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ABSTRACT

Rifampicin, an antibacterial drug, has been usdduestigate the influence of Supercritical Antigait (SAS) process
on the solid-state properties, crystal habit angimporphism of pharmaceutical compounds.

Dimethyl sulfoxide (DMSO), dichloromethane (DCMXedone, ethyl alcohol (EtOH), methyl alcohol (MeOldhd
ethyl acetate (EtAc) havseen employed as liquid solvents, and carbon déolkas been used as an antisolvent.

The effect of the different solvents on the crykadit has been studied using SEM (Scan Electron Biomy) images
of both processed compounds, the differences icystallinity and polymorphism have been analylsgdiifferential
scanning calorimetry (DSC). The x-ray diffractiorttpens of rifampicin revealed variations of crybtaty and crystal
orientations depending upon the solvent used. Tieete of SAS process parameters such as temperaar pressure
on the precipitated crystals were investigatedHersystem rifampicin/EtOH. Pressure did not affeetmorphology of
the precipitated rfampicin, nevertheless varyirgytdmperature to 40°C and 60°C the micronized powds modified
from hydrate to anhydrous. Anyway, the x-ray analghowed that there was no primary polymorphic ifieation
varying the operating conditions. In all the caS&sS processed crystals show more ordered appeararitte clean
surfaces compared with the unprocessed particles.
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1INTRODUCTION

A solid compound can exist in several crystallioenfs. Gross structural modifications such as pohpiism and

solvate formation is notably common for certainug® of drugs. Polymorphs are crystalline phasesagung the

same molecules or ions but having different confiitoms and/or packing arrangements in the solitts&olvates are
also crystalline phases and are formed when solvettcules are present in the crystal lattice, ilgadlo molecular
adducts with the host molecules. If the solventaser, the molecular adducts are termed hydrajes [1

Crystal habit is the external shape of a crystalidentical compound can have many crystal hahiestd the different
growth rate of each crystal surface. The habit deegeflect the internal structure of a crystalcistal that has an
identical internal space lattice can show differentstal habits. However, if a pharmaceutical coomabthat has a
single crystalline behaviour undergoes a habit figation, its bioavailability may be changed.

Medicinally active substances exhibit only rarelsirglecrystalline structure. Polymorphic forms can haamarkably

different physical properties including solubiliynd melting point resulting in different stabiliyd bioavailability of

drug products. If a mixture of polymorphs occursiipharmaceutical formulation, quantitative contriotrystallization

is needed to ensure a fixed proportion of formsaddition, solid-state recrystallization phenomemhich may have
conversion times of between seconds and yearshawi to be suppressed to maintain integrity dupiragluct shelf-

life.

Due to its complex structure, rifampicin exhibitslypmorphism and exists in two polymorphic forme, iform | and

form Il and an amorphous form. Morphology and ai/etbit of different rifampicin samples were stdlby different

authors [2,3]. Samples of form | and form Il hav®wn uniform rod like particles, whereas amorphfarsn was a

devoid of long range crystal lattice. Rifampicis@lexists as hydrates and various solvates, whiehteally convert
into amorphous form at room temperature or afteobiation [4].

Rifampicin has been already micronized by SAS teplen[5] using different solvents for the drug: Rithyl sulfoxide

(DMSOQ), dichloromethane (DCM), acetone, ethyl alqiEtOH), methyl alcohol (MeOH), and ethyl acetéE¢Ac).

In the experiments performed using NMP, MeOH andvD@fampicin was precipitated in form of tightlyetworked

nanoparticles, while using EtAc some millimeteragoneedlelike crystals were mostly obtained. UdgSO a

powder formed by small particles precipitated ie ttollection vessel. The comparison of RifampicinD{Ratterns

showed that Rifampicin was crystalline before pssasy and amorphous after SAS. This differencebkeas explained
by the authors considering the precipitation spbetl can characterize the SAS. The anstisolverdgsis very fast
compared to the crystal formation and does nowetle organization of the compound in a crystalfioren.



