempar diores ti dhe resesnnd oidrbdhecapsenseraint in
drying agents, and keeping it for a period of time until the conversion is

theobteined f ubgallyvsetivern B=aadssethepirsaa0berem sltrmabiovesaiy facturing
results that during the phase of preservation of the product a particular

methed H24 Btieiish Qe el @ntiforsgiction of the medicinal

preparations. Therefore, the process that allows to turn the rifaximin & into
rifaximin ¢ in a valid industrial manner is important part of the invention.

The process concerning the transformation of the rifaximin 6 into
rifaximin € comprises drying the rifaximin 6 under vacuum or at atmospheric
pressure, at room temperature or at high temperatures, in the presence or in
the absence of drying agents, and keeping it for a period of time until the
conversion is obtained, usually between 6 and 36 hours.

From what above said, it results that during the phase of preservation of
the product a particular care has to be taken so that the ambient conditions do
not change the water content of the product, by preserving the product in
ambient having controlled humidity or in closed containers that do not allow
in a significant way the exchange of water with the exterior ambient.

The polymorph called rifaximin & is characterised from a content of
water in the range between 2.5% and 6%, preferably between 3.0% and 4.5%
and from a powder X-ray diffractogram (reported in figure 1) which shows

peaks at the values of the diffraction angles 26 of 5.7°%0.2, 6.7°+0.2,
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not change the water content of the product, by preserving the product in

ambient having controlled humidity or in closed containers that do not

allow in a significant way the exchange of water with the exterior ambient,
WO 205 8Iymorph called rifaximin 6 is characterised from a CONtENt Of 0/~

water in the range between 2.5% and %, preferably between 3.0% and

4.5% and from a powder X-ray diffractogram (reported in figure 1) which
7.1%h0Vis Be@Eks(anihe ValueSof eddifitatton Guigle8.20 dfl53P00226. 1D 1P+0.2,

WO 2006/094662 PCT/EP2006/007755 10 7.10.2, 8.00.2, 8.70.2,
17.06:4.2.2,718°80.2, 11739°2012. 18 £ °+9.60.2 818362, 1tP502048.53.4)°=0.2,

18.8-0.2,19.10.2, 21.000.2, 21.50.2. Th I h called rifaximin a i

21 G tcro RO LA BB et S PR i BB A A 2 Bovwaer

~ which shows peaks at the value t iffracti ;

R S S R 2 5, VS S e g ¥ s of

thel@i8PR1bh 221800 & 71840 2 The diffractggrams hayerbegrncamisd+0.2,
out by means of the Philips X'Pert instrument endowed with

11 BraggaBrehtane(gepneuy-ahd pihdes the . 10 Folptming2wakintrcbaditidis’+0.2,

X-Oray tube: Copper Radiation used: K (al), K (a2) Tension and current of
19 the-§eherator: KV 40, mA 40 Monocromator: Graphite 15 Step size: 0.02

T D SR g LA R e R 0 i
PR BRSNS s DU A e
following working conditions:

X-ray tube: Copper

Radiation used: K (al), K (a2)

Tension and current of the generator: KV 40, mA 40

Monocromator: Graphite

Step size: 0.02

Time per step: 1.25 seconds

Starting and final angular 26 value: 3.0°+30.0°

The evaluation of the content of water present in the analysed samples
has always been carried out by means of the Karl Fisher method.

Rifaximin & and rifaximin ¢ differ each from other also because they
show significant differences as regards bioavailability.

A bioavailability study of the two polymorphs has been carried out on
Beagle female dogs, treated them by oral route with a dose of 100 mg/kg in
capsule 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.

