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a Université de Toulouse, Mines Albi, CNRS, Centre RAPSODEE, Campus Jarlard, F-81013 Albi CT cedex 09, France
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a b s t r a c t

Many existing and new drugs fail to be fully utilized because of their limited bioavailability due to poor
solubility in aqueous media (BCS drug classes II and IV). In this work, for accelerating dissolution of this
kind of poorly water-soluble drugs, an antisolvent precipitation method that does not require the use of
conventional volatile organic solvents is proposed. To demonstrate this technique, ultrafine particles of
rifampicin were prepared using a room temperature ionic liquid (1-ethyl 3- methyl imidazolium
methyl-phosphonate) as an alternative solvent and a phosphate buffer as an antisolvent.

Rifampicin solubility was measured in various solvents (1-ethyl 3-methyl imidazolium methylpho-
sphonate, water and phosphate buffer), showing the RTIL good solvency for the model drug: rifampicin
solubility was found to be higher than 90 mg/g in RTIL at 30 1C and lower than 1 mg/g in water at 25 1C.
Additionally, it was demonstrated that introduction of rifampicin solution in 1-ethyl 3- methyl
imidazolium methyl-phosphonate into the aqueous solution antisolvent can produce particles in the
submicron range with or without hydroxypropyl methylcellulose as the stabilizer. The ultrafine
particles (280–360 nm) are amorphous with enhanced solubility and faster dissolution rate. To our
knowledge, this is the first published work examining the suitability of using RTILs for ultrafine drug
nanoparticles preparation by an antisolvent precipitation process.

1. Introduction

It is estimated that a significant proportion of drugs in the
market are poorly soluble in water, and it is expected that this will
be even more pronounced in the future [1,2]. Formulation of poorly
water-soluble drugs is a challenge in pharmaceutical field because
typical problems associated with this class of compounds are a too
low oral bioavailability and erratic absorption [3–5]. Among the
many factors that influence oral drug absorption, solubility in water
and physiological media as well as intestinal permeability are keys
for determining the fraction of dose absorbed.

Dissolution is considered the rate limiting step to drug absorp-
tion for some poorly soluble drugs, especially those with high
intestinal permeability. Dissolution kinetics may be increased by
reducing the particle size to increase the surface area [6], by coating
drug particles with hydrophilic surfactants to enhance wetting and
solvation by intestinal fluids [7–9], formation of solid dispersions
[10,11] and the transformation of crystalline drug to amorphous
state [12].

With regard to the Noyes–Whitney and Ostwald–Freundlich
equations, size reduction can offer increased dissolution and
solubility characteristics [13]. Many approaches have been
attempted to reduce particle size, including mechanical micro-
nization [14], supercritical fluid technique [15] and controlled
antisolvent precipitation [16].

The mechanical micronization methods need high-energy input
and show some disadvantages in practice such as electrostatic
effects, broad particle size distributions, thermal degradation, con-
tamination and reproducibility problems among different batches
[17]. The reduction of particle size based on the use of supercritical
antisolvents (SAS) has been suggested during the past years as an
alternative to traditional liquid antisolvent processes. In this pro-
cess, supercritical fluids substitute the liquid antisolvent to induce
the precipitation of microparticles with controlled diameter and
particle size distribution. Supercritical fluid technique is believed to
be an attractive method for size reduction, providing particles with
narrow size distribution. However, it also has the limitations of low
yield and high equipment cost [18].

Antisolvent precipitation process is a promising technique to
prepare ultrafine drug particles [17,19]. The basic principle is that
the drug is dissolved in a solvent; the solvent solution is then mixed
with an antisolvent (in which the drug is insoluble). The drug
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precipitates as a consequence of the change of supersaturation
caused by mixing the solution and the antisolvent. The key
for producing ultrafine particles by antisolvent precipitation
is to create conditions that favor very rapid particle formation
and little or no particle growth. The technique presents some
advantages, in that it is a straightforward method, rapid and easy
to perform. It has been successfully used to prepare several
drugs, such as budesonide [20], danazol [21], beclomethasone
dipropionate [18], prednisolone [22], atorvastatin [23], griseofulvin
and fenofibrate [24].

