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Abstract

Isomalt, a disaccharide alcohol was co-extruded with paracetamol or hydrochlorothiazide (HCT) in order to
improve its tabletting properties. After extrusion, isomalt was transformed into an amorphous form, while paraceta-
mol remained crystalline. Hot stage microscopy showed that HCT was amorphous in the isomalt carrier up to a
concentration of 1% (w/w). Direct compression of mixtures formulated with co-extruded isomalt/paracetamol
powders yielded harder tablets compared with physical mixtures and no powder agglomeration was observed. Direct
moulding of isomalt co-extruded with either paracetamol or HCT was feasible, yielding hard tablets. A fast
dissolution rate was seen for both the compressed and the moulded tablets (�80% paracetamol and 60% HCT
released within 20 min). The compressed tablets showed a dramatic decrease in tensile strength during storage at 85%
RH, while the tensile strength of the moulded tablets remained above 0.80 MPa after 6 months storage at the same
conditions. Co-extrusion of isomalt with paracetamol and HCT dramatically improved the tabletting properties of the
mixtures (compared with physical mixtures of drug and isomalt). Direct moulding proved to be a suitable technique
to produce isomalt based tablets. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Over the last decade, sugar based excipients
received a lot of attention during the development
of pharmaceutical formulations mainly because of
their safety and pleasant taste. Among these sugar
alcohols (polyols) isomalt or Palatinit® (an

equimolecular mixture of two stereoisomers: �-D-
glucopyranosyl-1,1-D-mannitol, GPM and �-D-
glucopyranosyl-1,6-D-sorbitol, GPS) offers several
advantageous properties such as taste, mouth feel,
low calorie content, acariogenicity, suitability to
diabetics, high stability and low hygroscopicity
(Strater, 1989; Fritzsching, 1993).

A study on the characterization and direct com-
pression properties of isomalt was reported by
Ndindayino et al. (1999) and the investigators
showed that a drug load above 30% yielded
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tablets of unacceptable quality. Recently, Ndin-
dayino et al. (2002) reported on the modification
of isomalt using melt-extrusion in an attempt to
improve its direct compression properties. Al-
though the use of melt-extruded isomalt powder
improved the tablet tensile strength, progressive
crystallization of the amorphous isomalt affected
both the flow properties and compressibility of
the powder.

Co-fusion of the drug with an excipient has
been reported as a suitable technique to improve
the compression properties of a formulation
(Kanig, 1964; Sjökvist and Nyström, 1991; Stein
et al., 1991; Nagarsenkar and Shenai, 1996) with
the added advantages of an increased dissolution
rate and improved bioavailability of poorly water-
soluble drugs (Nagarsenkar and Shenai, 1996;
Leuner and Dressman, 2000). Next to the co-ex-
trusion procedure, moulding can also be used to
manufacture tablets whereby a molten mass is
collected into tablet-shaped cavities and tablets
are recovered upon solidification of the mass. This
technique offers several advantages: production of
tablets at high drug load; a dust free process;
content uniformity of low dosed drugs (dissolved
in a molten carrier); minimal influence of the
drug’s compressibility, particle size and particle
shape; ease of scale-up. The only major limitation
of this technique is its restriction to heat stable
products (Cuff and Raouf, 1999; Serajuddin,
1999; Dobetti, 2000).

The present study was conducted to investigate
the direct compression properties of melt co-ex-
truded isomalt/drug powder mixtures and to eval-
uate direct moulding as an alternative technique
to produce isomalt based tablets.

2. Materials and methods

2.1. Materials

Isomalt (melting range, Tm, 145–150 °C) or
Palatinit® C (Palatinit-Süßungsmittel, Mannheim,
Germany) was used as the carrier material. Parac-
etamol dense powder (Tm: 169.0–170.5 °C and
particle size, D10%, 64.4 �m, D50%, 206.3 �m and
D90%, 429.7 �m) (Mallinckrodt, Raleigh, NC) and

hydrochlorothiazide (Tm, 273–275 °C, D10%, 51.0
�m, D50%, 153.7 �m and D90%, 337.2 �m) (Ludeco,
Brussels, Belgium) were used as model drugs at a
concentration of 50 and 10%, respectively. Iso-
malt tablets were compressed using the following
excipients: 5% (w/w) Explotab® (Pennwest Ltd.,
Patterson, NY), 0.5% (w/w) Aerosil® 200 (�90
�m) (Ludeco, Brussels, Belgium) and 1% (w/w)
magnesium stearate (�90 �m) (Pharmachemic,
Wevelgem, Belgium).