The plasma has been assayed for rifaximin on the validated LC-MS/MS
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show significant differences as regards bioavailability. A bioavailability
study of the two polymorphs has been carried out on Beagle female dogs,

WO g&gf\%y&em by oral route with a dose of 100 mg/kg in capzsgyéer /% (z)r})% /6)6"1.755

e polymorphs, collecting blood samples from the jugular 25 vein 0t eac
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

methashanbytize myiftigation obiserpled m tabas heercessaysohf§Crfzximitherime to
the validated LC-MS/MS WO 2006/094662 PCT/EP2006/001755 11
reagiuHi Sitidhel FirhuAl 8o detvaEERI MR L dhEe ARaREAtIEHRX) - thee curve

( A{m? 10& %h the X (Hnax), and the area under the concentration
-time curve f Hadebeen calculated. The experimental data reported

in theyfollowing learl ifaximin ¢ is, igibly ,

absorbef%hn%%#%ggig bsgﬁiéﬁﬁgiﬁ@%‘%&%ﬁ’ gl?os"h%%n show

thacorifatsedringhis rasgs effrpmBs diect.0 wein. rifakiediRharmaspkingtd at a
parameters for rifaximin polimorphs following single oral administration of

valpgq gy Dy cHpS ulednd Fenralpriisgh in0titnTax Fe Tofidxomty CO-24 1 iy fog/m].
It ng.h/ml Mean Mean Mean Polimorph S 308.31 2 801 Polimorph s 6.86
4 421 Phdeabove experimental results further point out the differences

exisf mong the two rifaximin polymorphs. The forms § and s .ca \
e A R DALl in
sin@PURIPHE G BisEPRERH NS Y B/ by capsules to female dogs

Cmax Tmax - AUCO-24

ng/ml h ng.h/ml

Mean Mean Mean
Polimorph o 308.31 2 801
Polimorph € 6.86 4 42

The above experimental results further point out the differences existing
among the two rifaximin polymorphs.

The forms & and & 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 contain the
rifaximin 6 and € together with the usual excipients as diluting agents like
mannitol, lactose and sorbitol; binding agents like starchs, gelatines, sugars,
cellulose derivatives, natural gums and polyvinylpyrrolidone; lubricating
agents like talc, stearates, hydrogenated vegetable oils, polyethylenglycol and
colloidal silicon dioxide; disintegrating agents like starchs, celluloses,
alginates, gums and reticulated polymers; colouring, flavouring and
sweetening agents.

All the solid preparations administrable by oral route can be used in the

ambit of the present invention, for instance coated and uncoated tablets,
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15 both oral and topical use. The medicinal preparations for oral use
contain the rifaximin 6 and s together with the usual excipients as diluting

WO 919)%%3&!;'&9 mannitol, lactose and sorbitol; binding agents "'iecﬁﬁfﬁlﬂ%/oonss

gelatines, sugars, cellulose derivative{s7 natural gums and
polyvinylpyrrolidone; lubricating agents like talc, stearates, hydrogenated
table aqils, polyethylenglycol and 20 colloidal silicon dioxide;

capsif egiatiy absAt madshichgdalineses catgpratad il dagenges, wafer

reticulated polymers:; colourin ftlvouri and sweetening agents. All the
Sh%%%lsd B?ef}oeatgaﬁ}c{)ﬁsp %Vr%lenrisstl atgféea %/dopglc etﬁse can be used in the ambit of

the [ ' A | .
2000 00405 I ZBODO L 20 13 EApLISS e o Shrc g & end <

to gefatiney sligdrecoaiadl pillsipzendele walete Shegts apelietsanet poWdersnoline
in sealed packets. The medicinal preparations for topical use contain the
anffastgniiadizng shogethesiranttie usletlextipisnts ke wiyite hetrotbtum, lauryl
hite wax, lanoline 5 af?d derivatives thereof, stearylic alcohol,

SU GRSy It§icol OS o HRSm ATy | RNFAE Y thels 8t tidaalg s olyskstngierige fatty
po‘l'fj(‘é)ng?éﬁn oRleLs of the, fa“é‘o%ﬁ'