However, one technological limitation associated with this
technology is that the drug must be soluble enough in a solvent.
New drugs (for the most part) lack sufficient solubility in water or
even in organic solvents. Typical organic solvents that have been
used are dimethyl sulfoxide (DMSO) or acetone. Their use is not
fully recommended due to reasons such as solvent toxicity,
limitation of a very low residual content in the precipitated solid
and environmental aspects (solvent/antisolvent separation and
solvent recycling).

RTILs (room temperature ionic liquids) are organic salts, which
are liquid at ambient room temperature. They are composed of
ions comprising of a relatively large asymmetric organic cation
(e.g. alkyl pyridinium, dialkyl imidazolium ions) and an inorganic
or organic anion (e.g. halide, hexafluorophosphate, tetrafluorobo-
rate and ions based on fluorinated amides). The asymmetry of
the cation is responsible for low lattice energies of RTILs and their
liquid state at ambient conditions. The overall properties of the
RTILs depend on those of their substituent cations and anions, and
RTILs with a wide variation in acidicity, basicity, hydrophilicity/
hydrophobicity and water miscibility have been reported [25].

Recently, RTILs were found to be good solvents for some model
poorly water-soluble drugs such as albendazole and danazol [26]. In
this work, an RTIL based on 1-ethyl-3-methylimidazolium cation
was firstly investigated as an alternative solvent for rifampicin, a
poorly water-soluble drug. Rifampicin, C43H58N4O12, is a class II drug
of Biopharmaceutical Classification System (BCS), where rate and
extent of dissolution are critical for optimum bioavailability [27–29].
A second objective of this work was to prepare rifampicin ultrafine
powder via antisolvent precipitation process in order to improve its
solubility and dissolution kinetics. An aqueous solution has been
chosen as an antisolvent.

2. Materials and methods

2.1. Materials

The raw rifampicin (coded RIFA) was obtained from Luohe
Nanjiecun Pharmaceutical (Group Pharmacy China) and used
without further purification.

Two reference polymorphic samples of rifampicin (forms I and II)
were provided by Farmanguinhos Pharm. Laboratory, coded RIFA1
and RIFA2, respectively. The reference samples are commercial
samples that were selected and characterized (X-ray diffraction,
differential scanning calorimetry and hot-stage microscopy) for
Farmanguinhos research use.

RTIL 1-ethyl 3-methyl imidazolium methyl-phosphonate (498%
pure) was obtained from Solvionic (Toulouse, France), its melting
point is lower than 255 K and it was used as received.

The structural formulas of both rifampicin and 1-ethyl
3-methyl imidazolium methyl-phosphonate are given in Fig. 1.

Sodium hydroxide (NaOH) and potassium dihydrogen phos-
phate (KH2PO4) were of analytical grade, obtained commercially
and used to prepare the phosphate buffer (pH 6.8). Hydroxypro-
pyl methylcellulose (HPMC) of low viscosity grade was used as an
additive in the process.

2.2. Methods

2.2.1. Determination of solubility
The solubility of rifampicin in different solvents (water, RTIL,

phosphate buffer with a pH equal to 6.8) or mixtures of solvents
(mixture of RTIL and phosphate buffer) was determined according
to the following procedure: agitated solutions, containing an
excess of solid, are maintained at controlled temperature
(3072 1C for pure IL and 2572 1C for the others) and atmo-
spheric pressure. According to the experiment, after 24 h (for pure
solvents) or 56 h (mixture of solvents RTIL/phosphate buffer), the
agitation was stopped to settle the mixture and the supernatant
was filtered through a 0.2 mm membrane filter (Acrodisc PSF GHP,
Millipore, Bedford, MA, US). An aliquot of the filtered liquid was
adequately diluted and assayed spectrophotometrically (UV–vis
Diode-Array spectrophotometer HP 8452A) at wavelengths of
333 nm (for aqueous phase) and 482 nm (for RTIL) to evaluate
the amounts of drug dissolved. Different RTIL/phosphate buffer
ratios (1:5; 1:10; 1:20 and 1:100% w/w) were used. Experiments
were conducted in duplicate.