The aim of the work is to obtain crystals of differenorphologies using the SAS technique,then tifecebf SAS
micronization technique on the crystalline struetof rifampicin in terms e€rystal habit and polymorphisms will be
studied.

2 APPARATUS AND PROCEDURE

2.1 Apparatus

The SAS laboratory apparatus (figure 1) is locatetth@ University of Salerno (Italy) and consistsaof HPLC pump
equipped with a pulse dampener (Gilson, model 888} to deliver the liquid solution, and a diaphmaggh-pressure
pump (Milton Roy, model Milroyal B) to deliver superdagtl CO,. A cylindrical vessel with an internal volume of
500 cni and an internal diameter of 5 cm was used aspitaion chamber.

The liquid mixture was delivered to the precipitafmough a 20Qum i.d. stainless steel nozzle. Supercritical ,@s
delivered through another inlet port located onttpeof the chamber. Before entering the precipita€O, was heated
to the process temperature. The precipitation cleamias electrically heated using thin band heafestainless steel
frit located at the bottom of the chamber was ueearbllect the produced powder, but it allows tH@,@rganic solvent
solution to pass through. A second collection chambcated downstream and the micrometering valas used to
recover the liquid solvent. A backpressure valvgulated the pressure in this chamber. At the ekithe second
chamber a rotameter and a dry test meter are osewasure the Clow rate and the total quantity of antisolvent
delivered, respectively.

Details of the procedure of a SAS experiments leen given elsewhere [6,7].
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figure. 1. SAS laboratory apparatus

2.2 Materials

Rifampicin with a purity of 99.9% (Mw=822.94) waspplied by Sigma-Aldrich (ltaly). Ethyl alcohol (EtQH
with a purity of 99.9%, methyl alcohol (MeOH) witghpurity of 99.9%, ethyl acetate (EtAc) with a ppof 99.9% and
dichloromethane (DCM) with a purity of 99.9% wertgplied by Sigma-Aldrich (Italy). C£09.9% was given by SON
(Naples, ltaly). The approximate solubility in thdfetent solvents was measured by our researchpgend is
7 mg/mL in EtOH, 60 mg/mL in MeOH, 40 mg/mL in EtAc a® mg/mL in DCM. Untreated material was
crystalline.

2.3 Analytical methods

Samples of the powder precipitated on the methltievere observed by a Scanning Electron Microsc&eM) mod.
LEO 420. The SEM samples were covered with 250A af gsing a sputter coater (Agar model 108A).

The X-ray diffractogram of the powder sample wasorded on a BRUCKER D8 ADVANCE diffractometer
(BRUKER AXS) operating at 40 kV and 20 mA with Nitéred Cu Ka radiation operating at room tempegatilihe
range of 2 diffraction angle examined was 5-45°, the coumetifor each step was equal to 2 s/step, and thenstith
was 0.05° ().



Thermograms of rifampicin were recorded on a Difféied Scanning Calorimeter (Mettler Toledo, DSC TCWEA)

using Mettler Stare system. The temperature axiscatidconstant of DSC were previously calibratedhwindium

standard materials (melting point 156.6°C). A heatiate of 10°C/min was employed over a temperatmge of 25-
300°C with nitrogen purging (50 mL/min). Rifampicpowder sample (5+0.5 mg) was accurately weighed ant
aluminum pan and an empty aluminum pan was usadeference.