%’eglxyemglr?gsetaé:rig?é SO% itacrér ] ostearate
stéarate, glycery’monaostearate, propyFene glycat ongsteé?gt%, rate,

prophetylensyglyrols, mettydgealidlose, oy ethypropy celllegeiceliulose,

sodium cafboxymethylcellulose, colloidal 10 aluminitin and magnesium

hysiticaten stjipr@ginatéublithe tapl¢dahpreparbtianseahiediseidir thecolloidal
ambit of the present invention, for instance the ointments, the pomades,

al yei Bieanandhe s sian thdi fstons oTtheninekgitiaiicis herein below
illustrated from spome examples that do 15 not h@\(e to be taken as a

limitation BEHERA RS RPAGH WS aCaBsEbEaC e b FABO&ViREHIhATesent
o SRR T e BB PR, ek an
the lotions.

The invention is herein below illustrated from some examples that do
not have to be taken as a limitation of the invention: from what described
results in fact evident that the forms & and € can be obtained by suitably
combining between them the above mentioned conditions of crystallization
and drying.

Example 1

Preparation of raw rifaximin and of dried raw rifaximin

In a three-necked flask equipped with mechanic stirrer, thermometer |
and reflux condenser, 120 ml of demineralised water, 96 ml of ethyl alcohol,
63.5 g of rifamycin O and 27.2 g of 2-amino-4—methy1pyridine are loaded in
succession at room temperature. After the loading, the mass is heated at
47£3°C, is 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,
made of 9 ml of demineralised water, 12.6 ml of ethyl alcohol, 1.68 g of

ascorbic acid and 9.28 g of aqueous concentrated hydrochloric acid. At the
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and drying. Example 1 20 Preparation of raw rifaximin and of dried raw
rifaximin In a three-necked flask equipped with mechanic stirrer,
thermometer and reflux condenser, 120 ml of demineralised water, 96 ml
WO PV ohol, 63.5 g of rifamycin 0 and 27.2 g of PCT/EP2006/001755
2-amino-4-methylpyridine are loaded 1@ succession at room temperature.
After the loading, the mass is heated at 25 473C, is kept under stirring at
endhisflefipesatliteoior Skoutasthen iscgooledder 20ir3la @ntbrddinendbutes at an
minutes, is added with a mixture, prepared separately, made of 9 ml of
intgeemnemized weteo 206 M Cofehyilztoors) the8agnsf tastpebidesid and g of
9.28 g of aqueous _concentrated hydrochlagric acid. At the WO
OB DETPIB G50 SET BPERCDE BHRHLFR Plss is

kept under stirring for 30, minutesat an _interior temperature of 203G and
AN Eh]e and 0F {Be a%@clon SC}}S éngf\;scls Vet ‘%{éeﬁ fﬁg%lﬁxl%ﬁ&wags at an

then, at the same temperature,’7. oncentra Cc acl

int@FfodriRRRP At R PELBANAbIO 84 Alitie sd.of ife addifion the g}géﬁjﬁm is

kept under stirring, always at an 5 interior temperature equal to 2 for

filRQedinuié swiydrre dhepraeipiatefis filkdredranthwdshegd3dy meafisdehaineralised
mixture made of 32 ml of demineralised water and of 25 ml of ethyl

wadigohinfl The Sardmaiatytralecii@tintiiie(80.2fpinedriod wndéevipinim(&P.2 g)
. room temperature for 12 hours obtaining 64.4 g of "dried raw rifaximin’

s i SRS HAARER rRGREBAGBIRGBUOR T PoBOREL O By OHH4 4 & of
w1 Ghryi ikt ' : r rifaxsimi
SRR RS2 LA, T procuc

bylorthenRePaRhousder W AehafAGIBRZedEORm & BRWEEr 6¢Tays of dried raw
diffractogram sﬁowmg peaks at values of angles 20 of 5.7-0.2, 6.7-0.2,

rifddi0id, sy 847-0%t20.4xhRerti0. &dua] 1103-8.2%d42. Wi @sel 5diffractogram
17.0-0.2, 17.3-0.2, 17.5-0.2, 18.5-0.2, 18.8-0.2, 19.1=0.2, 21.0-0.2,
coprespoRiTiHe froduebimpyphestopirm & characterized from a powder X-ray

