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Abstract

The supercritical antisolvent (SAS) technique was used to prepare ethyl cellulose/methyl cellulose blends, two biocompatible polymers commc
used as drug carriers in controlled delivery systems. Ethyl cellulose is widely used as a drug carrier. The drug release of the delivery devices
be controlled to some extent by addition of a water-soluble or water swellable polymer, such as methyl cellulose. This leads to the solubil
enhancement of poorly water-soluble molecules. SAS experiments were carried out at different operational conditions and microspheres with im
diameters ranging from 5 to 30m were obtained. The effect of G@nd liquid flow, temperature and pressure on particle size and particle size
distribution was evaluated. The microspheres were precipitated from a mixture of dichloromethane (DCM) and dimethylsulfoxide (DMSO) (4
ratio). The best process conditions for this mixture were according to our studyaid 80 bar.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction enhanced to some extent by addition of a water-soluble or water
swellable polymer, such as methyl celluloddagdbook of
The importance of biocompatible and biodegradable polyPharmaceutical Excipients, 2003n order to gastrointestinal
mers is continuously increasing in pharmaceutical applicationgjuids permeate through the polymeric matrix and dissolve the
namely to prepare new controlled drug delivery systemslrug enabling it to diffuse out at a rate dependent on the physic-
(Shariati and Peters, 2003 or such systems size and mor- ochemical properties of both the drug and the matrix, a water
phology of the polymer matrix assumes an extremely importaninsoluble polymer (e.g. ethyl cellulose) needs to be combined
role in the drug release and pharmacokinetics. Although severalith a water-soluble ingredient (e.g. methyl cellulose). Blends
polymers are used in the pharmaceutical industry, cellulosef different cellulose derivatives are often used for sustained
derivatives are among the most commonly used for betterelease coatings and enteric coatings. Mixed polymer drug
drug delivery efficiency, reduced toxicity and an improvementdelivery systems must possess the appropriate morphology
in patient compliance Reverchon et al., 2000; Rekhi and to facilitate the required drug release profiakellariou and
Jambhekar, 1995 Ethyl cellulose is a hydrophobic material Rowe, 199% Moreover, enhancement of bioavailability of
used in a variety of applications such as sustained release apdorly water-soluble compounds is achieved by inclusion of the
taste masking. Furthermore, it is also widely used to preparactive principle in a faster dissolving hydrophilic excipient like
controlled delivery systems. Drug release can be controlled anethyl/methyl cellulose blends. The changes in the porosity of
the system allow a stable inclusion of poorly soluble molecules
of an adapted sizé>grrut et al., 2005; Nam et al., 2002
* Corresponding author. Intensive worldwide research related with the application
E-mail address: rduarte@itgb.unl.pt (A.R.C. Duarte). of high pressure and supercritical fluids to particle formation,
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encapsulation and impregnation of polymeric matrixes hasde (99.998 mol%) was supplied by Air Liquide. All chemicals
proven the efficiency of supercritical fluid (SCF) technology were used with no further purification.

to generate improved delivery systems. Production of micro-

or nan_oparticle.s using supercritical _fluid teqhnology is VeNY2 2. Microsphere preparation

