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(57) ABSTRACT 

The present invention relates to new rifaximin forms com 
prising Solid dispersions of rifaximin, methods of making 
same and to their use in medicinal preparations and therapeu 
tic methods. 

Chemical Structure of Rifaximin 
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Figure 1. Chemical structure of Rifaximin 
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Figure 2. Overlay of XRPD patterns for Rifaximin/PVP K-90 dispersions obtained from 
methanol by Spray drying. 

Top to bottom:25:75 (w/w) Rifaximin/PVP K-90 
50:75 (w?w) Rifaximin/PVP K-90 
75:25 (w/w) Rifaximin/PVP K-90 
Crystalline Rifaximinas-received 
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Figure 3. mDSC thermogram for 25:75 (w/w) Rifaximin/PVP K-90 dispersion obtained 
from methanol by spray drying 

Sample: rifaximin 
Size: 3.9200 m DSC 
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Figure 4. mDSC thermogram for 50:50 (w/w) Rifaximin/PVP K-90 dispersion obtained 
from methanol by spray drying 

Sample: rifaximin 
Size: 1.8400 mg DSC 
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Figure 5. mDSC thermogram for 75:25 (w/w) Rifaximin/PVP K-90 dispersion obtained 
from methanol by spray drying 

Sample: rifaximin 
Size: 2,3300 mg DSC 
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Figure 6. Overlay of mDSC thermogram for Rifaximin/PVP K-90 dispersions obtained 
from methanol by Spray drying. 

Top to bottom:25:75 (w/w) Rifaximin/PVP K-90 
50:75 (w/w) Rifaximin/PVP K-90 
75:25 (w/w) Rifaximin/PVP K-90 
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Figure 7. Overlay of XRPD patterns for Rifaximin/HPMC-P dispersions obtained from 
methanol by Spray drying. 

Top to bottom:25:75 (w/w) Rifaximin/HPMC-P 
50:75 (w/w) Rifaximin/HPMC-P 
75:25 (w/w) Rifaximin/HPMC-P 
Crystalline Rifaximinas-received 
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Figure 8. mDSC thermogram for 25:75 (w/w) Rifaximin/HPMC-P dispersion obtained 
from methanol by spray drying 

Sample: rifaximin 
Size: 2,0700 mg DSC 
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Figure9. mDSC thermogram for 50:50 (w/w) Rifaximin/HPMC-P dispersion obtained 
from methanol by spray drying 

Sample: rifaximin 
Size: 2,1200 mg DSC 
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Figure 10. mDSC thermogram for 75:25 (w/w) Rifaximin/HPMC-P dispersion obtained 
from methanol by spray drying 

Sample: rifaximin 
Size: 19800 mg DSC 
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Figure 11. Overlay of mDSC thermogram for Rifaximin/HPMC-P dispersions obtained 
from methanol by spray drying. 

Top to bottom:25:75 (w/w) Rifaximin/HPMC-P 
50:75 (w/w) Rifaximin/HPMC-P 
75:25 (w/w) Rifaximin/HPMC-P 

0.02 

O.O. 

143.52°C 152.59C) 
0.00 0.4867J/(g “C) 

-0.01 re-cres. 16151C 

W 160.76°C(I) 
-0.02 0.3927J/(gC) 

-0.03 

-0.05 

-0.06 
-100 -50 50 OO 15 200 250 

Exo Up Temperature (-C) Universal WA-4ATA Instruments 

  



Patent Application Publication Mar. 29, 2012 Sheet 12 of 87 US 2012/0077835 A1 

Figure 12. Overlay of XRPD patterns for Rifaximin/HPMC-ASHG dispersions obtained 
from methanol by spray drying. 

Top to bottom:25:75 (w/w) Rifaximin/HPMC-ASHG 
50:75 (w/w) Rifaximin/HPMC-AS HG 
75:25 (w/w) Rifaximin/HPMC-ASHG 
Crystalline Rifaximinas-received 
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Figure 13, mDSC thermogram for 25:75 (w/w) Rifaximin/HPMC-ASHG dispersion 
obtained from methanol by Spray drying 

Sample: rifaximin 
Size: 2.0800 mg DSC 
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Figure 14. mDSC thermogram for 50:50 (wfw) Rifaximin/HPMC-ASHG dispersion 
obtained from methanol by Spray drying 

Sample: rifaximin 
Size: 2,2300 mg DSC 
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Figure 15. mDSC thermogram for 75:25 (w/w) Rifaximin/HPMC-ASHG dispersion 
obtained from methanol by spray drying 

Sample: rifaximin 
Size: 2,6800 mg DSC 
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Figure 16. Overlay of mDSC thermogram for Rifaximin/HPMC-ASHG dispersions 
obtained from methanol by spray drying. 

Top to bottom:25:75 (w/w) Rifaximin/HPMC-AS HG 
50:75 (w/w) Rifaximin/HPMC-AS HG 
75:25 (w/w) Rifaximin/HPMC-AS HG 
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Figure 17. Overlay of XRPD patterns for Rifaximin/HPMC-AS MG dispersions obtained 
from methanol by Spray drying 

Top to bottom:25:75 (w/w) Rifaximin/HPMC-AS MG 
50:75 (w/w) Rifaximin/HPMC-AS MG 
75:25 (w/w) Rifaximin/HPMC-AS MG 
Crystalline Rifaximinas-received 
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Figure 18, mDSC thermogram for 25:75 (w/w) Rifaximin/HPMC-AS MG dispersion 
obtained from methanol by spray drying 

Sample: rifaximin 
Size: 1.8900 mg DSC 
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Figure 19, mDSC thermogram for 50:50 (w/w) Rifaximin/HPMC-AS MG dispersion 
obtained from methanol by Spray drying 

Sample: rifaximin 
Size: 28300 mg DSC 
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Figure 20, mDSC thermogram for 75:25 (w/w) Rifaximin/HPMC-AS MG dispersion 
obtained from methanol by spray drying 

Sample: rifaximin 
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Figure 21. Overlay of mDSC thermogram for Rifaximin/HPMC-AS MG dispersions 
obtained from methanol by Spray drying. 

Top to bottom:25:75 (w/w) Rifaximin/HPMC-AS MG 
50:75 (w/w) Rifaximin/HPMC-AS MG 
75:25 (w/w) Rifaximin/HPMC-AS MG 
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Figure 22. Overlay of XRPD patterns for Rifaximin/Eudragit L100-55 dispersions obtained 
from methanol by spray drying. 

Top to bottom:25:75 (w/w) Rifaximin/Eudragit L100-55 
50:75 (w/w) Rifaximin/Eudragit L100-55 
75:25 (wfw) Rifaximin/Eudragit L100-55 
Crystalline Rifaximinas-received 
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Figure 23. mDSC thermogram for 25:75 (w/w) Rifaximin/Eudragit L100-55 dispersion 
obtained from methanol by spray drying 

Sample: rifaximin 
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Figure24. mDSC thermogram for 50:50 (w/w) Rifaximin/Eudragit L100-55 dispersion 
obtained from methanol by spray drying 

Sample: rifaximin 
Size: 2,0700 mg DSC 
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Figure 25. mDSC thermogram for 75:25 (wfw) Rifaximin/Eudragit L100-55 dispersion 
obtained from methanol by spray drying 

Sample: rifaximin 
Size: 1.8900 mg DSC 
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Figure 26. Overlay of mDSC thermogram for Rifaximin/Eudragit L100-55 dispersions 
obtained from methanol by spray drying 

Top to bottom:25:75 (w/w) Rifaximin/Eudragit L100-55 
50:75 (w/w) Rifaximin/Eudragit L100-55 
75:25 (w/w) Rifaximin/Eudragit L100-55 
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Figure 27. mDSC thergram for 25:75 (w/w) Rifaximin/HPMC-P dispersion stressed at 40 
C/75% RH for 7 d 
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Figure 28, mDSC thergram for 75:25 (w/w) Rifaximin/HPMC-ASHG dispersion stressed 
at 40 'C/75% RH for 7 

Sample: rifaximin 
Size: 0.9500 mg DSC 
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Figure 29, mDSC thergram for 75:25 (w/w) Rifaximin/HPMC-AS MG dispersion stressed 
at 40 °C/75% RH for 7 d 

Sample: rifaxinin 
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Figure 30, mDSC thergram for 25:75 (w/w) Rifaximin/Eudragit L100-55 dispersion 
Stressed at 40 'C/75% RH for 7 d 

Sample: rifaximin 
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Figure 31. XRPD pattern for 50:50 (w/w) Rifaximin/HPMC-AS MG dispersion 

top: 50:50 (w/w) Rifaximin/HPMC-AS MG 
bottom: Crystalline Rifaximinas-received 
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Figure 32. Modulate DSC thermograms for 50:50 (w/w) Rifaximin/HPMC-AS MG 
dispersion 

Sample: rifaximin 
Size: 2,2500 mg DSC 
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Figure 33. TG-IR analysis for 50:50 (w/w) Rifaximin/HPMC-AS MG dispersion-TGA 
data 
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Figure 34. TG-IR analysis for 50:50 (w/w) Rifaximin/HPMC-AS MG dispersion- Gram 
Schmidt plot and waterfall plot 
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Figure 35. TG-IR analysis for 50:50 (w/w) Rifaximin/HPMC-AS MG dispersion 
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Figure 36. XRPD pattern for 25:75 (w/w) Rifaximin/HPMC-P dispersion 

top: 25:75 (wfw) Rifaximin/HPMC-P 
bottom: Crystalline Rifaximinas-received 
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Figure 37. Modulate DSC thermograms for 25:75 (w/w) Rifaximin/HPMC-P dispersion 

Sample: rifaximin 
Size: 2,4700 mg DSC 
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Figure 39. TG-IR analysis for 25:75 (w/w) Rifaximin/HPMC-P dispersion- Gram-Schmidt 
plot and waterfall plot 
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Figure 40. TG-IR analysis for 25:75 (w/w) Rifaximin/HPMC-P dispersion 
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Figure 41. Overlay of pre-processed XRPD patterns in multivariate mixture analysis. 
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Figure 42. Estimated Concentrations of Rifaximin (blue) and HPMC-AS MG (red) using 
Unscrambler MCR analysis. 
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Figure 43. Estimated XRPD patterns of Rifaximin (blue) and HPMC-AS MG (red) using 
Unscrambler MCR analysis 
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Figure 44. Overlay of estimated XRPD pattern of pure rifaximin using MCR and measured 
XRPD pattern of 100% rifaximin 
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Figure 45. Overlay of estimated XRPD pattern of pure HPMC-AS MG using MCR and 
measured XRPD pattern of 100% HPMC-AS MG. 
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FORMULATIONS OF RIFAXIMIN AND USES 
THEREOF 

RELATED APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/363,609 filed 12 Jul. 2010, and 
U.S. Provisional Application No. 61/419,056, filed 2 Dec. 
2010, the entire contents of each of which are hereby incor 
porated herein by reference. 

BACKGROUND 

0002 Rifaximin (INN; see The Merck Index, XIII Ed., 
8304) is an antibiotic belonging to the rifamycin class of 
antibiotics, e.g., a pyrido-imidazo rifamycin. Rifaximin 
exerts its broad antibacterial activity, for example, in the 
gastrointestinal tract against localized gastrointestinal bacte 
ria that cause infectious diarrhea, irritable bowel syndrome, 
Small intestinal bacterial overgrowth, Crohn's disease, and 
pancreatic insufficiency among other diseases. It has been 
reported that rifaximin is characterized by a negligible sys 
temic absorption, due to its chemical and physical character 
istics (Descombe J. J. et al. Pharmacokinetic study of rifaxi 
min after oral administration in healthy volunteers. IntJ Clin 
Pharmacol Res, 14 (2), 51-56, (1994)). 
0003 Rifaximin is described in Italian Patent IT 1154655 
and EP 0161534, both of which are incorporated herein by 
reference in their entirety for all purposes. EP 0161534 dis 
closes a process for rifaximin production using rifamycin O 
as the starting material (The Merck Index, XIII Ed., 8301). 
U.S. Pat. No. 7,045,620 B1 and PCT Publication WO 2006/ 
094662 A1 disclose polymorphic forms of rifaximin. There is 
a need in the art for formulations of rifaximinto better treat 
gastrointestinal and other diseases. 