diffractogram showing peaks at values of angles 26 of 5.7°+0.2, 6.7°%0.2,
7.1°£0.2, 8.0°%:0.2, 8.7°%0.2, 10.4°%0.2, 10.8°%0.2, 11.3°%0.2, 12.1°%+0.2,
17.0°+0.2, 17.3°£0.2, 17.5°+0.2, 18.5°£0.2, 18.8°£0.2, 19.1°£0.2, 21.0°%0.2,
21.5°£0.2. The product is hygroscopic.

Example 2

Preparation of rifaximin €

Example 1 is repeated and after having obtained the 6 form, the solid
powder is further dried under vacuum for 24 hours at the temperature of 65°C.
The product obtained is rifaximin ¢ characterized from a powder X-ray
diffractogram showing peaks at values of angles 26 of 7.0°%0.2, 7.3°+0.2,
8.2°+0.2, 8.7°£0.2, 10.3°£0.2, 11.1°%0.2, 11.7°%0.2, 12.4°+0.2, 14.5°%0.2,
16.3°+0.2, 17.2°+0.2, 18.0°£0.2, 19.4°£0.2.

Example 3

Bicavailability in dogs bv oral route

Eight pure-bred Beagle females dogs having 20 weeks of age and

weighing between 5.0 and 7.5 kg have been divided into two groups of four.



10

15

Example 2 Preparation of rifaximin s Example 1 is repeated and after

having obtained the 8 form, the solid 20 powder is further dried under

vacuum for 24 hours at the temperature of 65C. The product obtained is
WO 20469 characterized from a powder X-ray diffractogramfShgiirgpe/00175s

peaks at values of angles 20 of 7.0-0.247.3-0.2, 8.2i0.2, 8.7-0.2, 10.3-0.2,

11.1-0.2, 11.7-0.2, 12.40.2, 14.5-0.2, 16.3-0.2, 17.2-0.2, 18.0-0.2,

19.410:2. AbsExanipie S Bioayaiabibyén dedisby aralroueEai 6, the second

pure-bred Beagle females dogs having 20 weeks of age and weighing
witletafeeniBio aret7¢6dig havebedol borded ipto ¢tadugeoups of four. WO

2006/094662 PCTLE,P2006/001755 14 The first of these group has been

treatell GAFFREHRRYS, e acoRtNIRIaTeHSuniescaet ordig 1@ fhee/ke of one

of B S e o S T b S TGIERS 78 St edieet 2 m1
I he j
eaa%wg%éém'srﬁé&éﬁréﬁ% A BIPEET & %ﬁ%@rg%ﬁﬁﬁ%%m each

vein of each animal before eac ensing an hours

disftersihe aghministalion . dedch sample hasPesn {mnsfesiestiate a tube
containing heparin as anticoagulant and has been centrifuged; the

plashiechas dseptedividetidoto tran kigueds iptchhof oo 4bnamdias heparin as
frozen at -20C. 10 The rifaximin contained in the plasma has been

MHeARAY HRARSBIDRE valiatSed:NIsIME Methbesdberthe Toildovrig o two
RIS e popad
E?ngﬁ:g ?é%%%%{ﬁ%ﬂgiﬁ‘e@% RIS DR hra HREO 5-UME s%%ﬁ'%@ B ans of the

validated LC-MS/MS method and the following parameters have been
calculated according to standard non-compartmental analysis:

Cmax = maximum observed plasma concentration of rifaximin in the
plasma;

Tmax = time at which the Cmax is reached;

AUC = area under the concentration-time curve calculated through the
linear trapezoidal rule.