2.2. Co-extrusion of isomalt/paracetamol
mixtures

A physical mixture of isomalt and paracetamol
(43.5/50.0; w/w) was extruded at different temper-
atures (120, 140 and 150 °C) using a continuous
melt-extruder MP 19 TC 25 (APV Baker, New-
castle-under-Lyme, UK). This lab-scale extruder
was equipped with two co-rotating screws and a
twin screw powder feeder. The powder feed rate
was set at 1.5 kg/h, while the screw speed was 40
rpm. These settings resulted in a material resi-
dence time ranging from 1.0 to 6.5 min. No die
was fitted to the exit of the extrusion barrel, hence
the material pressure remained below 3 bar during
all extrusion runs.

After a storage period of 72 h at ambient
conditions (50�5% RH and 25�2 °C), each
co-extruded mixture was pulverized with pestle
and mortar, and the fraction below 500 �m was
used for compression experiments.

2.3. Preparation of tablets by direct compression

After pulverization of the isomalt/paracetamol
mixtures, the powder was mixed with 5% Ex-
plotab® for 10 min. Next, 0.5% (w/w) Aerosil®

200 (�90 �m) was added and mixed for 5 min.
Finally, 1% magnesium stearate (�90 �m) was
added and blended for an additional 5 min. All
mixing operations were performed in a T2A Tur-
bula mixer (W.A. Bachofen Maschinenfabrik,
Basel, Switzerland). The final mixtures were com-
pressed into 600 mg tablets using a single-punch
tabletting machine (Korsch Type EKO, Frank-
furt, Germany), fitted with 13 mm circular flat
punches and equipped with a piezoelectric cell for
compression force measurements.



F. Ndindayino et al. / International Journal of Pharmaceutics 235 (2002) 159–168 161

2.4. Preparation of tablets by a melt-moulding
technique

Besides co-extrusion of an isomalt/paracetamol
powder blend followed by direct compression as
described above, isomalt tablets were also manu-
factured using a melt-moulding technique. Pure
isomalt and the following mixtures were (co-
)extruded at 150 °C using the above described
procedure: isomalt/paracetamol (50:50), isomalt/
paracetamol/Explotab® (45:50:5) and isomalt/hy-
drochlorothiazide/Explotab® (85:10:5). These
molten materials were immediately poured into
metal moulds with a thickness and diameter of 4
and 13 mm, respectively. After cooling and so-
lidification of the mixtures at ambient tempera-
ture in the moulds, the excess material on the
mould surface was removed using a surgical
blade. Finally the mould was dismantled and the
tablets (�600 mg) collected.

2.5. Material characterization

2.5.1. Physical properties
Powder X-ray diffraction analysis was per-

formed using a X-ray diffractometer (D 5000,
Siemens, Germany) with Cu–K� radiations (�=
1.5406 A� ). The diffraction patterns were collected
with a voltage of 40 kV and a current of 50 mA at
a scanning rate of 1°/min for 2� in the angular
range of 2°�2��90°.

The thermal behavior of the isomalt/drug mix-
tures co-extruded at 150 °C was evaluated using
differential scanning calorimetry (DSC). Standard
DSC experiments were performed using a TA
Instruments DSC 2920 calorimeter (New Castle,
DE, USA) with liquid nitrogen as a cooling gas.
A heating rate of 10 °C/min was used with nitro-
gen as purge gas flowing through the DSC cell at
25 ml/min. Modulated temperature DSC experi-
ments were conducted using a TA Instruments
MTDSC 2920 calorimeter (Leatherhead, UK)
equipped with a refrigerated cooling system
(RCS) unit. Considering the effects of the experi-
mental conditions on the MTDSC response, the
following parameters were selected: an underlying
heating rate of 2 °C/min using dry helium as a
purge gas flowing through the MTDSC cell at 40

ml/min and nitrogen through the RCS unit at 150
ml/min, a cooling rate of 20 °C/min, a modula-
tion amplitude of �0.212 °C and a modulation
period of 40 s. For both DSC techniques, the
samples (2–5 mg) were carefully weighed into 40
�l aluminium pans, hermetically sealed and
scanned between 0 and 200 °C. The fraction of
crystalline isomalt in the extruded samples was
estimated from the enthalpy of fusion of the
isomalt melting peak relative to the fusion en-
thalpy of a non-extruded sample taking into ac-
count the sample water content. The same
procedure was used to evaluate the effect of hot
stage extrusion on the crystallinity of
paracetamol.