attractive since it provides an alternative solution to the various

problems encountered in traditional techniqueeq( and The precipitation experiments were carried out in a SAS
Kiran, 2003. The possibility of producing very small particles gpnaratus, schematically presenteig. 1
with a narrow size distribution using mild and inert condi- ' The apparatus works in a continuous co-current mode and it
tions represents a major improvement over the conventionglonsists of a precipitator in which the antisolvent and the liquid
processesHlvassore et al., 2003 . . solution are separately fed to the top of the chamber and are
One of the available particle formation technique basedontinuously discharged from the bottom. The liquid solution
on supercritical fluids is the supercritical antisolvent processis pumped into the chamber by a high pressure piston pump
referred as SAS, ASES, PCA or SEDS iin literatured and  (knauer HPLC pump K-501). The antisolvent is delivered by
Kiran, 2005; Foster et al., 20p3lepending on the process means of a high pressure piston pump (Haskel model MCPV-71).
arrangements and apparatus. Nevertheless, the principle The precipitator is a cylindrical vessel with an inner volume
inherent to all these processes is the same, i.e., to decrease Hye500 cns. The liquid solution is delivered into the chamber
solvent power of the liquid by addition of an antisolventin which through a stainless steel nozzle. The supercritical carbon diox-
the solute is insoluble. The selection of a proper combination ofge is heated, up to the temperature of the experiment, before
the organic solvent and the antisolvent for a particular polymegntering the precipitator in a tube section by an electric cable
is essential for the success of the process. The organic soIve@S 12854), which is connected to a temperature controller (Ero
should have a reasonable miscibility towards the polymer ang|ectronic LMS-491-13).
also a high solubility in the supercritical fluid under moderate  The precipitator is heated by means of two electric thin
operating conditions. This method of particle formation ispangs heater (Watlow STB3J2J1) also connected to a temper-
based on two mechanisms that take place simultaneously, Qfyre controller. The pressure in the chamber is measured by a
one hand, the fluid penetrates into the droplets where it aClSressure gauge manometer (Bourdon-Haenni model MVX7 D30
as an antisolvent for the dissolved material and on the othgs3g). The outflow is regulated by a micrometric valve (Hoke
hand the organic solvent evaporates on the supercritical fluig315G4Y) located at the bottom of the precipitator. This valve

so that precipitation occurdukhopadhyay and Dalvi, 2004 s heated with an electric cable (CS 12854) in order to prevent
Since the diffusivity of the supercritical fluid is higher than the

diffusivity of a liquid, the diffusion of the fluid into the organic o
solvent produces a faster supersaturation of the solute solved HPLC liquid

in the liquid and therefore its precipitation into micronized Pump TIe P
particles. co S
2

The low solubility of polymers in carbon dioxide and their
relatively high solubility in organic solvents provide suitable 7
conditions to preferably employ this process for particle forma-
tion and design of improved controlled delivery systems. q

Process variables, such as temperature, pressure and flow
rate, have a strong influence in the morphology of the parti- q
cles, as well as their particle size and particle size distribution.
These variables directly interfere with the basic mechanisms
that control particle formation, which are fluid dynamics, mass
transfer, nucleation kinetics and thermodynamiReverchon et

al., 2003.
The aim of this study was to evaluate the influence of such /—\
variables in the precipitation of ethyl cellulose/methyl cellulose @ @

blends, in order to optimize the process conditions.

2. Experimental procedure

2.1. Materials SRV
Ethyl cellulose (CAS 9007-57-3) and methyl cellulose (CAS é
9007-67-5) were purchased from Fluka. Dichloromethane,

DCM (CAS 78-09-2, 99.9% purity), dimethylSUIfOXide’ DMSO Fig. 1. SAS apparatus (TIC, temperature transducer; Tl, temperature indicator;

(CAS 67-68-5, 99.9% purity) and acetone (CAS 67-64-1p pressure transducer; BPR, back pressure regulator; FM, flow meter: PpV,
99.5% purity) were purchased from Vaz Pereira. Carbon dioxprecipitation vessel; SRV, solvent recuperation vessel).
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the freezing of carbon dioxide due to the rapid depressurization 15 [
(50°C). Afilter of sintered steel with 0.Am porosity is placed
at the bottom of the vessel to collect the particles produced.

The solvents are separated and recovered from a second ves-
sel. Usually the temperature of the vessel is arountCland
pressure 5-10 bar. The pressure in the separator is measured by a 10 -
pressure gauge manometer (Bourdon-Haenni model MV X7 D30
B29) and regulated by a back pressure valve (Tescon Europe).

The carbon dioxide flow rate and the total quantity of anti-
solvent used are measured by a flow meter (Aalborg GFM
17S-VADL2-E). 5 -

Volume (%)

2.3. Particle characterization

2.3.1. Scanning electron microscopy (SEM) F}
Samples of the precipitated powder were observed by a

ZAISS 960 scanning electron microscope. The particles were

fixed by mutual conductive adhesive tape on aluminium stubsig. 3. Particle size distribution of ethyl cellulose micronized from

and covered with gold—palladium using a sputter coater. dichloromethane.

as the ones precipitated from acetone as it can be sé€g.i&

2.3.2. Particle size and size distribution Therefore, DCM was the selected organic solvent to precipitate
The particle size and size distribution of the preparedethy| cellulose using SAS technique.