3 RESULTSAND DISCUSSION

In a recent work [8] it has been evidenced a @stiip between high pressure phase equilibria lEmdnbrphology of
SAS precipitated materials. Correlations betweenaiserved morphologies and the position of theqs® operating
point with respect to the mixture critical point Q&) have been established [9,10]. The morphologytlae dimensions
of SAS precipitates substantially can be correlatetiigh pressure VLEs of the ternary (liquid+sohsigpercritical
fluid) system and the correlation between the tgrisgstem and the corresponding binary systemef/@@ has been
proved in may cases. The most effective way to pi@te crystals is to choose the operative contio perform the
precipitation inside the miscibility hole of thenliry system solvent-G@pointL in figure 2).
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figure 2. Position of the operating points with respecti® miscibility hole at a fixed concentration of
solute

The aim of these preliminary experiments was therdehation of different crystal habit and polymoaipforms. The
untreated rifampicin has a crystal shape, witham@regular morphology (figure 3).

figure 3. SEM image of untreated rifampicin



Experiments using EtOH as solvent have been perfovaeging the operative conditions. The concentratid
rifampicin in EtOH has been 5 mg/mL (71% of the sation value).

The effect of the operative pressure has been stadi®0°C and the experiments have been performé@ds 130,
150 bar. Pressure affected the crystal habit optbduct, in particular at 130 bar spherical p&tichave been obtained
(figure 4b), at 150 bar two different crystal halibexisting in the same precipitate powder weoglyred (figure 4c).
From the DSC and the x-ray analysis, no differemza® been noticed in the micronized powder, tloeecthe pressure
did no affect the polymorphism of the micronizedmpicin.
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figure 4. SEM image of rifampicin precipitated from EtOH&R°C, 20 mg/ml and (a) 125 bar, (b)
130 bar, (c) 150 bar, (d) 150 bar 40°C

The effect of operating temperature has been stualiekb0 bar performing the experiments at 40°C GORC. By
decreasing the temperature, different crystals lhaes obtained (figure 4d), they are very thin lfemerystals joined
together in a rose-like shape. The DSC thermogsdraw that the micronized powder has a differennfoompared to
the untreated and that at 40°C the hydrated rifaimgias been produced. This result has been cadirby x-ray
analysis, indeed, the diffractograms in figure ®vwghthat there is no difference in the crystallineucture of the
particles precipitated by EtOH as solvent, neveetfethere are differences between the SAS micrieerder and
the untreated drug.
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figure5. DSC thermograms (left) and x-ray diffractogramgh() of rifampicin powders precipitated
from EtOH at different operative temperature
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In all the experiments performed using DCM as sulvéhe material has been extracted by,@@d no precipitates
have been collected.

From literature [5] we know that performing SAS gipitation using MeOH as solvent at 150 bar, 40t@lescent

nanoparticles have been obtained, therefore therements have been performed in MeOH at 150 bafC60
20 mg/mL (rifampicin/MeOH). The particles obtainkave the shape of lamellar crystals combined ig loeedles of

more than 20@m in length, as shown in figure 6a.
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figure 6. SEM image of rifampicin precipitated from (a) Me@H150 bar, 60°C, 20 mg/mL, (b) EtAc at
150 bar, 40°C, 20 mg/mL

The experiments in EtAc performed at 150 bar, 4@Cmg/mL (rifampicin/EtAc) produced particles oifferent
crystal habit compared to the one obtained usin@Merhomboidal flat crystals connected in long cisai

In the figure 7the DSC thermograms and x-ray diffractograms of pibevder precipitated by SAS using different
solvents and the untreated rifampicin are preserntbe micronized powder has a different crystallform when
compared to the untreated; indeed the x-ray pattbave neither the characteristic peak of the atddeform Il at
9,93° and 11,10°&®(figure 7) nor of the form | observed at 13.65 44d35° 3 [2,3]. The thermogram of the untreated
form Il shows melting endotherm at 180-197°C, imrataly followed by recrystallization exotherm torifiol at 197-
223°C, that is a characteristic of solid-liquididotransition. Finally, rifampicindecomposes at 247-266°C. This
behaviour is also noticed in the micronized rifachpiwith some differences in the pattern below IBOWe
hypothesize that the form Il was modified to theresponding hydrated and solvate forms. Rifampprecipitated
from EtOH shows a dehydration endotherm at 102-C50fich is characteristic of the monohydrate fgdin instead,
rifampicin precipitated from MeOH shows the dehyidraendotherm at 50-113°C. The latter peak mighatiributed
to a dehydrate form, this interpretation is or sapgd by the peak at 5.786 i the diffractogram in figure 7.
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figure 7. DSC thermograms (left) and x-ray analysis (rigift)ifampicin powders precipitated from
different solvents