SUMMARY 

0004 Provided herein are solid dispersion forms of rifaxi 
min with a variety of polymers and polymer concentrations. 
0005. In one aspect, provided herein are forms solid dis 
persion of rifaximin. 
0006. In one embodiment, the form solid dispersion of 
rifaximin is characterized by an XRPD substantially similar 
to one or more of the XRPDs of FIGS. 2, 7, 12, 17, 22, 31, and 
36. 
0007. In one embodiment, the form solid dispersion of 
rifaximin is characterized by a Thermogram Substantially 
similar to FIGS. 3-6, 8-11, 13-16, 18-21, 23-26, 27-30, and 
32. 
0008. In one embodiment, the form has the appearance of 
a single glass transition temperature (Tg). 
0009. In one embodiment, a Tg of a form increases with an 
increased rifaximin concentration 
0010. In one embodiment, a form stressed at 70° C./75% 
RH for 1 week, Solids are still X-ray amorphous according to 
XRPD. 

0011. In one embodiment, a form stressed at 70° C./75% 
RH for 3 weeks, solids are still X-ray amorphous according to 
XRPD. 

0012. In one embodiment, a form stressed at 70° C./75% 
RH for 6 weeks, Solids are still X-ray amorphous according to 
XRPD. 

0013. In one embodiment, a form stressed at 70° C./75% 
RH for 12 weeks, Solids are still X-ray amorphous according 
to XRPD. 

Mar. 29, 2012 

0014. In one aspect, provided herein are microgranules 
comprising one or more of the Solid dispersion forms of 
rifaximin described herein. 
0015. In one embodiment, the microgranules further com 
prise a polymer. 
0016. In one embodiment, the polymer comprises one or 
more of polyvinylpyrrolidone (PVP) grade K-90, hydrox 
ypropyl methylcellulose phthalate (HPMC-P) grade 55, 
hydroxypropyl methylcellulose acetate succinate (HPMC 
AS) grades HG and MG, or a polymethacrylate (Eudragit(R) 
L100-55). 
0017. In specific embodiments, the microgranules com 
prises 25-75% polymer, 40-60% polymer, or 40-50% poly 
mer. In an exemplary embodiment, the microgranules com 
prises 42-44% polymer. 
0018. In one embodiment, the microgranules comprise 
equal amounts of rifaximin and polymer. 
0019. In another embodiment, the microgranules further 
comprising an intragranular release controlling agent. In 
exemplary embodiments, the intragranular release control 
ling agent comprises a pharmaceutically acceptable excepi 
ent, disintegrant, crosprovidone, Sodium starch glycolate, 
corn starch, microcrystalline cellulose, cellulosic derivatives, 
Sodium bicarbonate, and sodium alginate. 
0020. In one embodiment, the intragranular release con 
trolling agent comprises between about 2 wt % to about 40 wt 
% of the microgranule, about 5 wt % to about 20 wt % of the 
microgranule, or about 10 wt % of the microgranule. 
0021. In another embodiment, the intragranular release 
controlling agent comprises a pharmaceutically acceptable 
disintegrant, e.g., one selected from the group consisting of 
crosprovidone, Sodium starch glycolate, corn starch, micro 
crystalline cellulose, cellulosic derivatives, sodium bicarbon 
ate, and Sodium alginate. 
0022. In another embodiment, the microgranules further 
comprise a wetting agent or Surfactant, e.g., a non-ionic Sur 
factant. 

0023. In one embodiment, the non-ionic surfactant com 
prises between about 2 wt % to about 10 wt % of the micro 
granule, between about 4 wt % to about 8 wt % of the micro 
granule, or about 5.0 wt % of the microgranule. 
0024. In one embodiment, the non-ionic surfactant com 
prises a poloxamer, e.g., poloxamer 407 also known as Plu 
ronic F-127. 
0025. In another embodiment, the microgranules further 
comprise an antioxidant. 
0026. In exemplary embodiments, the antioxidant is buty 
lated hydroxyanisole (BHA), butylated hydroxytoluene 
(BHT) or propyl gallate (PG). 
0027. In another embodiment, the antioxidant comprises 
between about 0.1 wt % to about 3 wt % of the microgranule 
or between about 0.5 wt % to about 1 wt % of the microgran 
ule. 
0028. In another aspect, provided herein are pharmaceu 
tical compositions comprising the microgranules described 
herein. 
0029. In one embodiment, the pharmaceutical composi 
tions further comprise one or more pharmaceutically accept 
able excepients. 
0030. In one embodiment, the pharmaceutical composi 
tions are tablets or capsules. 
0031. In one embodiment, the pharmaceutical composi 
tions comprises a disintegrant. 
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0032. In one embodiment, the polymer comprises one or 
more of polyvinylpyrrolidone (PVP) grade K-90, hydrox 
ypropyl methylcellulose phthalate (HPMC-P) grade 55, 
hydroxypropyl methylcellulose acetate succinate (HPMC 
AS) grades HG and MG, or a polymethacrylate (Eudragit(R) 
L100-55). 
0033. In one aspect, provided herein are pharmaceutical 
solid dispersion formulations comprising: rifaximin, HPMC 
AS, at a rifaximin to polymer ratio of 50:50, a non-ionic, 
Surfactant polyol and a intragranular release controlling 
agent. 
0034. In one embodiment, the intragranular release con 

trolling agent comprises about 10 wt % of the formulation. 
0035. In one aspect, provided herein are processes for 
producing a solid dispersion of rifaximin comprising: making 
a slurry of methanol, rifaximin, a polymer and a Surfactant; 
spray drying the slurry; and blending the spray dried slurry 
with a intragranular release controlling agent. 
0036. In one aspect, provided herein are processes for 
producing a solid dispersion of rifaximin comprising: making 
a slurry of methanol, rifaximin, HPMC-AS MG and Pluronic 
F-127; spray drying the slurry; and blending the spray dried 
slurry with a intragranular release controlling agent. 
0037. In one embodiment, the intragranular release con 

trolling agent comprises croScarmellose Sodium. 
0038 A process for producing form solid dispersion of 
rifaximin comprising one or more of the methods listed in 
Tables 1-5. 
0039. In one embodiment, pharmaceutical compositions 
comprising SD rifaximin, a polymer, a Surfactant, and a 
release controlling agent are provided. In one embodiment, 
provided are pharmaceutical compositions comprising SD 
rifaximin, HPMC-AS, pluronic F127, and croscarmellose Na 
(CS). In one embodiment, the pharmaceutical compositions 
are tablets or pills. 
0040. In additional embodiments, the pharmaceutical 
compositions further comprise fillers, glidants or lubricants. 
0041. In specific embodiments, the pharmaceutical com 
positions comprise the ratios of components set forth in Table 
37. 

0042. Other embodiment and aspects are disclosed infra. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0043 FIG. 1. Chemical structure of Rifaximin. 
0044 FIG. 2. Overlay of XRPD patterns for Rifaximin/ 
PVP K-90 dispersions obtained from methanol by spray dry 
1ng. 
004.5 FIG. 3. mDSC thermogram for 25:75 (w/w) Rifaxi 
min/PVP K-90 dispersion obtained from methanol by spray 
drying. 
0046 FIG. 4. mDSC thermogram for 50:50 (w/w) Rifaxi 
min/PVP K-90 dispersion obtained from methanol by spray 
drying. 
0047 FIG. 5. mDSC thermogram for 75:25 (w/w) Rifaxi 
min/PVP K-90 dispersion obtained from methanol by spray 
drying. 
0048 FIG. 6. Overlay of mDSC thermogram for Rifaxi 
min/PVP K-90 dispersions obtained from methanol by spray 
drying. 
0049 FIG. 7. Overlay of XRPD patterns for Rifaximin/ 
HPMC-P dispersions obtained from methanol by spray 
drying. 
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0050 FIG.8. mDSC thermogram for 25:75 (w/w) Rifaxi 
min/HPMC-P dispersion obtained from methanol by spray 
drying. 
0051 FIG.9. mDSC thermogram for 50:50 (w/w) Rifaxi 
min/HPMC-P dispersion obtained from methanol by spray 
drying. 
0052 FIG. 10. mDSC thermogram for 75:25 (w/w) 
Rifaximin/HPMC-P dispersion obtained from methanol by 
spray drying. 
0053 FIG. 11. Overlay of mDSC thermogram for Rifaxi 
min/HPMC-P dispersions obtained from methanol by spray 
drying. 
0054 FIG. 12. Overlay of XRPD patterns for Rifaximin/ 
HPMC-ASHG dispersions obtained from methanol by spray 
drying. 
0055 FIG. 13. mDSC thermogram for 25:75 (w/w) 
Rifaximin/HPMC-AS HG dispersion obtained from metha 
nol by spray drying. 
0056 FIG. 14. mDSC thermogram for 50:50 (w/w) 
Rifaximin/HPMC-AS HG dispersion obtained from metha 
nol by spray drying. 
0057 FIG. 15. mDSC thermogram for 75:25 (w/w) 
Rifaximin/HPMC-AS HG dispersion obtained from metha 
nol by spray drying. 
0058 FIG. 16. Overlay of mDSC thermogram for Rifaxi 
min/HPMC-ASHG dispersions obtained from methanol by 
spray drying. 
0059 FIG. 17. Overlay of XRPD patterns for Rifaximin/ 
HPMC-AS MG dispersions obtained from methanol by spray 
drying. 
0060 FIG. 18. mDSC thermogram for 25:75 (w/w) 
Rifaximin/HPMC-AS MG dispersion obtained from metha 
nol by spray drying. 
0061 FIG. 19. mDSC thermogram for 50:50 (w/w) 
Rifaximin/HPMC-AS MG dispersion obtained from metha 
nol by spray drying. 
0062 FIG. 20. mDSC thermogram for 75:25 (w/w) 
Rifaximin/HPMC-AS MG dispersion obtained from metha 
nol by spray drying. 
0063 FIG. 21. Overlay of mDSC thermogram for Rifaxi 
min/HPMC-AS MG dispersions obtained from methanol by 
spray drying. 
0064 FIG. 22. Overlay of XRPD patterns for Rifaximin/ 
Eudragit L100-55 dispersions obtained from methanol by 
spray drying. 
0065 FIG. 23. mDSC thermogram for 25:75 (w/w) 
Rifaximin/Eudragit L100-55 dispersion obtained from 
methanol by spray drying. 
0066 FIG. 24. mDSC thermogram for 50:50 (w/w) 
Rifaximin/Eudragit L100-55 dispersion obtained from 
methanol by spray drying. 
0067 FIG. 25. mDSC thermogram for 75:25 (w/w) 
Rifaximin/Eudragit L100-55 dispersion obtained from 
methanol by spray drying. 
0068 FIG. 26. Overlay of mDSC thermogram for Rifaxi 
min/Eudragit L100-55 dispersions obtained from methanol 
by spray drying. 
0069 FIG. 27. mDSC thergram for 25:75 (w/w) Rifaxi 
min/HPMC-P dispersion stressed at 40°C./75% RH for 7 d. 
(0070 FIG. 28. mDSC thergram for 75:25 (w/w) Rifaxi 
min/HPMC-AS HG dispersion stressed at 40° C./75% 
RH for 7 d. 
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(0071 FIG. 29. mDSC thergram for 75:25 (w/w) Rifaxi 
min/HPMC-AS MG dispersion stressed at 40° C./75% RH 
for 7 d. 
0072 FIG. 30. mDSC thergram for 25:75 (w/w) Rifaxi 
min/Eudragit L100-55 dispersion stressed at 40°C./75% RH 
for 7 d. 
0073 FIG. 31. XRPD pattern for 50:50 (w/w) Rifaximin/ 
HPMC-AS MG dispersion. 
0074 FIG. 32. Modulate DSC thermograms for 50:50 
(w/w) Rifaximin/HPMC-AS MG dispersion. 
0075 FIG.33. TG-IR analysis for 50:50 (w/w) Rifaximin/ 
HPMC-AS MG dispersion-TGA data. 
0076 FIG.34. TG-IRanalysis for 50:50 (w/w) Rifaximin/ 
HPMC-AS MG dispersion-Gram-Schmidt plot and waterfall 
plot. 
0.077 FIG.35. TG-IR analysis for 50:50 (w/w) Rifaximin/ 
HPMC-AS MG dispersion. 
0078 FIG. 36. XRPD pattern for 25:75 (w/w) Rifaximin/ 
HPMC-P dispersion. 
0079 FIG. 37. Modulate DSC thermograms for 25:75 
(w/w) Rifaximin/HPMC-P dispersion. 
0080 FIG.38. TG-IRanalysis for 25:75 (w/w) Rifaximin/ 
HPMC-P dispersion-TGA data. 
I0081 FIG. 39. TG-IRanalysis for 25:75 (w/w) Rifaximin/ 
HPMC-P dispersion-Gram-Schmidt plot and waterfall plot. 
I0082 FIG. 40. TG-IRanalysis for 25:75 (w/w) Rifaximin/ 
HPMC-P dispersion. 
0.083 FIG. 41. Overlay of pre-processed XRPD patterns 
in multivariate mixture analysis. 
008.4 FIG. 42. Estimated Concentrations of Rifaximin 
(blue) and HPMC-AS MG (red) using Unscrambler MCR 
analysis. 
I0085 FIG. 43. Estimated XRPD patterns of Rifaximin 
(blue) and HPMC-AS MG (red) using Unscrambler MCR 
analysis. 
I0086 FIG.44. Overlay of estimated XRPD pattern of pure 
rifaximin using MCR and measured XRPD pattern of 100% 
rifaximin. 
I0087 FIG.45. Overlay of estimated XRPD pattern of pure 
HPMC-AS MG using MCR and measured XRPD pattern of 
100% HPMC-AS MG. 