Preliminary experiments were carried out to select the
antisolvent for rifampicin to be used in the antisolvent process.
Water was the first choice, however the results obtained con-
firmed the chemical degradation of this molecule (very sensitive
to acidic pH conditions) in an RTIL/water system. Phosphate
buffer (pH 6.8) was thus selected in the final phase of the previous
experiments (not shown here).

The solubility data were used to estimate the theoretical
efficiency of the process as a function of RTIL/phosphate buffer
ratios. Theoretical solid efficiency is the theoretical solid yield of
precipitation based on the drug solubility in the liquid media,
calculated from the ratio of weight particles and the initial weight
of solute.

2.2.2. Preparation of ultrafine rifampicin
The experimental procedure for the preparation of ultrafine

rifampicin is schematized in Fig. 2. Briefly, raw rifampicin (RIFA)
was dissolved in RTIL at 3072 1C to give an RTIL solution
containing 90 mg rifampicin/g solution. Afterwards, this solution
was poured into a stirred phosphate buffer solution at 2572 1C
(1 L vessel). Particles were formed immediately. After stirring
for a pre-determined time (0.5 h or 4 h), the solid particles
were recovered by centrifugation and washed with phosphate
buffer. The procedure was repeated and the rifampicin particles
were then rinsed with deionized water in the final washing step.
The solid was dried in vacuum oven at 50 1C for 24 h.

In some experiments, hydroxypropyl methylcellulose (HPMC)
was used as a hydrophilic agent to control the particle morphol-
ogy and inhibit particle agglomeration. Briefly, HPMC was added
to 100 mL phosphate buffer (0.1 or 0.5 wt%).

Fig. 1. Chemical structure of drug and solvent used in this study. (a) drug model
(rifampicin); (b) solvent RTIL (cation: 1-ethyl-3-methylimidazolium; anion: methyl-
phosphonate).



2.2.3. Characterization of products

2.2.3.1. Particle size analysis. Particle size analysis was applied to
RIFA sample by laser diffractometry using a Mastersizer 2000
(Malvern Instruments, UK). Photon correlation spectroscopy (PCS)
using a Zetasizer 3000HS (Malvern Instruments, UK) was used to
measure the particle size of rifampicin powder after processing.
Before analysis, RIFA and precipitated samples were adequately
diluted (mineral oil or 0.1 w/v% HPMC in water) to obtain an
appropriate obscuration.

2.2.3.2. Scanning electron microscopy (SEM). SEM analysis was
used to examine the surface structure and shape of the drug
particles and also to verify qualitatively the particle size obtained
from the particle size analysis. An Environmental Scanning
Electron Microscope-Field Emission Gun microscope (Philips
XL30 ESEM-FEG, FEI Company) was used to record SEM-
pictures. The samples were fixed on an SEM stub using double-
sided adhesive tape and coated with a thin layer of gold in a
SC7640 sputtering device (Polaron).

2.2.3.3. X-ray diffraction studies (XRD). Powder X-ray diffraction
measurements were performed by using a Philips X’Pert X-ray
diffractometer (PANanalytical). CuKa radiation with a wavelength
of 1.5425 Å at 40 mA and 40 kV was used. The diffraction patterns
were collected in an angular range of 51 to 601—2y with a step
size of 0.21. The time counting was 15 s per step.

2.2.3.4. Differential scanning calorimetry (DSC). The phase transition
of samples was analyzed by differential scanning calorimeter (Q200,
TA Instruments) operating in a temperature range of 20–300 1C at a
heating rate of 10 1C/min. A dry nitrogen purge of 80 mL/min was
employed in the process. Calibration of the instrument with respect
to temperature and enthalpy was achieved using high purity standard
of indium.

2.2.3.5. Purity. Fifty milligrams of rifampicin was solubilized in
20 g of DMSO (initial concentration 2.5 mg/g). The sample
was adequately diluted and assayed spectrophotometrically (UV–vis
Diode-Array spectrophotometer HP 8452A) at wavelength of 482 nm

to evaluate the amounts of drug dissolved. All experiments were
carried out in duplicate. The purity is the ratio between the measured
concentration and the initial concentration.