The moisture content of the powder samples
was measured using a Karl Fischer titrator, (DL
35, Mettler-Toledo, Beersel, Belgium).

2.5.2. Drug stability
Following extrusion, the stability of paraceta-

mol was evaluated using the HPLC method de-
scribed in the USP XXIV. The chromatographic
system consisted of a LaChrom® HPLC system
(Merck Hitachi, Tokyo, Japan): an isocratic L-
7110 pump combined with a L-7400 UV detector
set at 243 nm. Chromatographic separation was
achieved at room temperature on a 3.9 mm×30
cm RPC-18 column (Merck, Darmstadt, Ger-
many) using a degassed mixture of methanol and
water (1:3) as the mobile phase at a flow rate of
1.5 ml/min. The stability of hydrochlorothiazide
after extrusion was also evaluated using the above
described chromatographic system (detection at
254 nm) in combination with an Ultrasphere®

ODS 4.6 mm×25 cm RPC-18 column (Beckman
Instruments, Fullerton, USA) using a degassed
mixture of 0.1 M monobasic sodium phosphate
and acetonitrile (pH 3.0�0.1; ratio: 9/1) as a
mobile phase flowing at 2 ml/min.

2.5.3. Determination of formation of solid
solutions

The solubility of hydrochlorothiazide (HCT)
and paracetamol in isomalt was determined by
uniformly dispersing these drugs at concentrations
ranging between 0.5 and 20% into liquid isomalt
(heated to 150 and 190 °C on an electric furnace).
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In addition, isomalt was co-extruded with HCT
(at a concentration range between 5 and 20%) at
150 and 190 °C using the procedure previously
described. After cooling, the resulting solid mate-
rials were milled and the powder submitted to
X-ray diffraction, hot stage microscopy (Mettler
FP 52/FP 5, Mettler-Toledo, Switzerland) and
MTDSC. The theoretical glass transition tempera-
ture of isomalt/HCT binary mixtures (Tgmix) was
determined according to the Gordon–Taylor rela-
tionship (Gordon and Taylor, 1952):

Tgmix=
(W1Tg1+KW2Tg2)

(W1+KW2)

W1 and W2 are the weight fractions of isomalt
and drug, respectively, while Tg1 and Tg2 are the
glass transition temperatures in kelvin (Tg of hy-
drochlorothiazide: 112.5 °C).

K is determined according to Simha-Boyer rule
(Simha and Boyer, 1962):

K�
(�1Tg1)
(�2Tg2)

�1 and �2 are the density of amorphous isomalt
and drug, respectively.

2.6. Tablet characterization.

The compressed as well as the moulded tablets
were characterized by their physical properties.
The average tablet weight was determined from
20 individual tablets. In case of the compressed
tablets, a tensile strength versus compaction force
profile of each formulation was generated over a
pressure range from 5 to 25 kN. The tablet tensile
strength (n=10) was calculated from its diametral
crushing force measured using a hardness tester
(Type PTB, Pharma Test, Hainburg, Germany).
Tablet friability (n=3) was calculated as the per-
centage weight loss of 20 tablets after 100 rota-
tions in a friabilator (Type PTF, Pharma Test,
Hainburg, Germany). The disintegration time
(n=6) was measured according to Eur. Ph. III
(Pharma Test disintegrator, Type PTZ, Hainburg,
Germany) in 0.1 N HCl at 37�0.5 °C using
disks.

The dissolution profile of paracetamol from the
tablets was measured according to the method

described in the USP XXIV (apparatus 2) at a
paddle speed of 50 rpm in 900 ml pH 5.8 phos-
phate buffer, while the dissolution profile of the
moulded tablets containing HCT was evaluated at
a paddle speed of 100 rpm in 900 ml 0.1 N HCl
(37�0.5 °C) using an automated dissolution
tester VK 7000 (Vankel, Edison, NJ, USA). Sam-
ples were withdrawn at regular intervals through
a filter and replaced with blank medium. The
paracetamol and HCT concentration of each sam-
ple was spectrophotometrically (UV-VIS Spec-
trometer Lambda 12, Perkin–Elmer, Ueberlingen,
Germany) determined at 243 and 272 nm,
respectively.