I0088 FIG. 46. An exemplary XRPD pattern for combined 
solids of Rifaximin/HPMC-AS MG/Pluronic ternary disper 
S1O. 

I0089 FIG. 47. A modulate DSC thermogram for com 
bined solids of Rifaximin/HPMC-AS MG/Pluronic ternary 
dispersion. 
0090 FIG. 48. A TG-IR analysis for combined solids of 
Rifaximin/HPMC-AS MG/Pluronic ternary dispersion-TGA 
thermogram. 
0091 FIG. 49. An exemplary TG-IR analysis for com 
bined solids of Rifaximin/HPMC-AS MG/Pluronic ternary 
dispersion. 
0092 FIG. 50. An exemplary overlay of IR spectra for 
X-ray amorphous Rifaximin and combined solids of Rifaxi 
min/HPMC-AS MG/Pluronic ternary dispersion. 
0093 FIG. 51. An exemplary overlay of Ramam spectra 
for X-ray amorphous Rifaximin and combined solids of 
Rifaximin/HPMC-AS MG/Pluronic ternary dispersion. 
0094 FIG.52. A particle size analysis report for combined 
solids of Rifaximin/HPMC-AS MG/Pluronic ternary disper 
Sion. 
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0.095 FIG. 53. An exemplary dynamic vapor sorption 
(DVS) analysis for combined solids of Rifaximin/HPMC-AS 
MG/Pluronic ternary dispersion. 
(0096 FIG. 54. An exemplary overlay of XRPD patterns 
for Rifaximin/HPMC-AS MG/Pluronic ternary dispersion 
post-DVS solids and solids as-prepared. 
(0097 FIG. 55. An exemplary overlay of XRPD patterns 
for Rifaximinternary dispersion post-stressed samples and 
as-prepared sample. 
(0098 FIG. 56. An exemplary mDSC thermgram for 
Rifaximinternary dispersion after 70° C./75% RH 1 week. 
(0099 FIG. 57. An exemplary mDSC thermgram for 
Rifaximinternary dispersion after 70° C./75% RH 3 weeks. 
0100 FIG. 58. An exemplary mDSC thermgram for 
Rifaximinternary dispersion after 40° C./75% RH6 weeks. 
0101 FIG. 59. An exemplary mDSC thermgram for 
Rifaximinternary dispersion after 40°C./75% RH 12 weeks. 
0102 FIG. 60. Pharmacokinetic data of solid dispersion in 
dogs. 
0103 FIG. 61. Rifaximin SD capsules dissolution; acid 
phase: 0.1 NHCl with variable exposure time. Buffer phase: 
pH 6.8 with 0.45% SDS. 
0104 FIG. 62. Rifaximin SD capsules dissolution; acid 
phase: 2 hours; buffer phase: pH 6.8. 
0105 FIG. 63. Rifaximin capsule dissolution; phosphate 
buffer pH 6.8 with 0.45% SDS. 
0106 FIG. 64. Rifaximin spray dried dispersion (SDD) 
capsule dissolution. (a) acid phase 2 hours, buffer phase: P. 
Buffer, pH. 7.4. (b) acid phase: 0.1N HCl with various expo 
sure times, buffer phase: P. buffer, pH 7.4 with 0.45% SDS. 
01.07 FIG. 65. Rifamixin SDD with 10% CS formulation. 
(a) kinetic solubility Rifamixin SD granules. 10% wt % CS 
sodium FaSSIF, 10% wt % CS sodium FeSSIF. (b) dissolu 
tion profiles SDD tablet 10% CS. 0.2% SLS, pH4.5; 0.2% 
SLS, pH5.5; 0.2% SLS, pH 7.4: FaSSIF. 
0.108 FIG. 66. Rifaximin SDD with 10% CS formulation. 
Rifaxamin SDD capsules dissolution: (a) acid phase 2 hours, 
buffer phase: P. Buffer, pH. 7.4. With 0.45% SDS; without 
SDS. (b) acid phase: 0.1N HCl with variable exposure times, 
buffer phase: P. buffer, pH 7.4 with 0.45% SDS. 
0109 FIG. 67. Effects of media pH on dissolution. (a) 
Rifaxamin SDD tablet dissolution. Acid phase: 2 hours, pH 
2.0, (b) Dissolution profiles 0.2% SDS at pH 4.5, SDD tablet 
dissolution at various levels of CS: 0%, 2.5%. 5%, and 10% 
CS. 

0110 FIG. 68. Effects of media pH on dissolution. (a) 
Rifaxamin SDD tablet dissolution at various levels of CS: 
0%, 2.5%. 5%, and 10% CS, 0.2% SDS at pH 5.5. (b) Disso 
lution profiles SDD tablet dissolution at various levels of CS: 
0%, 2.5%. 5%, and 10% CS, 0.2% SDS at pH 7.4. 
0111 FIG. 69. Effects of media pH on dissolution. (a) 
Rifaxamin SDD tablet dissolution 2.5% CS, 0.2% SLS, pH4. 
5, 0.2% SLS, pH 5.5, 0.2% SLS, pH 7.4. (b) Rifaxamin SDD 
tablet dissolution 0% CS, 0.2% SLS, pH4.5, 0.2% SLS, pH 
5.5, 0.2% SLS, pH 7.4. 
(O112 FIG. 70. Effects of media pH on dissolution. (a) 
Rifaxamin SDD tablet dissolution 10% CS, 0.2% SLS, pH4. 
5, 0.2% SLS, pH 5.5, 0.2% SLS, pH 7.4. (b) Rifaxamin SDD 
tablet dissolution 5% CS, 0.2% SLS, pH4.5, 0.2% SLS, pH 
5.5, 0.2% SLS, pH 7.4. 
0113 FIG.71. CS release mechanism. (a) Kinetic solubil 
ity in FaSSIF media, pH 6.5, (b) slope vs. time point. 
0114 FIG. 72 depicts an overlay of XRPD patterns of 
rifaximin quaternary samples spray dried from methanol. The 
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top is a rifaximin quaternary sample containing 0.063 wt % 
BHA. The second is rifaximin quaternary sample containing 
0.063 wt % BHT. The third: is rifaximin quaternary sample 
containing 0.094 wt % PG, and the bottom is a spray dried 
rifaximinternary dispersion. 
0115 FIG. 73 depicts an mDSC thermogram of rifaximin 
quaternary sample containing 0.063 wt % BHA 
0116 FIG. 74 depicts an mDSC thermogram of rifaximin 
quaternary sample containing 0.063 wt % BHT. 
0117 FIG. 75 depicts a mDSC thermogram of rifaximin 
quaternary sample containing 0.094 wt % PG. 
0118 FIG. 76 depicts an XRPD pattern comparison of 
rifaximin solid dispersion powder 42.48% w/w with roller 
compacted material of rifaximin blend. Top: Rifaximin Solid 
Dispersion Powder 42.48% w/w; Bottom: roller compacted 
rifaximin blend. 
0119 FIG. 77 depicts the pharmacokinetics of rifaximin 
following administration of varying forms and formulations 
following a single oral dose of 2200 mg in dogs. 
0120 FIG. 78 depicts Rifaximin SDD in dogs. 
0121 FIG. 79 depicts the quotient study design. 
0122 FIG. 80 summarizes the dose escalation/regional 
absorption study, part A dose escalation/dose selection. 
0123 FIG. 81 depicts representative subject data from a 
dose escalation study. 
0.124 FIG. 82 depicts representative subject data from a 
dose escalation study. 
0.125 FIG. 83 depicts mean dose escalation data, on a 
linear scale. 
0126 FIG. 84 depicts mean dose escalation data, on a log 
scale. 
0127 FIG. 85 depicts a summary of Rifaximin SDD dose 
escalation studies. 
0128 FIG. 86 is a Table of dose/dosage form comparison. 
0129 FIG. 87 is a Table of dose/dosage form comparison. 
This table compares SDD at increasing doses to the current 
crystalline formulation in terms of systemic PK. 