2.2.3.6. Water content. The water content was determined using
Infrared balance (LJ16, Mettler) at 100 1C until constant weight
was achieved.

2.2.3.7. HPLC instrumentation and conditions. The HPLC system
comprised an Agilent 1100 with auto-sampling system, column
oven, integrated solvent and sample management configuration
(Agilent). The mobile phase consisted of a 25.5:17.5:5:1:1 (v/v)
mixture of water, acetonitrile, phosphate buffer, sodium perchlorate
0.5 M and citric acid 1 M solutions. The column USP category L7
(Prontosil 120-5-C8-SH 5 mm 100 mm"4.6 mm) was maintained at
room temperature and equilibrated for minimum of 60 min with
the analytical mobile phase before injection. The injection volume
was 50 mL, and the mobile phase was pumped isocratically at a flow
rate of 1.5 ml/min. The effluent was monitored at 280 nm.

2.2.3.8. Dissolution testing. Dissolution of drugs was performed
according to the USP XXV type II (paddle) method (DT60
dissolution apparatus, ERWEKA). The rotation speed of paddle
was set to 100 rpm and the bath temperature was kept at
37.070.5 1C. Fifty milligrams of drug powder was put into the
vessel containing 900 ml of water. At specific intervals, 5 ml
aliquot of the dissolution medium was sampled, filtered (pore
size 0.45 mm) and assayed spectrophotometrically (UV–vis Diode-
Array spectrophotometer HP 8452 A) at wavelength of 333 nm to
evaluate the amounts of drug dissolved.

3. Results and discussion

3.1. Characterization of raw rifampicin

A sample of commercially available powder of rifampicin
(coded RIFA) and two reference samples of rifampicin (poly-
morphic forms I and II coded RIFA1 and RIFA2, respectively) were
characterized by DSC and X-ray diffraction analysis. The analysis
of the two reference samples aims at facilitating the chemical
identification of the RIFA sample, which was used in the
antisolvent precipitation process. This commercially available
powder has a purity of 99.1170.95% and a water content of
1.82 w/w%, which have been experimentally determined.

Fig. 3 shows DSC thermograms for all rifampicin samples. The DSC
thermogram of RIFA shows an endothermic process close to 190 1C
and a small exotherm around 208 1C (maximum peak temperatures).
A second exotherm probably due to decomposition is observed at
259 1C. Although glass transition (Tg) is not detectable in the y-axis
scale values of the graph compared to the other peak temperatures, a
Tg occurred around 138 1C. It could correspond to the glass transition
that occurred in an amorphous region of RIFA sample.

Moreover, the general appearance of the DSC thermograms of
the two reference samples was the same as that for samples of
polymorphic forms I and II described in the literature, although
slight differences in peak sizes and positions were observed
[30,31]: RIFAF1 (form I) directly decomposes at 267 1C, whereas
RIFAF2 (form II) shows a melting endotherm at 196 1C immedi-
ately followed by re-crystallization to form I at 207 1C, which is a
characteristic of solid–liquid–solid transition and finally decom-
poses at 255 1C.

In order to further confirm the physical state of the raw
material and the reference samples, XRD analysis was performed.
Although the XRD patterns were collected in an angular range of
51 to 601—2y, the angular range of 51 to 301 was sufficient to

Rifampicin + ionic liquid

Dissolved rifampicin +
antisolvent

Centrifugation

Washing
(phosphate buffer; water)

Filtration and drying

Drug
solubilisation

Re-crystallisation

Solid-liquid
separation

Washing
operation

Dry re-crystallised 
drug

Fig. 2. Scheme of the experimental process to prepare ultrafine rifampicin.



allow the identification of characteristic peaks of forms I and II
(see Fig. 4). Characteristic peaks for form I were observed at
13.651 and 14.351 2y, whereas form II exhibited diffraction peaks
at 9.931 and 11.101 2y. It can be seen that these four peaks were
also present in the XRD patterns of the RIFA sample.

Based on the literature data and on the DSC and XRD analysis
shown here for the RIFA sample, we concluded that the powder
used in the antisolvent precipitation study was a mixture of forms
I, II and amorphous rifampicin. However, it was not possible to
discern the presence of an amorphous region in the crystalline
polymorphous mixture (forms I and II) from XRD analysis (no
broad halo). The crystalline phases probably represent the most
part of this sample.