2.7. Physical stability of the co-extruded powders
and tablets

An isomalt/paracetamol mixture (48.5/50.0) ex-
truded at 150 °C was used to evaluate the effect
of moisture sorption on powder stability and
compression properties. The powder samples were
stored at ambient temperature (25�2 °C) in a
sealed environment at 55 and 75% RH. Their
water content, thermal behavior as well as com-
pression properties were examined as a function
of storage time using the methods previously de-
scribed. The tensile strength of compressed and
moulded tablets was evaluated during 6 months
storage at ambient temperature (25�2 °C) and
at a relative humidity of 45 and 85%.

3. Results and discussion

3.1. Characterization of co-extruded isomalt/drug
mixtures

3.1.1. Co-extruded isomalt/paracetamol mixtures
It was demonstrated by powder X-ray diffrac-

tion and DSC that the isomalt fraction—follow-
ing melting during extrusion—solidified as an
amorphous material, while paracetamol remained
a crystalline solid (dispersed in isomalt) as 99.5%
of paracetamol’s crystallinity was recovered after
extrusion (data not shown). Hot stage microscopy
showed that paracetamol solubilized at 150 °C
into the molten isomalt up to a concentration of
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10%, however, no solid solution was formed as
drug recrystallization was seen immediately after
cooling. The co-extruded mixtures had an im-
proved stability regarding powder agglomeration
in comparison to extruded isomalt, which already
agglomerated during the milling/sieving process.
These observations were confirmed by an increase
of the glass transition temperature (Tg) (46.5�
1.2 °C) of the isomalt/paracetamol mixture co-ex-
truded at 150 °C compared with the value
(39.7�0.8 °C) reported by Ndindayino et al.
(2002) for pure isomalt extruded at the same
temperature. This is probably due to their differ-
ent moisture content: 1.9% (w/w) for the isomalt/
paracetamol mixture versus 3.1% (w/w) for pure
isomalt (Ndindayino et al., 2002).

HPLC analysis did not show any paracetamol
degradation during extrusion (99.6�0.5% parac-
etamol recovered). This was supported by DSC
analysis which did not reveal any melting transi-
tion at 190 °C corresponding to p-aminophenol,
the main thermal degradation product of parac-
etamol (Faroongsarng et al., 2000).

3.1.2. Co-extruded isomalt/hydrochlorothiazide
(HCT) mixtures

As illustrated in Fig. 1, Tg of extruded isomalt/
HCT mixtures was not influenced by the drug
concentration and remained lower than the theo-
retical Tg of these binary mixtures calculated
using Gordon–Taylor equation. This could be
due to phase separation as a molecular dispersion
of HCT in isomalt was only formed at drug
concentrations below 1% as shown by hot-stage
microscopy. During extrusion, HCT could form
hydrogen bonds with the carrier (Simonelli et al.,
1994), explaining why no drug recrystallization
was observed. An increasing Tg of the mixture
with increasing extrusion temperature was ob-
served as previously shown by Ndindayino et al.
(2002). HPLC analysis confirmed the stability of
the drug during extrusion as 101.3 (�1.4)% HCT
was recovered.

3.2. Compression properties of co-extruded
isomalt/paracetamol powder

The compression profiles of isomalt/paraceta-

Fig. 1. Glass transition temperature (Tg) (n=3) of isomalt co-extruded with different concentrations of hydrochlorothiazide (HCT)
at 150 °C (�) and 190 °C (�) in comparison to their theoretical Tg (�) calculated using the Gordon–Taylor equation
(measurements carried out using MTDSC).
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Fig. 2. Compression profile (n=10) of isomalt and paracetamol (43.5/50.0)-mixtures: physical mixture (�), isomalt extruded at
150 °C before preparing a physical mixture with paracetamol (�), mixture co-extruded at 150 °C (�) and at 120 °C (�). All
formulations contained 5% Explotab®, 0.5% Aerosil® 200 and 1% magnesium stearate.

mol co-extruded at different temperatures are
shown in Fig. 2. Although the crystalline nature
of paracetamol was not affected by the extrusion
process, co-extrusion of paracetamol with isomalt
had a beneficial effect on the compression proper-
ties. Compared with the tablets formulated using
a physical mixture of paracetamol and isomalt,
co-extrusion (even at lower extrusion tempera-
tures, 120 °C) induced-at least-a seven fold en-
hancement of the tablet tensile strength.
Furthermore, the tablets manufactured from the
powder co-extruded at 150 °C had a slightly
higher tensile strength than the tablets formulated
with a physical mixture of paracetamol and ex-
truded isomalt (at 150 °C). Due to the co-extru-
sion process an acceptable tablet tensile strength
(�0.80 MPa) was obtained at a compression
force of 10 kN for isomalt/paracetamol mixtures
co-extruded at 150 °C; yielding values of 1.0 (�
0.1) and 2.1 (�0.2) MPa at compression forces of
10 and 25 kN, respectively.