DETAILED DESCRIPTION 

0130 Embodiments described herein relate to the discov 
ery of new solid dispersion forms of rifaximin with a variety 
of polymers and polymer concentrations. In one embodiment 
the use of one or more of new solid dispersion forms of the 
antibiotic known as Rifaximin (INN), in the manufacture of 
medicinal preparations for the oral or topical route is contem 
plated. For example, the solid dispersion forms of rifaximin 
are used to create pharmaceutical compositions, e.g., tablets 
or capsules, or microgranules comprising Solid dispersion 
forms of rifaximin. Exemplary methods for producing rifaxi 
min microgranules are set forth in the examples. Rifaximin 
microgranules can be formulated into pharmaceutical com 
positions as described herein. 
0131 Embodiments described herein also relate to admin 
istration of such medicinal preparations to a subject in need of 
treatment with antibiotics. Provided herein are solid disper 
sion forms of rifaximin with a variety of polymers and poly 
mer concentrations. 
0.132. As used herein, the term “intragranular release con 

trolling agent' include agents that cause a pharmaceutical 
composition, e.g., a microgranule, to breakdown thereby 
releasing the active ingredient, e.g., rifaximin. Exemplary 
intragranular release controlling agent, include disintegrants 
Such as crosprovidone, Sodium starch glycolate, corn starch, 
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microcrystalline cellulose, cellulosic derivatives, sodium 
bicarbonate, and Sodium alginate. 
I0133. In one embodiment, the intragranular release con 
trolling agent comprises between about 2 wt % to about 40 wt 
% of the microgranule, about 5 wt % to about 20 wt % of the 
microgranule, about 8-15 wt % or about 10 wt % of the 
microgranule. 
I0134. In another embodiment, the microgranule com 
prises a surfactant, e.g., a non-ionic Surfactant. In one 
embodiment, the non-ionic Surfactant comprises between 
about 2 wt % to about 10 wt % of the microgranule, between 
about 4 wt % to about 8 wt % of the microgranule, about 6 to 
about 7 wt % of the microgranule, or about 5.0 wt % of the 
microgranule. 
I0135) In another embodiment, the microgranule com 
prises an antioxidant. In one embodiment, the antioxidant 
comprises between about 0.1 wt % to about 3 wt % of the 
microgranule, between 0.3 wt % to about 2 wt % or between 
about 0.5 wt % to about 1 wt % of the microgranule. 
0.136. As used herein, the term “intragranular refers to the 
components that reside within the microgranule. As used 
herein, the term “extragranular refers to the components of 
the pharmaceutical composition that are not contained within 
the microgranule. 
0.137 As used herein, the term polymorph is occasionally 
used as a general term in reference to the forms of rifaximin 
and includes within the context, salt, hydrate, polymorph 
co-crystal and amorphous forms of rifaximin. This use 
depends on context and will be clear to one of skill in the art. 
0.138. As used herein, the term “about when used in ref 
erence to X-ray powder diffraction pattern peak positions 
refers to the inherent variability of the peaks depending on, 
for example, the calibration of the equipment used, the pro 
cess used to produce the polymorph, the age of the crystal 
lized material and the like, depending on the instrumentation 
used. In this case the measure variability of the instrument 
was about t0.2 degrees 2-0. A person skilled in the art, having 
the benefit of this disclosure, would understand the use of 
“about in this context. The term “about in reference to other 
defined parameters, e.g., water content, C, t, AUC. 
intrinsic dissolution rates, temperature, and time, indicates 
the inherent variability in, for example, measuring the param 
eter or achieving the parameter. A person skilled in the art, 
having the benefit of this disclosure, would understand the 
variability of a parameter as connoted by the use of the word 
about. 

0.139. As used herein, “similar in reference to a form 
exhibiting characteristics similar to, for example, an XRPD, 
an IR, a Raman spectrum, a DSC, TGA, NMR, SSNMR, etc. 
indicates that the polymorph or cocrystal is identifiable by 
that method and could range from similar to Substantially 
similar, so long as the material is identified by the method 
with variations expected by one of skill in the art according to 
the experimental variations, including, for example, instru 
ments used, time of day, humidity, season, pressure, room 
temperature, etc. 
0140. As used herein, “rifaximin solid dispersion.” 
“rifaximin ternary dispersion.” “solid dispersion of rifaxi 
min.” “solid dispersion”, “solid dispersion forms of rifaxi 
min”, “SD”, “SDD, and “form solid dispersion of rifaximin' 
are intended to have equivalent meanings and include rifaxi 
min polymer dispersion composition. These compositions 
are XRPD amorphous, but distinguishable from XRPD of 
amorphous rifaximin. As shown in the Examples and Figures, 
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the rifaximin polymer dispersion compositions are physically 
chemically distinguishable from amorphous rifaximin, 
including differentTg, different XRPD profiles and different 
dissolution profiles. 
0141 Polymorphism, as used herein, refers to the occur 
rence of different crystalline forms of a single compound in 
distinct hydrate status, e.g., a property of some compounds 
and complexes. Thus, polymorphs are distinct solids sharing 
the same molecular formula, yet each polymorph may have 
distinct physical properties. Therefore, a single compound 
may give rise to a variety of polymorphic forms where each 
form has different and distinct physical properties, such as 
solubility profiles, melting point temperatures, hygroscopic 
ity, particle shape, density, flowability, compactibility and/or 
X-ray diffraction peaks. The solubility of each polymorph 
may vary, thus, identifying the existence of pharmaceutical 
polymorphs is essential for providing pharmaceuticals with 
predictable solubility profiles. It is desirable to investigate all 
Solid state forms of a drug, including all polymorphic forms, 
and to determine the stability, dissolution and flow properties 
of each polymorphic form. Polymorphic forms of a com 
pound can be distinguished in a laboratory by X-ray diffrac 
tion spectroscopy and by other methods such as, infrared 
spectrometry. For a general review of polymorphs and the 
pharmaceutical applications of polymorphs see G. M. Wall, 
Pharm Manuf3, 33 (1986); J. K. Haleblian and W. McCrone, 
J. Pharm. Sci., 58,911 (1969); and J. K. Haleblian, J. Pharm. 
Sci., 64. 1269 (1975), all of which are incorporated herein by 
reference. 
0142. As used herein, “subject' includes organisms which 
are capable of suffering from a bowel disorder or other dis 
order treatable by rifaximin or who could otherwise benefit 
from the administration of rifaximin Solid dispersion compo 
sitions as described herein, Such as human and non-human 
animals. The term “non-human animals' includes all verte 
brates, e.g., mammals, e.g., rodents, e.g., mice, and non 
mammals, such as non-human primates, e.g., sheep, dog, 
cow, chickens, amphibians, reptiles, etc. Susceptible to a 
bowel disorder is meant to include subjects at risk of devel 
oping a bowel disorder infection, e.g., Subjects suffering from 
one or more of an immune Suppression, Subjects that have 
been exposed to other subjects with a bacterial infection, 
physicians, nurses, Subjects traveling to remote areas known 
to harbor bacteria that causes travelers diarrhea, subjects who 
drink amounts of alcohol that damage the liver, Subjects with 
a history of hepatic dysfunction, etc. 
0143. The language “a prophylactically effective amount 
of a composition refers to an amount of a rifaximin Solid 
dispersion formulation or otherwise described herein which 
is effective, upon single or multiple dose administration to the 
Subject, in preventing or treating a bacterial infection. 
0144. The language “therapeutically effective amount of 
a composition refers to an amount of a rifaximin Solid disper 
sion effective, upon single or multiple dose administration to 
the subject to provide a therapeutic benefit to the subject. In 
one embodiment, the therapeutic benefit is wounding or kill 
ing a bacterium, or in prolonging the Survivability of a subject 
with such a bowel or skin disorder. In another embodiment, 
the therapeutic benefit is inhibiting a bacterial infection or 
prolonging the Survival of a Subject with Such a bacterial 
infection beyond that expected in the absence of such treat 
ment. 

0145 Rifaximin exerts abroad antibacterial activity in the 
gastrointestinal tract against localized gastrointestinal bacte 
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ria that cause infectious diarrhea, including anaerobic strains. 
It has been reported that rifaximin is characterized by a neg 
ligible systemic absorption, due to its chemical and physical 
characteristics (Descombe J. J. et al. Pharmacokinetic study 
of rifaximin after oral administration in healthy volunteers. 
IntJ Clin Pharmacol Res, 14 (2), 51-56, (1994)). 
0146 In respect to possible adverse events coupled to the 
therapeutic use of rifaximin, the induction of bacterial resis 
tance to the antibiotics is of particular relevance. 
0147 From this point of view, any differences found in the 
systemic absorption of the forms of rifaximin disclosed 
herein may be significant, because at Sub-inhibitory concen 
tration of rifaximin, Such as in the range from 0.1 to 1 Lug/ml. 
selection of resistant mutants has been demonstrated to be 
possible (Marchese A. et al. In vitro activity of rifaximin, 
metronidazole and Vancomycin against clostridium difficile 
and the rate of selection of spontaneously resistant mutants 
against representative anaerobic and aerobic bacteria, 
including ammonia-producing species. Chemotherapy, 
46(4), 253-266, (2000)). 
0.148. Forms, formulations and compositions of rifaximin 
have been found to have differing in vivo bioavailability 
properties. Thus, the polymorphs disclosed herein would be 
useful in the preparation of pharmaceuticals with different 
characteristics for the treatment of infections. This would 
allow generation of rifaximin preparations that have signifi 
cantly different levels of adsorption with C. values from 
about 0.0 ng/ml to 5.0 g/ml. This leads to preparation of 
rifaximin compositions that are from negligibly to signifi 
cantly adsorbed by Subjects undergoing treatment. One 
embodiment described herein is modulating the therapeutic 
action of rifaximin by selecting the proper form, formulation 
and/or composition, or mixture thereof, for treatment of a 
Subject. For example, in the case of invasive bacteria, the most 
bioavailable form, formulation and/or composition can be 
selected from those disclosed herein, whereas in case of non 
invasive pathogens less adsorbed forms, formulations and/or 
compositions of rifaximin can be selected, since they may be 
safer for the Subject undergoing treatment. A form, formula 
tion and/or composition of rifaximin may determine solubil 
ity, which may also determine bioavailability. 
0149 For XRPD analysis, accuracy and precision associ 
ated with third party measurements on independently pre 
pared samples on different instruments may lead to variability 
which is greater than +0.120. Ford-space listings, the wave 
length used to calculate d-spacings was 1.541874 A, a 
weighted average of the Cu-KCl and Cu-KC2 wavelengths. 
Variability associated with d-spacing estimates was calcu 
lated from the USP recommendation, at each d-spacing, and 
provided in the respective data tables and peak lists. 