3.2. Solubility studies

3.2.1. Solvency of RTIL
The solubility of the raw rifampicin in the chosen RTIL is

higher than 90 mg rifampicin/g RTIL. However, the equilibrium
solubility data could not be determined due to the gel occurrence
for higher rifampicin concentrations in this RTIL solvent.

As anticipated, the RTIL proved to be a good solvent for rifampicin,
compared to other solvents (literature data summarized in Table 1).

For drug dissolution to occur, the energy generated by solute–solvent
interactions must be greater than the energy needed for solute and
solvent to separate. The levels of solubility observed for this drug
indicate appreciable rifampicin/(1-ethyl 3-methyl imidazolium
methyl-phosphonate) interactions.

3.2.2. Solubility of raw rifampicin in different RTIL/phosphate buffer
combinations

Fig. 5 depicts the results obtained in the solubility experi-
ments, including the theoretical solid efficiency. It can be seen
that the solubility of rifampicin decreases rapidly with the
addition of phosphate buffer to the RTIL/phosphate buffer solu-
tion. Solubility of rifampicin in phosphate buffer was found to be
around 1 mg/g. It can also be seen that a RTIL/phosphate buffer of
16.7% is still favorable for the precipitation process, resulting in a
recovery of 79.6% of rifampicin based on the drug solubility in the
liquid media.

3.3. Antisolvent crystallization

3.3.1. Process efficiency
Experiments of antisolvent precipitation of rifampicin were

carried out with different solvent-to-antisolvent mass ratios and
different crystallization times, as summarized in Table 2. The process
condition named ‘‘instantaneous’’ corresponds to the experience

Fig. 4. X-ray diffraction patterns of form I (RIFAF1), form II (RIFAF2) and the raw
rifampicin sample (RIFA).

Table 1
Solubility of rifampicin in different solvents.

Solvent Solubility
(mg/ml)

Classification Reference Obs

Soybean oil 45.4 – [29] At 30 1C
Isopropyl

myritate
10.0 – [29] At 30 1C

Isopropyl
palmitate

6.6 – [29] At 30 1C

Ethyl oleate 6.3 – [29] At 30 1C
Tween 80 22.0 – [29] At 30 1C
Tween 20 20.1 – [29] At 30 1C
Methyl alcohol 60 Soluble [32,33] At room temp.
Ethyl acetate 40 Soluble [32,33] At room temp.
N-methyl

2-pyrrolidone
80 – [32] At room temp.

Dichloromethane 60 – [32] At room temp.
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Fig. 3. DSC thermograms of the raw rifampicin (RIFA) compared to reference
rifampicin samples, form I (RIFAF1) and form II (RIFAF2).



where the crystals were washed and dried immediately after pouring
the rifampicin/RTIL solution into the antisolvent.

Theoretically, at the end of the experiments carried out in this
study, a recovery of 79.6% and 68.2% of rifampicin could be expected
for the ratio RTIL:phosphate buffer of 1:5 and 1:10, respectively
(kinetics not considered). The lower efficacy for a process carried out
with a higher amount of antisolvent (RTIL:phosphate buffer of 1:10)
can be explained by a dilution effect, considering that the rifampicin
solubility in both ratios is very close.

At each step of the process, the amounts of the solid or liquids
used or produced were strictly controlled (precipitated solids,
solution preparations, empty vials and filters). The mass losses
due to the transfer operations of solid or liquids during the
antisolvent crystallization process were quantified. The closure
of the mass balance of rifampicin (total amount of solid þ solute
recovered/amount of solid dissolved) in all of the experiments
was greater than 86%.

In practice, at the end of the experiments, a solid efficiency of
40–50% as the final product of the antisolvent precipitation
process was obtained. The difference compared to the maximum
theoretical recovery (68.2–79.6%) was mainly due to the drug loss
during the washing steps.