While plastic deformation of amorphous iso-

malt improved the tablet tensile strength (Ndin-
dayino et al., 2002), the enhancement of the
quality of the tablets formulated with co-extruded
isomalt/paracetamol mixtures could be due to the
thermo-mechanical treatment of paracetamol dur-
ing co-extrusion. Modifications of its particle size
and/or shape could enhance bond formation be-
tween isomalt and paracetamol particles during
compression (Serpelloni, 1990; Serpelloni and
Croisier, 1995) as-after co-extrusion—the parac-
etamol consolidation mechanism could change
from brittle fracture to plastic deformation as
observed for paracetamol solid dispersions pre-
pared by spray drying or kneading (Tasic et al.,
1997, 1998). The flow properties of the co-ex-
truded isomalt/paracetamol mixtures were excel-
lent and neither sticking nor agglomeration
problems were observed.

The tablet friability and disintegration data are
summarized in Table 1. The friability of the
tablets formulated with isomalt/paracetamol mix-
tures co-extruded at 150 °C was lower than the
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values reported by Ndindayino et al. (2002) for
tablets formulated with a physical mixture of
paracetamol and extruded isomalt (friability �
2%). Although, their disintegration time (�700 s
for tablets compressed at �15 kN) was doubled
compared with the data reported by Ndindayino
et al. (2002) on extruded isomalt (358 s), all

formulations released more than 80% of the drug
within 20 min (Fig. 3).

3.3. Direct moulding

Although compression techniques are the most
popular methods to produce tablets, direct

Table 1
Friability (n=3) and disintegration time (n=6) of tablets manufactured using direct compression and the moulding technique

Friability (%) Disintegration (%) Tensile strength (MPa)Formulations

Direct compression ( following co-extrusion at 150 °C)
Isomalt/paracetamol (43.5:50)

1.03�0.06–10 kN –
1.53�0.0515 kN 701�211.2�0.1

1.2�0.220 kN 729�20 1.90�0.06
1.1�0.1 2.10�0.1625 kN 819�16

Direct moulding
2.92�0.57Placebo – –

1.1�0.1Isomalt/paracetamol (50:50) 1273�36 1.74�0.39
Isomalt/paracetamol/Explotab® (45:50:5) 2.00�0.201108�520.8�0.1
Isomalt/HCT/Explotab® (85:10:5) 290�40.2�0.0 2.63�0.30

All directly compressed formulations included 5% Explotab®, 0.5% Aerosil® 200 and 1% magnesium stearate. In all cases the
extrusion temperature was 150 °C.

Fig. 3. Dissolution profiles from moulded tablets formulated with isomalt/paracetamol (50/50) (�), isomalt/paracetamol/Explotab®

(45/50/5) (�) and isomalt/HCT/Explotab® (85/10/5) (�) in comparison to directly compressed (20 kN) tablets formulated with
co-extruded isomalt/paracetamol (43.5/50.0) powder (�) containing 5% Explotab®, 0.5% Aerosil® 200 and 1% magnesium stearate.



F. Ndindayino et al. / International Journal of Pharmaceutics 235 (2002) 159–168166

Fig. 4. Influence of water sorption (�) (n=3) on the compressibility (�) (n=10) of isomalt/paracetamol (48.5/50.0) mixtures
co-extruded at 150 °C as a function of storage time and relative humidity (RH): 55% (…) and 75% RH (—) (storage temperature:
25�2 °C). All formulations contained 0.5% Aerosil® 200 and 1% magnesium stearate and were compressed at 20 kN.

moulding could be a suitable alternative to
manufacture isomalt tablets. Next to the
advantages mentioned in the introduction, isomalt
tablets were produced by means of the moulding
technique without the addition of lubricants and
glidants. The molten mixture was viscous liquid
(reducing the sedimentation velocity of dispersed
material) and solidified inside the cavities within
10 min. The tensile strength of the moulded
tablets prepared from the various formulations
are presented in Table 1. The moulded placebo
tablets had a higher tensile strength compared
with the drug containing tablets. The tensile
strength of moulded tablets containing
paracetamol was not significantly different
(P�0.05; independent T-test) from the data
obtained for tablets formulated with
isomalt/paracetamol mixtures co-extruded at
150 °C and compressed at 20 kN. The HCT
containing moulded tablets showed a significantly
higher tensile strength (P�0.05; independent
T-test) in comparison to all paracetamol-based
formulations probably due to the lower drug load.

