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The aim of the work was to produce a delivery system for Silybum Marianum dry extract with enhanced
oral bioavailability by combining two technologies (mechanochemical activation and spray congealing).
Initially, the active was coground with sodium croscarmellose in a planetary mill in order to reach an

Accepted 25 June 2011 activated state more prone to dissolution. DSC, XRD, FT-IR and LD analyses showed the formation of

nanosized particles of dry extract, with reduced degree of crystallinity of the main crystalline flavolig-
Keywords: nans (silybine A and B). Then, microparticles containing the activated coground and, as comparison, the
g:gg?ﬂm Marianum dry extract corresponding physical mixture of extract and polymer and the dry extract alone were produced by spray

congealing technology using Gelucire® 50/13 as a hydrophilic low m.p. carrier. Microparticles containing
the activated coground were produced spherical in shape, achieved satisfactory yield and high encap-
sulation efficiency. These microparticles, in addition to a favourable in vitro solubilisation kinetic, in a
preliminary in vivo study in five rats demonstrated their ability to improve very significantly the oral
bioavailability of the main flavolignans of Silybum Marianum dry extract (silybin A and B). These results
suggested that the association of mechanochemical activation and spray congealing could be considered
an innovative and very useful approach to the oral delivery of Silybum Marianum. Furthermore, for the
first time the possibility of successfully applying the spray congealing technology for the preparation of
a herbal drug delivery system was shown.
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Introduction

Standardized extracts from the fruit seeds of Silybum mari-
anum (L.) Gaertn. (Milk thistle, Asteraceae) are used in humans
for the treatment of a variety of acute and chronic liver dis-
eases (Morazzoni and Bombardelli 1995). The main components
of the dry extract are flavolignans, such as silybine, isosilybin,
silydianin and silychristin, amongst which silybine is the main
biologically active component (Kim et al. 2003a). The therapeu-
tic use of these flavolignans is partly restricted by their insolubility
in water. In particular, silybin, the main constituent, is sparingly
soluble in water and spontaneously forms non-absorbable micro-
crystals, resulting in a limited oral bioavailability (Kim et al. 2003b).
In order to overcome the biopharmaceutical challenges associ-
ated with this phytotherapeutic drug, two preparation technologies
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were investigated both alone and in combination: mechanochem-
ical activation and production of microparticles by spray
congealing.

First of all, the mechanochemical activation process was applied
to the production in a high energy mill of coground systems com-
posed of the herbal medicine and a common inert hydrophilic
pharmaceutical excipient (crosslinked sodium carboxymethylcel-
lulose, Ac-Di-Sol®). The mechanical stress generated by the process
induced physical and/or chemical changes in the active principles,
that was transformed to an activated state, more prone to dissolu-
tion (Boldyrev 2004). The polymer acts as a processing aid and helps
the stabilization of the activated status of the drug (Magarotto et al.
2001).

Then, microparticles containing the coground system were pro-
duced by the spray congealing technique, using Gelucire® 50/13
as a hydrophilic low melting point carrier. The spray congealing
technology consists in the atomization of a fluid into an environ-
ment maintained at a temperature below the carrier melting point
(Passerini et al. 2010). The coground system is present in the fluid
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to be atomized in the form of a suspension. The atomization leads
to the formation of molten droplets which then rapidly solidify
upon cooling, producing the final microparticles (Killeen 1993).
This approach allowed the production of non-aggregated highly
spherical particles with good flowability and homogeneous dimen-
sions (Ili¢ et al. 2009). Through appropriate selection of the low
melting carrier, microparticles with enhanced drug release can be
produced (Passerini et al. 2002).

The work presented in this paper investigates the possibility
of applying, for the first time, the spray congealing technology
to the preparation of microparticles for the delivery of a herbal
drug.

The main goal of this research project was to evaluate the
potential of combining the mechanochemical activation and the
production of microparticles by spray congealing to obtain a
delivery system with enhanced oral bioavailability of the main
flavolignans (silybine A and B) of Silybum Marianum. In the first
part of the work, the dry extract was coground with sodium
croscarmellose in a planetary mill in order to reach an activated
state of the dry extract more prone to dissolution. The coground
was characterised by means of Differential Scanning Calorimetry,
Fourier Transform Infrared spectroscopy, X-ray Powder Diffraction,
Scanning electron microscopy and Laser diffraction. Subsequently,
microparticles containing the pure dry extract, the physical mixture
of the extract and the polymer or the activated coground were pro-
duced by the spray congealing technology using Gelucire® 50/13
as a hydrophilic low melting point carrier. Then the in vitro solubil-
ity was assayed. Finally the best performing systems were tested
in vivo in a pilot study in five rats.