3.3.2. Product characterization
Purity and water content. The powder obtained is characterized

by purity ranging from 93% to 108%, very close to the United
States Pharmacopea recommended range of 95–103% (USP 29
monograph). The water content ranged from 6% to 11% (dry basis)
as shown in Table 2, which is much higher than that in the raw
rifampicin before processing (1.82%) probably due to the operat-
ing conditions during the drying step.

Morphology and particle size. Fig. 6 shows SEM images of
rifampicin powders. The precipitated powder (Figs. 6a and b) is
constituted by micron-large aggregates. However, the SEM
images show that the aggregates are composed of a large number
of individual submicron particles. Particle size and polydispersity
index of these individual submicron particles were determined by
photon correlation spectroscopy. Average particle sizes of pre-
cipitated powders obtained from Experiment numbers 3, 6 and 7
(see Table 2) were found to be 283, 310 and 353 nm, respectively.
Polydispersity index were found to be 0.19 for Experiment 3, 0.82
for Experiment 6 and 0.45 for Experiment 7.

Before processing, the average particle size of raw rifampicin
(Fig. 6c) was about 325 mm with a wide particle size distribution
(40–712 mm). Evidently, the particle size of the nanosized
rifampicin is significantly smaller and more uniform than that
of the raw drug, which should be more beneficial for enhancing
bioavailability.

XRD analysis. The solid structures of the nano-sized rifampicin
were studied by means of XRD analysis. The resulting profiles are
shown in Fig. 7. The crystalline peaks were not found in the
diffraction patterns of the samples, demonstrating that all pre-
cipitated nanosized rifampicin samples were amorphous. It is
believed that poorly water-soluble pharmaceuticals with lower
crystallinity and smaller size usually exhibit higher dissolution
rate and bioavailability. Accordingly, the decrease in crystallinity
and the size reduction of the precipitated particles are expected to
improve the rifampicin dissolution rate and bioavailability.

3.3.3. Dissolution studies
Aqueous dissolution rates have been correlated to the in vivo

performance of drug delivery systems. The in vitro release profiles
of raw rifampicin and nanosized rifampicin are compared in
Fig. 8.

Table 2
Antisolvent crystallization process conditions and product characteristics.

Experiment
number

Purity
(w/w%)

Water
content
(%)

Process conditions

RTIL/
phosphate
buffer

HPMC
(%)

Crystallization
time before
sampling (h)

1 93.173.4 6.9 1:10 0 0.5
2 107.773.8 8.9 1:10 0 4
3 96.172.0 7.0 1:5 0 4
4 98.4n 7.5 1:5 0 4
5 95.171.7 6.8 1:5 0 instantaneously
6 90.773.0 6.0 1:5 0.1 4
7 97.870.9 11.0 1:5 0.5 4

n n¼1.

Fig. 6. SEM images of rifampicin powders. (a) Precipitated powder obtained
without any stabilizer (experiment 1); (b) precipitated powder obtained with a
stabilizing agent in the antisolvent (experiment 2); (c) RIFA (raw rifampicin).



From the dissolution kinetic curves, it can be seen that the
innovative method proposed in this study for drug precipitation
from a RTIL solution seems to be an interesting way to improve
the dissolution of the commercial crystals of rifampicin. The mass
proportion between the solvent and the antisolvent could be the
parameter to be adjusted to enhance dissolution of the nanosized
powder. This statement is suggested by the higher drug dissolu-
tion rate obtained with RTIL:phosphate buffer of 1:5 in compar-
ison to that obtained with a RTIL:phosphate buffer of 1:10 for the
same process duration (4 h).

In addition, after being immersed for approximately 20 min
into the dissolution medium, the nano-sized drug particles
‘‘instantaneously recovered’’ dissolved faster than those recov-
ered after 4 h under agitation, probably due to a lower degree of
particle agglomeration.

To sum up, after 45 min, nearly 55% of the nanosized rifampi-
cin was dissolved, while only 30% of the raw drug dissolved at
that time. The increase in drug dissolution rate can be explained,
in part, by the reduced particle size and by the enhanced specific
surface area (in spite of the negative agglomeration effect).

It could also be verified in this study that the solubility
(saturation concentration) of raw rifampicin and nanosized pre-
cipitated particles at 2572 1C was 0.72 mg/g and 0.94 mg/g,
respectively. Reducing the particle size down to the submicron
range and solid state amorphisation increase the solubility of
rifampicin by 30%.