4 CONCLUSIONS

Using SAS technique and performing the precipitatioom liquid phase different forms of rifampicirave been
obtained. They were achieved by varying the soheemt the operative conditions of the process. Biffe solvents
have affected the crystal habit of the precipitapadticles, moreover secondary polymorphic varatimve been
noticed. The DSC and x-ray analysis confirmed theihg EtOH and MeOH as solvents hydrated forms Hmeen
obtained, maybe due to the tendency of the alcotwlabsorb humidity. The dehydration endothermhaf DSC
thermograms showed that water is linked in a difieway, in the case of EtOH it is a monohydrate iarthe case of
MeOH a dihydrate. This observation was confirmedhgyx-ray diffractograms.

Using EtOH as solvent, no effect of pressure onfiti@ morphology has been noticed, neverthelesseasing the
temperature, rifampicin was not precipitated in tiyelrated form, but the precipitate was anhydrdwmisll cases the
crystals obtained showedclean surface and the structure is revealeddasimed shape, whereas untreated material is
characterized by irregular crystals of undefinedpgh The results obtained are promising for furtheestigation on
the possibility to producdifferent polymorphic forms usin§AS technique.

REFERENCES

[1] G.G.Z. Zhang, D. Law, E.A. Schmitt, Y. Qiu, “Bée transformation considerations during procegsldement and
manufacture of solid oral dosage forms”, Adv. DRgJ. Rev., 56(2004) 371.

[2] G. Pelizza, M. Nebuloni, P. Ferrari, G.G. GallBolymorphism of rifampicin”, Farmaco, 32(1977)4

[3] S. Agrawal, Y. Ashokraj, P.V. Bharatam, O. Rill R. Panchagnula, “Solid-state characterizatibmifampicin

samples and its biopharmaceutic relevance”, EBhdrm. Sci., 22(2004) 127.

[4] S.Q. Henwood, W. Liebenberg, L.R. Tiedt, A.Ratter, M.M. De Villiers, “Characterization of thelsbility and

dissolution properties of several new rifampicidypworphs, solvates, and hydrates”, Drug Dev. Irftarb., 27(2001)
1017.

[5] E. Reverchon, |I. De Marco, G. Della Porta, ‘@ifpicin microparticles production by supercriticaitisolvent
precipitation”, Int. J. Pharm., 243( 2002) 83.

[6] E. Reverchon, G. Della Porta, A. Di Trolio, Bace, “Supercritical Antisolvent Precipitation oambparticles of
Superconductor Precursors”, Ind. Eng. Chem. R&§1998) 952.

[7] E. Reverchon, C. Celano, G. Della Porta, A.Tbolio, S. Pace, “Supercritical antisolvent pret@fion: A new
technique for preparing submicronic yttrium powdersmprove YBCO superconductors”, J. Mater. R&8(1998)
284.

[8] E. Reverchon, Editor, “Supercritical Fluids aftheir Applications”. (Collection of Papers based the 6th
Conference held in Maiori, Italy 9-12 September200. Supercrit. Fluids, 2003; 26(1).

[9] E. Reverchon, G. Caputo, I. De Marco, “RoleRifase Behavior and Atomization in the Supercrithatisolvent
Precipitation”, Ind. Eng. Chem. Res., 42(2003) 6406

[10] E. Reverchon, |. De Marco, “Supercritical aotivent micronization of Cefonicid: thermodynarmiterpretation of
results”, J. Supercrit. Fluids, 31(2004) 207.