Methods of Treatment 

0150 Provided herein are methods of treating, preventing, 
oralleviating bowel related disorders comprising administer 
ing to a Subject in need thereof an effective amount of one or 
more of the Solid dispersion compositions of rifaximin. 
Bowel related disorders include one or more of irritable 
bowel syndrome, diarrhea, microbe associated diarrhea, 
Clostridium difficile associated diarrhea, travelers’ diarrhea, 
small intestinal bacterial overgrowth, Crohn's disease, diver 
ticular disease, chronic pancreatitis, pancreatic insufficiency, 
enteritis, colitis, hepatic encephalopathy, minimal hepatic 
encephalopathy or pouchitis. 
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0151. The length of treatment for a particular bowel dis 
order will depend in part on the disorder. For example, trav 
elers’ diarrhea may only require treatment duration of 12 to 
about 72 hours, while Crohn's disease may require treatment 
durations from about 2 days to 3 months. Dosages of rifaxi 
min will also vary depending on the diseases State. Proper 
dosage ranges are provided herein infra. The polymorphs and 
cocrystals described herein may also be used to treat or pre 
vent apathology in a Subject Suspected of being exposed to a 
biological warfare agent. 
0152 The identification of those subjects who are in need 
of prophylactic treatment for bowel disorder is well within the 
ability and knowledge of one skilled in the art. Certain of the 
methods for identification of subjects which are at risk of 
developing a bowel disorder which can be treated by the 
Subject method are appreciated in the medical arts, such as 
family history, travel history and expected travel plans, the 
presence of risk factors associated with the development of 
that disease state in the subject. A clinician skilled in the art 
can readily identify such candidate subjects, by the use of, for 
example, clinical tests, physical examination and medical/ 
family/travel history. 
0153 Topical skin infections and vaginal infections may 
also be treated with the rifaximin compositions described 
herein. Thus, described herein are methods of using a solid 
dispersion composition of rifaximin (SD rifaximin composi 
tions) to treat vaginal infections, ear infections, lung infec 
tions, periodontal conditions, rosacea, and other infections of 
the skin and/or other related conditions. Provided herein are 
vaginal pharmaceutical compositions to treat vaginal infec 
tion, particularly bacterial vaginosis, to be administered topi 
cally, including vaginal foams and creams, containing athera 
peutically effective amount of SD rifaximin compositions, 
preferably between about 50 mg and 2500 mg. Pharmaceuti 
cal compositions known to those of skill in the art for the 
treatment of vaginal pathological conditions by the topical 
route may be advantageously used with SD rifaximin com 
positions. For example, vaginal foams, ointments, creams, 
gels, ovules, capsules, tablets and effervescent tablets may be 
effectively used as pharmaceutical compositions containing 
SD rifaximin compositions, which may be administered topi 
cally for the treatment of vaginal infections, including bacte 
rial vaginosis. Also provided herein are method of using SD 
rifaximin compositions to treat gastric dyspepsia, including 
gastritis, gastroduodenitis, antral gastritis, antral erosions, 
erosive duodenitis and peptic ulcers. These conditions may be 
caused by the Helicobacter pylori. Pharmaceutical formula 
tions known by those of skill in the art with the benefit of this 
disclosure to be used for oral administration of a drug may be 
used. Provided herein are methods of treating ear infections 
with SD rifaximin compositions. Ear infections include exter 
nal ear infection, or a middle and inner ear infection. Also 
provided herein are methods of using SD rifaximin compo 
sitions to treat or prevent aspiration pneumonia and/or sepsis, 
including the prevention of aspiration pneumonia and/or sep 
sis in patients undergoing acid suppression or undergoing 
artificial enteral feedings via a Gastrostomy/Jejunostomy or 
nasoforo gastric tubes; prevention of aspiration pneumonia in 
patients with impairment of mental status, for example, for 
any reason, for Subjects undergoing anesthesia or mechanical 
ventilation that are at high risk for aspiration pneumonia. 
Provided herein are methods to treat or to prevent periodontal 
conditions, including plaque, tooth decay and gingivitis. Pro 
vided herein are methods of treating rosacea, which is a 
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chronic skin condition involving inflammation of the cheeks, 
nose, chin, forehead, or eyelids. 

Pharmaceutical Preparations 
0154 Embodiments also provide pharmaceutical compo 
sitions, comprising an effective amount of one or more SD 
rifaximin compositions, or microgranules comprising SD 
forms of rifaximin described herein (e.g., described herein 
and a pharmaceutically acceptable carrier). In a further 
embodiment, the effective amount is effective to treat a bac 
terial infection, e.g., Small intestinal bacterial overgrowth, 
Crohn's disease, hepatic encephalopathy, antibiotic associ 
ated colitis, and/or diverticular disease. Embodiments also 
provide pharmaceutical compositions, comprising an effec 
tive amount of rifaximin SD compositions. 
0155 For examples of the use of rifaximinto treat Trav 
elers’ diarrhea, see Infante RM, Ericsson CD, Zhi-Dong J, 
Ke S, Steffen R, Riopel L. Sack DA, DuPont, H L., Entero 
aggregative Escherichia coli Diarrhea in Travelers: Response 
to Rifaximin Therapy. Clinical Gastroenterology and Hepa 
tology. 2004; 2:135-138; and Steffen R, M.D., Sack DA, 
M.D., Riopel L., Ph.D., Zhi-Dong J, Ph.D., Sturchler M, 
M.D., Ericsson CD, M.D., Lowe B, M.Phil., Waiyaki P. 
Ph.D., White M, Ph.D., DuPont H L., M.D. Therapy of Trav 
elers’ Diarrhea With Rifaximin on Various Continents. The 
American Journal of Gastroenterology. May 2003, Volume 
98, Number 5, all of which are incorporated herein by refer 
ence in their entirety. Examples of treating hepatic encepha 
lopathy with rifaximin see, for example, N. Engl J Med. 
2010 362 1071-1081. 
0156 Embodiments also provide pharmaceutical compo 
sitions comprising rifaximin SD compositions and a pharma 
ceutically acceptable carrier. Embodiments of the pharma 
ceutical composition further comprise excipients, for 
example, one or more of a diluting agent, binding agent, 
lubricating agent, intragranular release controlling agent, 
e.g., a disintegrating agent, coloring agent, flavoring agent or 
Sweetening agent. One composition may be formulated for 
selected coated and uncoated tablets, hard and soft gelatin 
capsules, Sugar-coated pills, lozenges, wafer sheets, pellets 
and powders in sealed packet. For example, compositions 
may be formulated for topical use, for example, ointments, 
pomades, creams, gels and lotions. 
0157. In an embodiment, the rifaximin SD composition is 
administered to the Subject using a pharmaceutically-accept 
able formulation, e.g., a pharmaceutically-acceptable formu 
lation that provides sustained or delayed delivery of the SD 
rifaximin composition to a subject for at least 2, 4, 6, 8, 10, 12 
hours, 24 hours, 36 hours, 48 hours, one week, two weeks, 
three weeks, or four weeks after the pharmaceutically-accept 
able formulation is administered to the subject. The pharma 
ceutically-acceptable formulations may contain microgran 
ules comprising rifaximinas described herein. 
0158. In certain embodiments, these pharmaceutical com 
positions are Suitable for topical or oral administration to a 
subject. In other embodiments, as described in detail below, 
the pharmaceutical compositions described herein may be 
specially formulated for administration in Solid or liquid 
form, including those adapted for the following: (1) oral 
administration, for example, drenches (aqueous or non-aque 
ous solutions or Suspensions), tablets, boluses, powders, 
granules, pastes; (2) parenteral administration, for example, 
by Subcutaneous, intramuscular or intravenous injection as, 
for example, asterile solution or Suspension; (3) topical appli 



US 2012/0077835 A1 

cation, for example, as a cream, ointment or spray applied to 
the skin; (4) intravaginally or intrarectally, for example, as a 
pessary, cream or foam; or (5) aerosol, for example, as an 
aqueous aerosol, liposomal preparation or solid particles con 
taining the compound. 
0159. The phrase “pharmaceutically acceptable' refers to 
those SD rifaximin compositions and cocrystals presented 
herein, compositions containing Such compounds, and/or 
dosage forms which are, within the scope of Sound medical 
judgment, Suitable for use in contact with the tissues of 
human beings and animals without excessive toxicity, irrita 
tion, allergic response, or other problem or complication, 
commensurate with a reasonable benefit/risk ratio. 
0160 The phrase “pharmaceutically-acceptable carrier' 
includes pharmaceutically-acceptable material, composition 
or vehicle. Such as a liquid or Solid filler, diluent, excipient, 
Solvent or encapsulating material, involved in carrying or 
transporting the Subject chemical from one organ, or portion 
of the body, to another organ, or portion of the body. Each 
carrier is preferably “acceptable' in the sense of being com 
patible with the other ingredients of the formulation and not 
injurious to the Subject. Some examples of materials which 
can serve as pharmaceutically-acceptable carriers include: 
(1) Sugars, such as lactose, glucose and Sucrose; (2) starches, 
Such as corn starch and potato starch; (3) cellulose, and its 
derivatives, such as Sodium carboxymethyl cellulose, ethyl 
cellulose and cellulose acetate; (4) powdered tragacanth; (5) 
malt; (6) gelatin; (7) talc.; (8) excipients, such as cocoa butter 
and Suppository waxes; (9) oils, such as peanut oil, cottonseed 
oil, safflower oil, Sesame oil, olive oil, corn oil and soybean 
oil, (10) glycols, such as propylene glycol; (11) polyols. Such 
as glycerin, Sorbitol, mannitol and polyethylene glycol; (12) 
esters, such as ethyl oleate and ethyl laurate; (13) agar, (14) 
buffering agents, such as magnesium hydroxide and alumi 
num hydroxide; (15) alginic acid, (16) pyrogen-free water; 
(17) isotonic saline; (18) Ringer's solution; (19) ethyl alco 
hol; (20) phosphate buffer solutions; and (21) other non-toxic 
compatible Substances employed in pharmaceutical formula 
tions. 

0161 Wetting agents, emulsifiers and lubricants, such as 
Sodium lauryl Sulfate and magnesium Stearate, as well as 
coloring agents, release agents, coating agents, Sweetening, 
flavoring and perfuming agents, preservatives and antioxi 
dants can also be present in the compositions. 
0162 Examples of pharmaceutically-acceptable antioxi 
dants include: (1) water Soluble antioxidants, such as ascorbic 
acid, cysteine hydrochloride, Sodium bisulfate, Sodium met 
abisulfite, sodium sulfite and the like; (2) oil-soluble antioxi 
dants, such as ascorbyl palmitate, butylated hydroxyanisole 
(BHA), butylated hydroxytoluene (BHT), lecithin, propyl 
gallate, alpha-tocopherol, and the like; and (3) metal chelat 
ing agents, such as citric acid, ethylenediamine tetraacetic 
acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the 
like. 

0163 Methods of preparing these compositions include 
the step of bringing into association a SD rifaximin compo 
sition(s) or microgranules containing the SD rifaximin com 
positions with the carrier and, optionally, one or more acces 
sory ingredients. In general, the formulations are prepared by 
uniformly and intimately bringing into association a SD 
rifaximin composition with liquid carriers, or finely divided 
Solid carriers, or both, and then, if necessary, shaping the 
product. 
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0164 Compositions suitable for oral administration may 
be in the form of capsules, cachets, pills, tablets, lozenges 
(using a flavored basis, usually Sucrose and acacia or traga 
canth), powders, granules, or as a solution or a suspension in 
an aqueous or non-aqueous liquid, or as an oil-in-water or 
water-in-oil liquid emulsion, or as an elixir or syrup, or as 
pastilles (using an inert base. Such as gelatin and glycerin, or 
Sucrose and acacia) and/or as mouth washes and the like, each 
containing a predetermined amount of a SD rifaximin com 
position(s) as an active ingredient. A compound may also be 
administered as a bolus, electuary or paste. 
0.165. The SD compositions of rifaximin disclosed herein 
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 an SD composition of rifaximin together 
with the usual excipients, for example diluting agents such as 
mannitol, lactose and Sorbitol; binding agents such as 
starches, gelatines, Sugars, cellulose derivatives, natural 
gums and polyvinylpyrrolidone; lubricating agents such as 
talc, Stearates, hydrogenated vegetable oils, polyethylengly 
col and colloidal silicon dioxide; disintegrating agents such 
as starches, celluloses, alginates, gums and reticulated poly 
mers; coloring, flavoring, disintegrants, and Sweetening 
agents. 
(0166 Embodiments described herein include SD rifaxi 
min composition administrable by the oral route, for instance 
coated and uncoated tablets, of soft and hard gelatin capsules, 
Sugar-coated pills, lozenges, wafer sheets, pellets and pow 
ders in sealed packets or other containers. 
0.167 Pharmaceutical compositions for rectal or vaginal 
administration may be presented as a Suppository, which may 
be prepared by mixing one or more SDrifaximin composition 
(s) with one or more Suitable nonirritating excipients or car 
riers comprising, for example, cocoa butter, polyethylene 
glycol, a Suppository wax or a salicylate, and which is solid at 
room temperature, but liquid at body temperature and, there 
fore, will melt in the rectum or vaginal cavity and release the 
active agent. Compositions which are Suitable for vaginal 
administration also include pessaries, tampons, creams, gels, 
pastes, foams or spray formulations containing Such carriers 
as are known in the art to be appropriate. 
0168 Dosage forms for the topical or transdermal admin 
istration of a SD rifaximin composition(s) include powders, 
sprays, ointments, pastes, creams, lotions, gels, Solutions, 
patches and inhalants. The active SD rifaximin composition 
(s) may be mixed under Sterile conditions with a pharmaceu 
tically-acceptable carrier, and with any preservatives, buffers, 
or propellants which may be required. 
0169 Ointments, pastes, creams and gels may contain, in 
addition to SD rifaximin composition(s), excipients, such as 
animal and vegetable fats, oils, waxes, paraffins, starch, traga 
canth, cellulose derivatives, polyethylene glycols, silicones, 
bentonites, silicic acid, talc and Zinc oxide, or mixtures 
thereof. 