Although the disintegration time of the
moulded tablets was significantly higher (Table 1)

(P�0.05; independent T-test), the dissolution
rate of paracetamol from the moulded tablets
formulated with Explotab® complied with the
USP XXIV monograph: more than 80% drug
released within 20 min (Fig. 3). As expected from
the disintegration data (290 s), the HCT
containing moulded tablets also had a fast
dissolution rate (�60% HCT released within 20
min) (Fig. 3). Besides the presence of a
disintegration agent and the modification of the
particle size of HCT (identified by hot stage
microscopy), the fast dissolution should be
attributed to the high fraction of the amorphous
water soluble carrier as reported in early
studies (Simonelli et al., 1994; Tantishaiyakul et
al., 1996; Chowdary and Rao, 2000; Dobetti,
2000).

3.4. Stability e�aluation

3.4.1. Influence of storage conditions on direct
compression properties of co-extruded mixtures

The compressibility and moisture content of
isomalt/paracetamol powder mixtures (48.5/50.0)
co-extruded at 150 °C, are shown in Fig. 4 as a
function of storage time. Under these storage
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Table 2
Tensile strength (n=10) as a function of storage time at 85% RH (storage temperature: 25�2 °C)

Compressed tablets (MPa)Storage time (months) Moulded tablets

Paracetamol (MPa) Hydrochlorothiazide (MPa)

1.92�0.140 2.00�0.20 2.56�0.27
1.31�0.160.50�0.09 2.16�0.332

6 1.05�0.070.27�0.04 1.44�0.11

The moulded tablets were formulated with isomalt/paracetamol/Explotab® (45/50/5) or isomalt/HCT/Explotab® (85/10/5), while the
directly compressed tablets were manufactured with co-extruded isomalt and paracetamol (43.5/50.0). The directly compressed
tablets contained 5% Explotab®, 0.5% Aerosil® 200 and 1% magnesium stearate and were compressed at 20 kN. In all cases the
extrusion temperature was 150 °C.

conditions, similar phenomena related to isomalt
recrystallization were observed as previously
reported for extruded isomalt powder
(Ndindayino et al., 2002). However, the
recrystallization rate was significantly delayed for
co-extruded mixtures as a melting endothermic
peak of isomalt was only observed after 2 months
storage at 75 and 55% RH (4.5 and 2.1%
crystallinity, respectively) in comparison to
extruded isomalt where recrystallization was
already observed after 2 days.

Similarly, the evolution of the moisture content
correlated well with the compressibility data due
to a gradual recrystallization of isomalt. This
phenomenon only affected the compressibility of
co-extruded isomalt/paracetamol powder as
powder agglomeration was not observed.

3.4.2. Tablet stability
The tablet tensile strength of all formulations

remained constant during 6 months storage at
45% RH (results not shown). When stored at 85%
RH (Table 2), both moulded tablet formulations
showed a significant decrease in tensile strength
(P�0.05; independent T-test), however, this de-
crease was much less pronounced than in the case
of the compressed tablets formulated with co-ex-
truded isomalt/paracetamol mixtures. The higher
reduction in tensile strength recorded for com-
pressed tablets is due to their higher porosity
resulting in a higher water absorption rate in
comparison to moulded tablets (Bayer, 2000; Pet-
zoldt, 2000).

4. Conclusions

The direct compression properties of isomalt
physical mixtures with paracetamol were dramati-
cally improved when the mixtures were co-ex-
truded prior to compression. A slight
improvement in tabletting properties was seen
after co-extrusion compared with tablets formu-
lated using a physical mixture of drug and ex-
truded isomalt. Although by co-extrusion, the
recrystallization of amorphous isomalt during
storage at high RH was delayed, the tablet tensile
strength dramatically decreased in function of
storage time and relative humidity.

The direct moulding of isomalt co-extruded
with the drug proved to be a suitable technique to
produce tablets with excellent physical
characteristics.
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