The results reported in the table 1 clearly show how the rifaximin & is

much more absorbed, more than 40 times, in respect of rifaximin €, which is

practically not absorbed.
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AUC = area under the concentration-time curve calculated through the
linear trapezoidal rule. The results reported in the table 1 clearly show  MCSLLP
how the rifaximin 6 is much more absorbed, more than 40 times, in

WO A6 rifaximin s, which is 20 practically not absorbed. MMEBEPPOHPE 7SS
2006/094662 PCT/EP2006/001755 15 TLAIMS 1. Polymorph of the
Ccandipmtie rifaximin called rifaximin 8 characterized from a water content in
“the range from 2.5% (w/w) to 6% (w/w), preferably 5 comprised between
3.0% and 4.5%, and from a powder X-ray diffractogram showing peaks at
values of the diffraction angles 20 of 5.70.2, 6.70.2, 7.10.2, 8.0-0.2,

1 8-70-?0%&(@1&8@1& AiB0Ricl 2180 it 958 rfkt i %S Lhaléerized

18.50.2,718.80.2, 19.10.2, 21.00.2, 21.5-0.2. 10 2. Polymorph of the
frantibiotia 1éiaxiviitealied e tnires febaraztetizady oM@ powWdervayreferably
diffractogram showing peaks at values of the diffraction angles 20 of
camezed hapweend.08. 709 415780 20d 1fn@np a 1ioveder £E-a@y2diffractogram
14.50.2, 16.30.2, 17.2=0.2, 8'Ooé§f 9.40.2. 3. Process for the

0.2 .
ShrBABeBRATIRE YAk Siatisg BRI that A5 & matdr2s 6.7°+0.2,

7lclen g Asgorceg ihan e 2R 15102,

1 ixtupermagesofyateriansoethyl ajgpRokin yolymgtriqyratiospbetwgen bifl o=0.2,
and 2:1 for a period of time between 2 and 8 hours at a temperature

2 béitnern.40C and 60C, the reaction mass is treated at room temperature
with a solution of 20 ascorbic acid in a mixture of water, ethyl alcohol and
2 concéntErearaguesud enpatdust acralay i mna reabissh asdminroughtgrterized

frgl% ngggév%%%rd eCﬁ% ’rea%%ié?gn? %%%%fn%oglalgzii?(g %]; %q{loe%hg%rit%g%?ffraction
angles 26 of 7.0°+0.2, 7.3°+0.2, 8.2°+0.2, 8.7°+0.2, 10.3°%0.2, 11.1°%0.2,
11.7°£0.2, 12.4°%0.2, 14.5°%0.2, 16.3°£0.2, 17.2°+0.2, 18.0°+0.2, 19.4°x0.2.

3. Process for the production of the rifaximins ¢ and &, characterized in that
a molar equivalent of rifamycin O is reacted with an excess of 2-amino-4-
methylpyridine, preferably from 2.0 to 3.5 molar equivalents, in a solvent
mixture made of water and ethyl alcohol in volumetric ratios between 1:1 and
2:1 for a period of time between 2 and 8 hours at a temperature between 40°C
and 60°C, the reaction mass is treated at room temperature with a solution of
ascorbic acid in a mixture of water, ethyl alcohol and concentrated aqueous
hydrochloric acid, the reaction mass is brought to pH 2.0 by means of
concentrated aqueous solution of hydrochloric acid, the suspension is filtered,
the solid obtained is washed with the same water/ethyl alcohol solvent mixture
used in the reaction, the raw rifaximin so obtained is purified by dissolving it in
ethyl alcohol at a temperature between 45°C and 65°C, by causing the
precipitation by addition of water, preferably in weight amounts between 15%

and 70% in respect of the weight amount of ethyl alcohol used for the

dissolution, by lowering the temperature of the suspension at values between
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the solid obtained is washed with the same water/ethyl alcohol solvent

mixture used in the reaction, the raw rifaximin so obtained is purified by MCSLLP

dissolving it in 25 ethyl alcohol at a temperature between 45C and 65C, by

wo %(g}ﬂ/sol%é(\%e precipitation by addition of water, preferably in Rfelghg2006/001755
amounts between 15% and 70% in ré@pect of the weight amount of ethyl
alcohol used for the dissolution, by lowering the temperature of the