microparticles were measured by laser diffraction spectrome- £ythermore, particles of ethyl cellulose precipitated from
try (Coulter LS 130, Coulter Electronics). The dried powder gichioromethane solution through a 106 nozzle present a

samples were suspended in deionized water with a surfactafgrower size distributionF(g. 3) with a mean particle size of
solution (Coulter Dispersant, Coulter) and sonicated for 1 miny 77, m

with an ultra-sound probe (500 W, Vibra Cell, Sonics & Materi-
als Inc.) before measurement. The obtained homogeneous Sus; - gy cellulose/methyl cellulose blends
pension was determined for the volume mean diameter, size

distribution and polydispersity. Each sample was analyzed three o mixture of two solvents had to be used to perform the

times. SAS precipitation experiments, as the solubilization of the two

polymers was only possible in a mixture of DCM/DMSO (4:1).
3. Results and discussion Different ratios of ethyl cellulose/methyl cellulose were tested.

Methyl cellulose, because it is a hydrophilic polymer, was very

In this study the possibility of precipitating biocompatible difficult to solubilize in the organic solution and for concentra-

polymer blends (ethyl cellulose/methyl cellulose) using supertions higher than 35% (w/w) it forms a gel. A blend contain-
critical fluid technology is evaluated. The selection of a propeiing 33% (w/w) of methyl cellulose was precipitated. However,
combination of the organic solvent and the antisolvent for a parthe particles obtained were extensively agglomerakégl @).
ticular polymer is essential for the success of the process. Toherefore, blends at lower concentration (20%, w/w) of methyl
determine the best organic solvent for ethyl cellulose two preeellulose were prepared and studied. Ethyl cellulose/methyl cel-
liminary experiments were carried out. Dichloromethane andulose blends have been successfully obtained from supercritical
acetone were the solvents tested. Particles precipitated from tlaatisolvent precipitation, as it could be confirmed by the SEM
DCM solution using CQ as an antisolvent did not agglomerate analysis.

SV
&
CENIMATL 2 1 e

Fig. 2. Ethyl cellulose micronized from (a) dichloromethane and (b) acetone.
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Fig. 4. Ethyl cellulose/methyl cellulose 33% (w/w) micronized.
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. . Fig. 7. Particle size distribution from experiment 2.
A summary of the experiments, performed and the mean size

diameter of the particles obtained is listedleible 1

The experiments were designed in order to determine the - 15000
best operational conditions for the production of ethyl cellu- g 13000
lose/methyl cellulose microspheres. In each set of experiments % 11600
one of the variables was modified so that, the effect of the dif- B
ferent variables on the particle size could be evaluated. Inafirst & 9000 1
approach the liquid solution flow (experiments 1-3) was eval- g 1000
uated and from the experiments performed we could conclude
that a higher liquid flow favours the precipitation of particles 000 o - A 20
with smaller size diameter. An increase in the liquid solution MSD (im)
flow leads to a better mixing between the organic solution and
the surrounding medium and therefore to a stronger turbulence. Fig. 8. Specific surface area vs. particle size.
This results in higher supersaturation rates and consequently to
smaller particle diameteF(g. 5. ratio between them. From the results obtained, 1 mL/min liquid

Fig. 6¢corresponds to the scanning electron microscopy of thélow and 8.5 L/min CQ flow were chosen to continue the study.
particles obtained in experiment 6. In experiments 1, 4 and 5, thExperiments at different temperatures and pressures were then
liquid flow and the CQ flow varied, maintaining constant the performed.

Table 1

Summary of the experiments performed

Experiment P (bar) T(°C) CO, density (kg/md) Liquid flow (mL/min) CQO, flow (L/min) MSD (um)
1 80 35 422.06 1.00 8.5 16.91
2 80 35 422.06 0.75 8.5 27.12
3 80 35 422.06 0.50 8.5 28.13
4 80 35 422.06 0.75 6.5 29.29
5 80 35 422.06 1.50 13.0 28.08
6 80 40 277.80 1.00 8.5 3.03
7 80 30 702.50 1.00 8.5 31.12
8 90 30 744.77 1.00 8.5 24.61
9 75 30 662.43 1.00 8.5 26.11
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Fig. 9. Effect of (a) temperature and (b) pressure on the mean size diameter.
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