0170 Powders and sprays can contain, in addition to a SD 
rifaximin composition(s), excipients such as lactose, talc, 
silicic acid, aluminium hydroxide, calcium silicates and 
polyamide powder, or mixtures of these Substances. Sprays 
can additionally contain customary propellants, such as chlo 
rofluorohydrocarbons and volatile unsubstituted hydrocar 
bons, such as butane and propane. 
0171 The SD rifaximin composition(s) can be alterna 
tively administered by aerosol. This is accomplished by pre 
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paring an aqueous aerosol, liposomal preparation or Solid 
particles containing the compound. A non-aqueous (e.g., 
fluorocarbon propellant) Suspension could be used. Sonic 
nebulizers are preferred because they minimize exposing the 
agent to shear, which can result in degradation of the com 
pound. 
0172 An aqueous aerosol is made, for example, by for 
mulating an aqueous solution or Suspension of the agent 
together with conventional pharmaceutically-acceptable car 
riers and stabilizers. The carriers and stabilizers vary with the 
requirements of the particular compound, but typically 
include non-ionic Surfactants (Tweens, Pluronics, or polyeth 
ylene glycol), innocuous proteins like serum albumin, Sorbi 
tan esters, oleic acid, lecithin, amino acids such as glycine, 
buffers, salts, Sugars or Sugar alcohols. Aerosols generally are 
prepared from isotonic solutions. 
0173 Transdermal patches have the added advantage of 
providing controlled delivery of a SD rifaximin composition 
(s) to the body. Such dosage forms can be made by dissolving 
or dispersing the agent in the proper medium. Absorption 
enhancers can also be used to increase the flux of the active 
ingredient across the skin. The rate of Such flux can be con 
trolled by either providing a rate controlling membrane or 
dispersing the active ingredient in a polymer matrix or gel. 
0.174 Ophthalmic formulations, eye ointments, powders, 
Solutions and the like, are also contemplated as being within 
the scope of the invention. 
0175 Pharmaceutical compositions suitable for 
parenteral administration may comprise one or more SD 
rifaximin composition(s) in combination with one or more 
pharmaceutically-acceptable sterile isotonic aqueous or non 
aqueous solutions, dispersions, Suspensions or emulsions, or 
sterile powders which may be reconstituted into sterile inject 
able Solutions or dispersions just prior to use, which may 
contain antioxidants, buffers, bacteriostats, Solutes which 
render the formulation isotonic with the blood of the intended 
recipient or Suspending or thickening agents. 
0176 Examples of Suitable aqueous and non-aqueous car 
riers which may be employed in the pharmaceutical compo 
sitions include water, ethanol, polyols (such as glycerol, pro 
pylene glycol, polyethylene glycol, and the like), and Suitable 
mixtures thereof, vegetable oils, such as olive oil, and inject 
able organic esters, such as ethyl oleate. Proper fluidity can be 
maintained, for example, by the use of coating materials, such 
as lecithin, by the maintenance of the required particle size in 
the case of dispersions, and by the use of Surfactants. 
0177. When the SD rifaximin composition(s) are admin 
istered as pharmaceuticals, to humans and animals, they can 
be given perse or as a pharmaceutical composition contain 
ing, for example, 0.1 to 99.5% (more preferably, 0.5 to 90%) 
of active ingredient in combination with a pharmaceutically 
acceptable carrier. 
0.178 Regardless of the route of administration selected, 
the SD rifaximin composition(s) are formulated into pharma 
ceutically-acceptable dosage forms by methods known to 
those of skill in the art. 

0179 Actual dosage levels and time course of administra 
tion of the active ingredients in the pharmaceutical composi 
tions may be varied so as to obtain an amount of the active 
ingredient which is effective to achieve the desired therapeu 
tic response for a particular Subject, composition, and mode 
of administration, without being toxic to the Subject. An 
exemplary dose range is from 25 to 3000 mg per day. Other 
doses include, for example, 600 mg/day, 1100 mg/day and 
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1650 mg/day. Other exemplary doses include, for example, 
1000 mg/day, 1500 mg/day, from between 500 mg to about 
1800 mg/day or any value in-between. 
0180 A preferred dose of the SD rifaximin composition 
disclosed herein is the maximum that a Subject can tolerate 
without developing serious side effects. Preferably, the SD 
rifaximin composition is administered at a concentration of 
about 1 mg to about 200 mg per kilogram of body weight, 
about 10 to about 100 mg/kg or about 40 mg to about 80 
mg/kg of body weight. Ranges intermediate to the above 
recited values are also intended to be part. For example, doses 
may range from 50 mg to about 2000 mg/day. 
0181. In combination therapy treatment, the other drug 
agent(s) are administered to mammals (e.g., humans, male or 
female) by conventional methods. The agents may be admin 
istered in a single dosage form or in separate dosage forms. 
Effective amounts of the other therapeutic agents are well 
knownto those skilled in theart. However, it is well within the 
skilled artisan's purview to determine the other therapeutic 
agent's optimal effective-amount range. In one embodiment 
in which another therapeutic agent is administered to an ani 
mal, the effective amount of the rifaximin SD composition is 
less than its effective amount in case the other therapeutic 
agent is not administered. In another embodiment, the effec 
tive amount of the conventional agent is less than its effective 
amount in case the rifaximin SD composition is not admin 
istered. In this way, undesired side effects associated with 
high doses of either agent may be minimized. Other potential 
advantages (including without limitation improved dosing 
regimens and/or reduced drug cost) will be apparent to those 
skilled in the art. 
0182 Invarious embodiments, the therapies (e.g., prophy 
lactic or therapeutic agents) are administered less than 5 
minutes apart, less than 30 minutes apart, 1 hour apart, at 
about 1 hour apart, at about 1 to about 2 hours apart, at about 
2 hours to about 3 hours apart, at about 3 hours to about 4 
hours apart, at about 4 hours to about 5 hours apart, at about 
5 hours to about 6 hours apart, at about 6 hours to about 7 
hours apart, at about 7 hours to about 8 hours apart, at about 
8 hours to about 9 hours apart, at about 9 hours to about 10 
hours apart, at about 10 hours to about 11 hours apart, at about 
11 hours to about 12 hours apart, at about 12 hours to 18 hours 
apart, 18 hours to 24 hours apart, 24 hours to 36 hours apart, 
36 hours to 48 hours apart, 48 hours to 52 hours apart, 52 
hours to 60 hours apart, 60 hours to 72 hours apart, 72 hours 
to 84 hours apart, 84 hours to 96 hours apart, or 96 hours to 
120 hours part. In preferred embodiments, two or more thera 
pies are administered within the same Subject's visit. 
0183 In certain embodiments, one or more compounds 
and one or more other therapies (e.g., prophylactic or thera 
peutic agents) are cyclically administered. Cycling therapy 
involves the administration of a first therapy (e.g., a first 
prophylactic or therapeutic agent) for a period of time, fol 
lowed by the administration of a second therapy (e.g., a sec 
ond prophylactic or therapeutic agent) for a period of time, 
optionally, followed by the administration of a third therapy 
(e.g., prophylactic or therapeutic agent) for a period of time 
and so forth, and repeating this sequential administration, i.e., 
the cycle in order to reduce the development of resistance to 
one of the therapies, to avoid or reduce the side effects of one 
of the therapies, and/or to improve the efficacy of the thera 
pies. 
0184. In certain embodiments, the administration of the 
same compounds may be repeated and the administrations 
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may be separated by at least 1 day, 2 days, 3 days, 5 days, 10 
days, 15 days, 30 days, 45 days, 2 months, 75 days, 3 months, 
or at least 6 months. In other embodiments, the administration 
of the same therapy (e.g., prophylactic or therapeutic agent) 
other than a SD rifaximin composition may be repeated and 
the administration may be separated by at least 1 day, 2 days, 
3 days, 5 days, 10 days, 15 days, 30 days, 45 days, 2 months, 
75 days, 3 months, or at least 6 months. 
0185. Certain indications may require longer treatment 
times. For example, travelers’ diarrhea treatment may only 
last from between about 12 hours to about 72 hours, while a 
treatment for Crohn's disease may be from between about 1 
day to about 3 months. A treatment for hepatic encephalopa 
thy may be, for example, for the remainder of the subject's life 
span. A treatment for IBS may be intermittent for weeks or 
months at a time or for the remainder of the subject's life. 

Compositions and Formulations 
0186 Rifaximin solid dispersions, pharmaceutical com 
positions comprising SD rifaximin or microgranules com 
prising rifaxmin Solid dispersions, can be made from, for 
example, polymers including polyvinylpyrrolidone (PVP) 
grade K-90, hydroxypropyl methylcellulose phthalate 
(HPMC-P) grade 55, hydroxypropyl methylcellulose acetate 
succinate (HPMC-AS) grades HG and MG, and a poly 
methacrylate (Eudragit(R) L100-55). Rifaximin solid disper 
sion compositions are comprised of, for example, 10:90, 
15:85, 20:80, 25:75,30:70, 40:60, 50:50 60:40, 70:30, 75:25, 
80:20,85:15, and 90:10 (Rifaximin/polymer, by weight). Pre 
ferred solid dispersions are comprised of 25:75, 50:50 and 
75:25 (Rifaximin/polymer, by weight). In addition to rifaxi 
min and polymer, Solid dispersions may also comprise Sur 
factants, for example, non-ionic, Surfactant polyols. 
0187. An example of a formulation comprises about 50:50 
(w/w) Rifaximin:HPMC-AS MG with from between about 2 
wt % to about 10 wt % of a non-ionic, surfactant polyol, for 
example, Pluronic F-127. 
0188 One example of a formulation comprises 50:50 
(w/w) Rifaximin: HPMC-AS MG with about 5.9 wt %) of a 
non-ionic, surfactant polyol, for example, Pluronic F-127. 
Spray dried rifaximinternary dispersion (50:50 (w/w) rifaxi 
min: HPMC-AS MG with 5.9 wt % Pluronic F-127) was 
blended with 10 wt % croscarmellose sodium and then filled 
into gelatin capsules. Each capsule contains 275 mg of rifaxi 
min and the blend formulation is 85:5:10 of 50:50 (w/w) 
Rifaximin: HPMC-AS MG:Pluronic:croscarmellose sodium 
(calculated in total Solids). Other examples of microgranules 
and pharmaceutical compositions comprising SD rifaximin 
are described in the examples. 
0189 To form the rifaximin solid dispersion, the compo 
nents, e.g., rifaximin, polymer and methanol are mixed and 
then spray dried. Exemplary conditions are Summarized in 
Table 9 and the procedure outlined below and in Examples 3 
and 4. 
0190. Exemplary Spray Drying Process Parameters, 
include for example: 

(0191 Spray Dryer e.g., PSD 1: 
0.192 Single or multi-fluid nozzle: e.g., a two Fluid Niro 
Nozzle: 

0193 Nozzle orifice 0.1-10 mm: 
0194 Inlet gas temperature 75-150+5 deg C.; 
(0195 Process gas flow (mmH2O) 20-70, preferred 

44; 
0.196 Atomizing gas pressure 0.7-1 bar; 
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(0197) Feed rate 2-7 kg/Hr; 
(0198 Outlet temperature 30-70+3 deg C.; 
(0199 Solution temperature 20-50 deg C.; and 
0200 Post spray drying vacuum dry at 20-60 deg C., for 
between about 2 and 72 hrs. 