3.3.4. Antisolvent crystallization with the addition of stabilizers
During the antisolvent precipitation process without any stabi-

lizer, it was observed that the resultant nanosized particles of
rifampicin tended to agglomerate together during precipitation.

Adsorption of polymeric excipients and surfactants to the
surface of the newly formed particles can hinder their agglom-
eration through steric or electrostatic stabilization of the formed
suspension [34,35]. This effect is predominant when the particles
are smaller than 1 mm. To reduce this problem, hydroxypropyl
methylcellulose (HPMC) was added to the antisolvent.

Although no differences in mean particle size, morphological
aspects or physical state were observed among rifampicin parti-
cles formed with or without HPMC in the process, a significant
difference was found on their dissolution kinetics (see Fig. 9). In
fact, HPMC is a semi-synthetic ether derivative of cellulose that is
widely used in many fields [36]. When present in the aqueous
solution it may absorb on the surface of the formed hydrophobic
drug particles to inhibit particle growth and aggregation as
already reported [23]. The absorption of HPMC molecules on the
surface of the nanosized particles of rifampicin freshly formed
probably limits their agglomeration in the precipitation medium,
as schematized in Fig. 10.

3.3.5. Dissolution time and drug amount released
The United States Pharmacopeia (USP) requires the dissolution

of 80% of rifampicin within 45 min (Q45) for an immediate release
of oral solid dosage containing rifampicin. In our case, we
performed powder dissolution as a mean to extrapolate this study
for pure rifampicin powder in aqueous media. For the calculation
of Q45 (drug amount released after 45 min in the dissolution
medium) and t50% (time to dissolve 50% of the drug), dissolution
results were applied to the equation of Hixson–Crowell cube-root

Fig. 7. Powder X-ray diffractograms of rifampicin powders. RIFA: raw rifampicin;
experiments 1 to 7 precipitated from RIFA.

Fig. 8. Dissolution kinetic curves for rifampicin powders (testing conditions:
water at 37 1C). RIFA: raw rifampicin; experiments 2 to 5 precipitated from RIFA.

Fig. 9. Dissolution kinetic curves for rifampicin powders (testing conditions:
water at 37 1C). RIFA: raw rifampicin; experiments 1, 3, 4 and 6 precipitated
from RIFA.

HPMC rifampicin

water

stirring

HPMC rifampicin

water

Fig. 10. Absorption of HPMC on the surface of rifamicin nanosized particles
(modified from [23]).



kinetic model (Eq. (1)), which is widely used by linearization of
the dissolution profiles [37]

ð1%Mt=M0Þ1=3 ¼ 1%kt ð1Þ

where k is the kinetic constant (s%1), Mt is the mass of rifampicin
dissolved in time t and M0 is the initial rifampicin mass in the RTIL
solution. This model [38] describes the release from dosage forms,
which show dissolution rate limitation and which do not drama-
tically change during the release process.

The dissolution data was plotted in accordance with Hixson–
Crowell cube root law (correlation coefficient40.997) to deter-
mine the constant k. Although no real differences were observed
between particle size and morphology of the precipitated pow-
ders, the data shown in Table 3 indicate that HPMC improves the
dissolution kinetics of the nanosized rifampicin powder to the
acceptable level required in USP (Q45480%).

4. Conclusion

An innovative antisolvent precipitation method using RTIL
(1-ethyl 3-methyl imidazolium methyl-phosphonate) as solvent
for poorly water-soluble drugs such as rifampicin (BCS drug class
II) was developed. The process can represent a simple and
effective approach to produce submicron particles of poorly
water-soluble drugs such as rifampicin, with a level of dissolution
compliant to the United States Pharmacopeia. The next steps are
to optimize the separation steps (solids separation, drying and
solvent recycle), to better understand the RTILs solvency mechan-
ism for rifampicin and to go deeply into the characterization of
the physical state of the solid products.

Finally, the process proposed in this study will be applied to
other BCS drugs (class II) to improve their solubility and dissolu-
tion kinetics in biorelevant media.
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