The combination of the two technologies appears very promis-
ing. In fact on the one hand, the very fine dimensions of the
coground particles permit an easy suspension in the atomizing
fluid. On the other hand, these very fine particles can suffer for
scarce wettability and flowability, due electrostatic and cohesive
forces. These drawbacks can be possibly overcome by conversion
into spherical particles through spray congealing process. Further-
more, the presence of the surface active-polymer, used as a melting
binder, could give a positive contribution to the dissolution of the
activated solid particles.

Experimental
Materials

Silybum Marianum dry extract (containing 83% by wt of silybin:
39%, w/w silybin A and 44%, w/w silybin B) was kindly donated
by Indena S.p.A. (Milano, Italy), while Gelucire® 50/13 was kindly
supplied by Gattefossé Italy (Milano, Italy), and crosslinked sodium
carboxymethylcellulose (Ac-Di-Sol®) was provided by Shilling
(Milan, Italy). Quercetin pure standard was from Extrasynthese
(Genay, France).

All other chemicals, of analytical grade, and solvents, HPLC
grade, were provided by Carlo Erba (Milan, Italy).

Preparation of coground mixtures

The planetary mill used for the mechanochemical process was
a Fritsch P5 (Pulverisette, Contardi Fritsch s.r.l., Milan, Italy). The
planetary mill was equipped by four agate cylindrical grinding
chambers (internal height Hy =2.6 cm, internal radius Ry =3.2 cm,
internal volume =27.5 cm3) adopting agate balls (diameter 2.2 cm)
as grinding media.

Applying a previously published mathematical model
(Voinovich et al. 2009a), and taking into account the mill geometri-
cal characteristics, the number of vial was fixed at 4, while the mill

was loaded with 5¢g per vial, and the number of grinding media
(agate balls) was 6. In order to maximize the grinding effect, the
maximum mill plate angular velocity was chosen (corresponding
to about 10,000 rpm).

By employing these process conditions, the dry extract and
Ac-Di-Sol® were previously blended in 1:1wt proportions with
a stainless steel spatula, then simultaneously coground for 1h,
stopping every 15min to homogeneously mix the mass with a
stainless steel spatula. The coground system (CG) was then stored
in a desiccator at room temperature for further characterisation
and processing.

Preparation of the microparticles

Microparticles were produced using the wide pneumatic nozzle
(WPN), an external-mixing two fluid atomizer, already described
in details in a previous paper (Albertini et al. 2008). Two operating
parameters could be set: the pressure of the air and the temper-
ature of the device. In this case, the microparticles were obtained
by setting the air pressure at 2atm and the nozzle temperature
at 70°C. The atomization led to the formation of molten droplets
which then solidified within the collecting chamber.

Gelucire® 50/13 was heated at a temperature 10°C above its
melting point. The pure dry extract or the 1:1 (wt) dry extract:
Ac-Di-Sol® PM or the 1:1 (wt) coground system was then added
to the molten carrier and magnetically stirred to obtain a uniform
suspension, which was then loaded into the thermostated feeding
chamber placed above the wide pneumatic nozzle. To favour the
rapid solidification of the molten droplets, the collecting chamber
was cooled using a liquid nitrogen flux.

The microparticles containing the pure drug, the 1:1 (wt) dry
extract: Ac-Di-Sol® PM and the 1:1 (wt) coground system were
named M1, M2 and M3, respectively.

The microparticles were then sieved and the 355-500 pm size
fraction, representing the 85% by wt of the samples, was stored in
a desiccator at room temperature for further characterisation and
analyses.

Preparation of physical mixtures

For comparison purposes, physical mixtures (PM) were pre-
pared by manually mixing dry extract and Ac-Di-Sol® and or
Gelucire® 50/13 using the same weight ratios as the coground sys-
tem or the microparticles. Their composition and acronyms are
listed in Table 1.

Particle morphology

The shape and surface characteristics of the starting dry extract,
PM, coground system and microparticles were observed using scan-
ning electron microscopy (SEM). Samples were sputter-coated with
Au/Pd using a vacuum evaporator (Edwards, Milano, Italy) and
examined using a scanning electron microscope (Philips XL-40,
Eindhoven, NL) at 10KV accelerating voltage using the secondary
electron technique.

Particle size measurements

Particle size measurements of the starting dry extract, coground
and corresponding PM were carried out using a laser diffractometer
(Malvern Mastersizer 2000, Malvern, UK). Before analysis, about
10mg of each sample were dispersed by sonication in 100 ml of
silicon oil (Silico DC 245 DOW Corning).
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