Article of Manufacture 

0201 Another embodiment includes articles of manufac 
ture that comprise, for example, a container holding a rifaxi 
min SD pharmaceutical composition Suitable for oral or topi 
cal administration of rifaximin in combination with printed 
labeling instructions providing a discussion of when a par 
ticular dosage form should be administered with food and 
when it should be taken on an empty stomach. Exemplary 
dosage forms and administration protocols are described 
infra. The composition will be contained in any suitable con 
tainer capable of holding and dispensing the dosage form and 
which will not significantly interact with the composition and 
will further be in physical relation with the appropriate label 
ing. The labeling instructions will be consistent with the 
methods of treatment as described hereinbefore. The labeling 
may be associated with the container by any means that 
maintain a physical proximity of the two, by way of non 
limiting example, they may both be contained in a packaging 
material Such as a box or plastic shrink wrap or may be 
associated with the instructions being bonded to the container 
such as with glue that does not obscure the labeling instruc 
tions or other bonding or holding means. 
0202 Another aspect is an article of manufacture that 
comprises a container containing a pharmaceutical composi 
tion comprising SD rifaximin composition or formulation 
wherein the container holds preferably rifaximin composition 
in unit dosage form and is associated with printed labeling 
instructions advising of the differing absorption when the 
pharmaceutical composition is taken with and without food. 
0203 Packaged compositions are also provided, and may 
comprise a therapeutically effective amount of rifaximin. 
Rifaximin SD composition and a pharmaceutically accept 
able carrier or diluent, wherein the composition is formulated 
for treating a subject suffering from or susceptible to a bowel 
disorder, and packaged with instructions to treat a subject 
suffering from or susceptible to a bowel disorder. 
0204 Kits are also provided herein, for example, kits for 
treating a bowel disorder in a subject. The kits may contain, 
for example, one or more of the solid dispersion forms of 
rifaximin and instructions for use. The instructions for use 
may contain proscribing information, dosage information, 
storage information, and the like. 
0205 Packaged compositions are also provided, and may 
comprise a therapeutically effective amount of an SD rifaxi 
min composition and a pharmaceutically acceptable carrier or 
diluent, wherein the composition is formulated for treating a 
subject suffering from or susceptible to a bowel disorder, and 
packaged with instructions to treat a subject Suffering from or 
susceptible to a bowel disorder. 
0206. The present invention is further illustrated by the 
following examples, which should not be construed as further 
limiting. The contents of all figures and all references, patents 
and published patent applications cited throughout this appli 
cation, as well as the Figures, are expressly incorporated 
herein by reference in their entirety. 
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EXAMPLES 

0207. The chemical structure of Rifaximinis shown below 
in FIG. 1. 

Example 1 
Solid Dispersions of Rifaximin 

0208 Various polymers were formulated with rifaximin 
into Solids prepared by methanol and spray drying at Small 
scale (~1 g). Polymers, including polyvinylpyrrolidone 
(PVP) grade K-90, hydroxypropyl methylcellulosephthalate 
(HPMC-P) grade 55, hydroxypropyl methylcellulose acetate 
succinate (HPMC-AS) grades HG and MG, and a poly 
methacrylate (Eudragit(R) L100-55) were used. Solids have 
compositions of 25:75,50:50 and 75:25 (Rifaximin/polymer, 
by weight). 
0209 Samples generated were observed under polarized 
light microscope after preparation and were characterized by 
XRPD. The results are included in Table 1 through Table 5. 
Birefringence with extinction (B/E) was not observed for any 
of the samples, indicating Solids without crystalline order 
were obtained. No sharp peaks were evident by visual inspec 
tion of XRPD patterns of these samples, consistent with non 
crystalline materials, as shown in FIG. 2 (with PVP K-90), 
FIG. 7 (with HPMC-P), FIG. 12 (with HMPC-ASHG), FIG. 
12 (with HMPC-AS MG), and FIG. 17 (with Eudragit L100 
55). 
0210 Materials were characterized by mDSC where the 
appearance of a single glass transition temperature (Tg), pro 
vides Support for a non-crystalline fully miscible dispersion. 
All the dispersions prepared with PVP K-90 display a single 
apparentTg at approximately 185°C. (FIG. 3, 25:75 w/w), 
193° C. (FIG. 4, 50:50 w/w), and 197° C. (FIG. 5, 75:25) 
respectively. The change in heat capacity (ACp) at Tg is 
approximately 0.3 J/g: C. for each dispersion. A non-revers 
ible endotherm, which is likely due to the residual solvent in 
the materials, was observed in each of Rifaximin/PVP K-90 
dispersions centered at approximately 78°C., 59° C. and 61 
C. 
0211. From FIG. 6, Tg of Rifaximin/PVP K-90 disper 
sions increases with the increased Rifaximin concentration, 
which is due to the higher Tg of Rifaximin (199°C.) than PVP 
K-90 (174°C.). Evidence of a single Tg may suggest that the 
components of the dispersion are intimately mixed, or mis 
cible. 
0212 Dispersions prepared with other polymers also dis 
play a single apparent Tg, as a step change in the reversing 
heat flow signal by m)SC. Dispersions prepared with 
HPMC-P exhibitTg at 153° C. (FIG. 8, 25:75 w/w), 161° C. 
(FIG.9, 50:50 w/w) and 174° C. (FIG.10, 75:25 w/w) respec 
tively, with ACp at Tg approximately 0.4 J/g: C. 
0213 With HPMC-ASHG, dispersions display Tg at 137° 
C. (FIG. 13, 25:75 w/w), 154° C. (FIG. 14, 50:50 w/w) and 
177° C. (FIG. 15, 75:25 w/w) respectively; ACp at Tg is 
approximately 0.4 or 0.3 J/g: C. 
0214) With HPMC-AS MG, dispersions display Tg at 
140° C. (FIG. 18, 25:75 w/w), 159° C. (FIG. 19, 50:50 w/w) 
and 177° C. (FIG. 10, 75:25 w/w) respectively; ACp at Tg is 
approximately 0.4 or 0.3 J/g: C. 
0215 Dispersions prepared with Eudragit L100-55 
exhibit Tg at 141° C. with ACp approximately 0.5 J/g: C. 
(FIG. 23, 25:75 w/w), 159° C. with ACp approximately 0.3 
J/g: C. (FIG. 24, 50:50 w/w), and 176° C. with ACp at Tg 
approximately 0.2J/g: C. (FIG. 25, 75:25 w/w) respectively. 
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0216) Similarly, as shown in FIG. 11 (with HPMC-P), 
FIG. 16 (with HPMC-AS HG), FIG. 21 (with HPMC-AS 
MG, and FIG. 26 (with Eudragit L100-55), Tg of material in 
each set of Rifaximin/polymer dispersions increases with the 
increased Rifaximin concentration due to the higher Tg of 
Rifaximin. 

Physical Stability Assessment 
0217. An assessment of physical stability for rifaximin/ 
polymer dispersions was conducted under stress conditions 
of aqueous solutions at different biologically relevant condi 
tions, including 0.1N HCl solution at 37° C. and pH 6.5 
FASSIF buffer at 37° C., elevated temperature/relative 
humidity (40° C./75% RH), and elevated temperature/dry 
(60° C.). The X-ray amorphous rifaximin—only sample pre 
pared from methanol by spray drying was also stressed under 
the same conditions for comparison. 

Stress in 0.1N HCl Solution at 37° C. 

0218. For the assessment of physical stability for samples 
in a 0.1N HCl solution maintained at 37° C., observations 
were made and microscopy images were acquired using 
polarized light at different time points including 0, 6 and 24 
hrs, as summarized in Table 6. Based on the absence of 
birefringent particles when samples were observed by PLM, 
dispersions prepared with HPMC-AS HG and HPMC-AS 
MG display the highest physical stability under this particular 
stress condition. The results of this study for each of samples 
are discussed below. 
0219 X-ray amorphous Rifaximin stressed in 0.1N HCl 
solution at 37° C. at 0, 6, and 24 hrs showed evidence of 
birefringence/extinctions was observed at 6 hrs, indicating 
the occurrence of devitrification of the material. 
0220 Samples at compositions of 25:75 and 50:50 (w/w) 
crystallized at 6 hrs; sample at 75:25 (w/w) composition 
crystallized within 24 hrs while no evidence of crystallization 
was observed at 6 hrs or earlier. The decreased stability of 
Rifaximin/PVP K-90 dispersions in 0.1N HCl solution with 
increased PVP K-90 concentration may due to the high solu 
bility of PVP K-90 in the solution. 
0221 Irregular aggregates without birefringence/extinc 
tions were observed for dispersion prepared with HPMC-Pat 
t–0 hr, the initial time point when 0.1N HCl solution was just 
added into Solids. After 24 hrs, samples at compositions of 
25:75 and 50:50 (w/w) remained as non-birefringent aggre 
gates, indicating no occurrence of devitrification under the 
conditions examined. Evidence of crystallization was 
observed for sample of 75:25 (w/w) composition at 6 hrs. No 
birefringence/extinctions were observed for all of dispersions 
prepared with HPMC-AS HG and HPMC-AS MG after 24 
hrs, suggesting these samples are resistant to devitrification 
upon exposure to 0.1N HCl solution for 24 hrs. 
0222 For dispersions prepared with Eudragit L100-55, 
upon exposure to 0.1N HCl solution for 24 hrs, birefringent 
particles with extinctions were observed only in the sample at 
50:50 (w/w) composition. Considered that no evidence of 
crystallization was observed for dispersions of compositions 
at 25:75 and 75:25 (w/w), it is unknown whether such bire 
fringence was caused by some foreign materials or by crys 
talline Solids indicating the occurrence of devitrification. 

Stress in pH 6.5 FASSIF Buffer at 37° C. 
0223) An assessment of physical stability of dispersions 
prepared was also performed in pH 6.5 FASSIF buffer main 
tained at 37° C. X-ray amorphous Rifaximin material was 
also stressed under same condition for comparison. PLM 
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observations indicated that dispersions prepared from 
HPMC-AS HG and HPMC-AS MG display the highest 
physical stability under this stress condition. X-ray amor 
phous rifaximin-only material crystallized within 6 hrs, so did 
all rifaximin/PVP K-90 dispersions. For dispersions prepared 
with HPMC-P. birefringent particles with extinctions were 
observed in samples at 50:50 and 75:25 (w/w) compositions 
within 6 hrs, indicating the occurrence of devitrification in 
materials. No evidence of any birefringence/extinctions was 
observed in 25:75 (w/w) rifaximin/HPMC-P dispersion 
material after 24 hrs. No birefringence/extinctions were 
observed for all of dispersions prepared with HPMC-AS HG 
and HPMC-ASMG after 24hrs, suggesting these samples are 
resistant to devitrification upon exposure to pH 6.5 FASSIF 
buffer for 24 hrs. Rifaximin/Eudragit L100-55 dispersions at 
50:50 and 75:25 (w/w) compositions crystallized with 6 hrs 
while no evidence of crystallization was observed in the 
sample at 25:75 (w/w) composition after 24 hrs. 