50%ugpsheidn andatusidrbisgéenaesiodro Nmeanse9edseRand 36 hours, lastly
PCT/EP2006/001755 16 50C and QC under stirring for g}geriod of time
by SHRFEBE A 5P HSHHRILI RN By iR iMG ik rstispdRsiay BiPRAsHIkg and by
ith water the obtained solid and by. drying jt under vacuum or under .
o Rl R R R B e or withows

a dBMNSIRILFR, baWe e B IR BRIRILES, 2Rb DI iRt R PEfIRA Ah5HRe for o

between 2 and 72 hours. 4. Process according to claim 3 for the
pempoddulCtioneds etfarcieni2 &inch@2alsterized in that after the addition of water to

the ethanol solution of the raw rifaximin the temperature is loweredtoa
4. valJ& pesieencecding 32C Mabried tofeausbahetndisting opftheifaximin &

crystallization, btained ian 10 is kept bet 40C and
o e R SR B TR S ot e
R G ST L

ordénticacyater genientimihe rehdeciroms2adbie iy, tthe % wivihinéfaiapbhsion
comprised between 3.0% and 4.5%. 15 5. Process according to claim 3

is fepthecpromhctdlf Of aifakirii{s uchibmastarized Hyrdayng iifdxainBaibdeween 6
vacuum or at atmaspheric pressure, at room temperature or at hi

andepipBratiiesfithk Br %é:oi.nirﬁtrp@aséeﬁéetlmedRﬁﬁ@%@%&é%inuws and
s KR SRR e

caR{EPYRIOR Al medigioal BIRRAIBYPI8I Yange from 2.5% (wW/w) to 6% (w/w),

preferably comprised between 3.0% and 4.5%.

5. Process according to claim 3 for the production of rifaximin €

characterized by drying rifaximin & under vacuum or at atmospheric pressure,

at room temperature or at high temperatures, in the presence or in the absence
of drying agents, provided that the drying is prolonged for the tirhe necessary

so that the conversion in form € is achieved.

6. Use of the rifaximin 8 in the preparation of medicinal preparations for

oral use with antibiotic activity together with the usual excipients like

diluting, binding, lubricating, disintegrating, colouring, flavouring and

sweetening agents.

7. Use of the rifaximin € in the preparation of medicinal preparations for

oral use with antibiotic activity together with the usual excipients like

diluting, binding, lubricating, disintegrating, colouring, flavouring and

sweetening agents.

8. Use according to each of claims 6 and 7 characterized in that the



oral use with antibiotic activity together with the usual excipients like
diluting, binding, lubricating, disintegrating, colouring, flavouring and
sweetening agents. 7. Use of the rifaximin e in the preparation of
medicinal preparations for 25 oral use with antibiotic activity together with
the usual excipients like diluting, bindih@, lubricating, disintegrating,
colouring, flavouring and sweetening agents. 8. Use according to each of
oleparst®anth7 cwhhracterdzettiteth&bthehvl CBitddParkl7uprepsrdtdnstfotherbird and
| f h -Hpcpat t t

L R R e SRR e
aheé thelfsts darsdnregdohvermiesin sealed packet. 9. Use of the rifaximin S in
gne prapauafaR ol aRisel 'Y BN, ANUPIGNE P BERRtIAD iR Rbiotic
the rifaximin s in the preparation of a topical formulation with antibiotic

5 agtiy. 11. Use according to each of claims 9 and 10 characterized in that

foe preparatians qfakiopical H?ﬁ@ﬁ?e?%lﬁﬁ@gJf%%ﬂ?@aﬂ%%ﬁ&%ﬁ'\?ﬁh antibiotic

MCSLLP

pomades, the creams, the gels and 10 the lotions.
activity.
11.  Use according to each of claims 9 and 10 characterized in that the preparations

for topical use are selected from the ointments, the pomades, the creams, the gels and

10  the lotions.