Stress at 40° C./75% RH Condition 

0224. The samples including all the dispersions and X-ray 
amorphous rifaximin-only material were assessed for evi 
dence of crystallization based on observations by microscopy 
using polarized light. Each of the samples remained as irregu 
lar aggregates without birefringence/extinctions after 
stressed at 40° C./75% RH condition for 7 days. 
0225 Modulated DSC analyses were carried out on 
selected samples including 25:75 (w/w) rifaximin/HPMC-P, 
75:25 (w/w) rifaximin/HPMC-AS HG, 75:25 (w/w) rifaxi 
min/HPMC-AS MG, and 25:75 (w/w) Rifaximin/Eudragit 
L100-55 to inspect for evidence of phase separation after 
exposure to 40°C./75% RH for 7 days. All of samples display 
a single apparentTg at approximately 148°C. (FIG. 27.25:75 
(w/w) HPMC-P), 177° C. (FIG. 28, 75:25 (w/w) HPMC-AS 
HG) 152°C. (FIG. 29, 75:25 (w/w)HPMC-ASMG) and 140° 
C. (FIG. 30, 25:75 (w/w) Eudragit L100-55) respectively, 
indicating the components of each dispersion remained inti 
mately miscible after stress. Although crimped with manual 
pin-hole DSC pan was used, the release of moisture from 
sample upon heating can still be observed from non-revers 
ible heat flow signals. 

Stress at 60°C/Dry Condition 
0226 All the dispersions and x-ray amorphous rifaximin 
only material were also stressed at 60°C/dry condition for 7 
days and were assessed for evidence of crystallization based 
on observations by microscopy using polarized light. Each of 
the samples remained as irregular aggregates without bire 
fringence/extinctions after stressed at this condition for 7 
days. 

Rifaximin Solid Dispersions by Spray Drying 
0227 Based on the experimental results from screen, 
HPMC-ASMG and HPMC-P were used to prepare additional 
quantities of Solid dispersions at gram-scale by spray drying. 
The operating parameters used for processing are presented 
in Table 9. Based on visual inspection, both dispersions were 
X-ray amorphous by XRPD (FIG.31 and FIG. 36). 
Characterization of 50:50 (w/w) Rifaximin/HPMC-AS MG 
Dispersion 
0228 Characterization and results for the 50% API load 
ing HPMC-AS MG are summarized in Table 10. The sample 
was x-ray amorphous based on high resolution XRPD. A 
single Tg at approximately 154°C. was observed from the 
apparent step change in the reversing heat flow signal in 
mDSC with the change of heat capacity 0.4 J/g C. A non 
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reversible endotherm was observed at approximately 39°C. 
which is likely due to the residual solvent in the materials 
(FIG. 32). TG-IR analysis was carried out in order to deter 
mine volatile content on heating. TGA data for this material is 
shown in FIG. 34. There was a 0.5% weight loss up to ~100° 
C. A Gram-Schmidt plot corresponding to the overall IR 
intensity associated with Volatiles released by Solids upon 
heating at 20° C./min is shown in FIG. 33. There was a 
dramatic increase of intensity of released volatiles after ~8 
minutes, with a maximum at ~11.5 minutes. The waterfall 
plot (FIG. 34) and the linked IR spectrum (FIG. 35) are 
indicative of the loss of water loss up to -8 minutes then 
methanol and some unknown volatiles thereafter. This is con 
sistent with the dramatic change in the slope in the TGA and 
may indicate decomposition of material. 
Characterization of 25:75 (w/w) Rifaximin/HPMC-P Disper 
S1O. 

0229 Characterization and results for the 25% API load 
ing dispersion of HPMC-P are summarized in Table 11. Sol 
ids were x-ray amorphous based on high resolution XRPD 
(FIG. 36). By mDSC, there is a single Tg at approximately 
152°C. from the apparent step change in the reversing heat 
flow signal. The change of heat capacity is 0.4 J/g, C. (FIG. 
37). A non-reversible endotherm, which is likely due to the 
residual solvent in the materials, was observed at approxi 
mately 46° C. Volatiles generated on heating were analyzed 
by TG-IR. The total weight loss of sample was approximately 
1.5 wt % to 100° C. and the dramatic change in the slope 
occurs at approximately 178° C. (FIG. 38). The Gram 
Schmidt plot (FIG. 39) shows a small increase of intensity 
upon heating after -2 minutes, followed by negligible change 
of intensity until ~9 minutes. Then dramatic change of inten 
sity can be observed with a maximum at ~11 minutes, fol 
lowed by a final increase of intensity above ~12 minutes. As 
seen in the waterfall plot (FIG. 39), some volatiles were 
released during entire heating period (data is shown in FIG. 
40 using the linked IR spectrum at different time points as an 
example). The sample released water during entire heating 
period and methanol after ~9 minutes. 

Dispersions Miscibility Study by Multivariate Mixture 
Analysis 

0230. For Rifaximin/HPMC-AS MG dispersions pre 
pared by spray drying, a multivariate mixture analysis was 
performed using the XRPD data to examine the physical state 
of the components and inspect for evidence of miscibility. 
The analysis was done with MATLAB (v7.6.0) and Unscram 
bler (v. 9.8) and it was not performed under ccjMP guidelines. 
XRPD patterns of all the samples were truncated with their 
baseline corrected, and unit area normalized before analysis. 
The pre-possessed XRPD patterns are shown in FIG. 41. 
0231. In the analysis, Rifaximinand HPMC-AS MG were 
assumed to be separated phases (no miscibility) and the com 
positions of Rifaximin and HPMC-AS MG in each sample 
were estimated based on this assumption. As shown in FIG. 
42, the estimated ratios of Rifaximinto HPMC-AS MG based 
on pure separated phases did not agree with samples actual 
compositions, especially for the samples with high composi 
tions of HPMC-AS MG (low Rifaximin loading). Also, the 
calculated XRPD patterns for Rifaximinand HMPC-AS MG 
based on the assumption of separated phases (FIG. 43) com 
pared to actual experimental XRPD patterns for Rifaximin 
(FIG. 44) and HPMC-AS MG (FIG. 45) were generated. 
Although the calculated Rifaximin pattern is similar to its 
experimental pattern, the calculated HMPC-AS MG pattern 
is quite different from its experimental pattern. Both results 
suggest that Rifaximinand HPMC-AS MG are not separated 



US 2012/0077835 A1 

phases but miscible in the dispersions. The differences in the 
estimated and actual compositions are likely due to the inter 
action between Rifaximin and HPMC-AS MG. 

TABLE 1. 

Solid Dispersion Attempts for Rifaximin/PVP K-90 by Spray Drying 

Description 
(a,b) Habit Description Analysis Result (c) 

(25:75) Solids orange; XRPD X-ray amorph. 
PVP K-90 aggregates, irregular, mISC 185° C. (T. 

no B.E midpoint); 
0.3 J/g, C. (AC) 

(50:50) Solids orange; XRPD X-ray amorph. 
PVP K-90 aggregates, irregular, mISC 193° C. (T. 

no B.E midpoint); 
0.3 J/g, C. (AC) 

(75:25) Solids orange; XRPD X-ray amorph. 
PVP K-90 aggregates, irregular, mISC 197° C. (T. 

no B.E midpoint); 
0.3 J/g, C. (AC) 

(a): approximate ratio of Rifaximinto polymer, by weight; 
(b); samples stored in freezer over desiccant after prepared. 

TABLE 2 

Solid Dispersion Attempts for Rifaximin/HPMC-P by Spray Drying 

Description 
(a,b) Habit Description Analysis Result (c) 

(25:75) solids light orange; XRPD X-ray amorph. 
HPMC-P aggregates, mDSC 153°C. (T. midpoint): 

irregular, no B/E 0.4 J/g, C. (AC) 
(50:50) Solids orange; XRPD X-ray amorph. 
HPMC-P aggregates, mDSC 161° C. (T. midpoint); 

irregular, no B/E 0.4 J/g, C. (AC) 
(75:25) Solids orange; XRPD X-ray amorph. 
HPMC-P aggregates, mDSC 174° C. (T. midpoint): 

irregular, no B/E 0.4 J/g, C. (AC) 

(a): approximate ratio of Rifaximinto polymer, by weight; 
(b); samples stored in freezer over desiccant after prepared. 

TABLE 3 

Solid Dispersion Attempts for Rifaximin/HPMC-AS HG by Spray Drying 

Description 
(a,b) Habit? Description Analysis Result (c) 

(25:75) Solids light orange; XRPD X-ray amorph. 
HPMC-AS HG aggregates, irregular, mDSC 137° C. (T. 

no BE midpoint); 
0.4 J/g, C. (AC) 

(50:50) Solids orange; XRPD X-ray amorph. 
HPMC-AS HG aggregates, irregular, mDSC 154°C. (T. 

no BE midpoint); 
0.4 J/g, C. (AC) 
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TABLE 3-continued 

Solid Dispersion Attempts for Rifaximin/HPMC-AS HG by Spray Drying 

Description 
(a,b) Habit Description Analysis Result (c) 

(75:25) Solids orange; XRPD X-ray amorph. 
HPMC-AS HG aggregates, irregular, mDSC 177° C. (T. 

no B.E midpoint); 
0.3 J/g, C. (AC) 

(a): approximate ratio of Rifaximinto polymer, by weight; 
(b); samples stored in freezer over desiccant after prepared. 

TABLE 4 

Solid Dispersion Attempts for Rifaximin/HPMC-AS MG by Spray Drying 

Description 
(a,b) Habit Description Analysis Result (c) 

(25:75) Solids light XRPD X-ray amorph. 
HPMC-AS MG orange; mDSC 140°C. (T. midpoint): 

aggregates, 0.4 J/g, C. (AC) 
irregular, no B/E 

(50:50) Solids orange; XRPD X-ray amorph. 
HPMC-AS MG aggregates, mDSC 159° C. (T. midpoint): 

irregular, no B/E 0.4 J/g, C. (AC) 
(75:25) Solids orange; XRPD X-ray amorph. 
HPMC-AS MG aggregates, mDSC 177° C. (T. midpoint); 

irregular, no B/E 0.3 J/g, C. (AC) 

(a): approximate ratio of Rifaximinto polymer, by weight; 
(b); samples stored in freezer over desiccant after prepared. 

TABLE 5 

Solid Dispersion Attempts for Rifaximin/Eudragit L100-55 by Spray 
Drying 

Description 
(a,b) Habit? Description Analysis Result (c) 

(25:75) solids light orange; XRPD X-ray amorph. 
Eudragit L100-55 aggregates, mDSC 41° C. (T. 

irregular, no B/E midpoint); 
0.5 J/g, C. (AC) 

(50:50) Solids orange; XRPD X-ray amorph. 
Eudragit L100-55 aggregates, mDSC 59° C. (T. 

irregular, no B/E midpoint); 
0.3 J/g, C. (AC) 

(75:25) Solids orange; XRPD X-ray amorph. 
Eudragit L100-55 aggregates, mDSC 76° C. (T. 

irregular, no B/E midpoint); 
0.2J/g, C. (AC) 

(a): approximate ratio of Rifaximinto polymer, by weight; 
(b); samples stored in freezer over desiccant after prepared. 

TABLE 6 

Physical Stability Assessment in 0.1N HCl at 37° C. for Rifaximin and 
Rifaximin Dispersions Prepared in Methanol by Spray Drying 

Description (a) Time (b) 

(100:0) O 
Rifaximin 
only 6 hrs 

Results Habit? Description Analysis 

PLM agg., irr., no B/E 
agg., irr., no B/E 
agg., no B.E + a few B.E. particles 
clear view of B.E particles 

orange solids, no PLM 
liquid left 


































