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Introduction
The manufacturing technique of hot melt extrusion is a modern process to cope with poorly water-soluble drugs. However, incorporation of an API in a polymeric matrix
via a melting step comes often with technical difficulties and unfortunately, the choice of polymers available on the market is limited. Recent approaches show the
potential of combining a polymer with small molecular additives to intentionally improve the physico-chemical properties of the polymeric matrix and the process ability.
This could be achieved by choosing additives, which are supposed to interact specifically with polymer. We therefore selected Eudragit E PO, a polymer containing basic
groups, and malic acid as a dicarboxylic additive. The molecularly modified matrix was investigated by Fourier transformed infrared spectroscopy (FTIR) as well as by
nuclear magnetic resonance spectroscopy (NMR). Extrudate advantages were further characterized by, for example, atomic force microscopy (AFM), scattering electron
microscopy (SEM) and confocal laser scanning microscopy (CLSM).

Materials and sample preparation

A)

The assessment of amorphous stability was
conducted by adding fenofibrate to the
modified matrix. The AFM images of this
study pointed out the successful inhibition of
phase separation. Furthermore, residual
crystallinity through the addition of malic acid
to the extruded formulation, which was
detected by CLSM, was not present in the
matrix and direct extrusion. The crystals in the
control were identified by SEM as fenofibrate.
(data not shown)

Downstream processing

FTIR measurements demonstrated the
interaction of malic acid with Eudragit E PO.
This finding was supported by a peak shift,
observed at the signal corresponding to the
carboxylic group with an alpha hydroxyl
group of the malic acid in the NMR spectra.
Extrusion of the matrix Eudragit E PO with
malic acid showed no indication of phase
differences in the AFM. Those results
indicate the formation of a glassy solution
containing a polymer, which interacts with
the additive through the amine group.

Amorphous stability

Extrusion of matrix

The substances used were Eudragit E PO, (which was kindly provided by Evonik), malic acid (Sigma Aldrich) and fenofibrate (Sigma Aldrich). Prior to extrusion, excipients were
mixed in a beaker. Formulations were produced using a 9 mm ECO extruder from Three Tec. The three temperature zones were set to 130 °C and a screw speed of 80 rpm was
applied. All extrudates were cut into pieces after extrusion and stored in falcon tubes. For the extrusion of the pure polymeric matrix, malic acid and Eudragit E PO were used. In the
direct extrusion formulation fenofibrate was added to the physical mixtures prior to extrusion. During the process of the matrix extrusion, the matrix was first extruded and milled.
Afterwards, fenofibrate was added and the mixtures was extruded a second time. As control an extrudate containing Eudragit E PO and fenofibrate was selected.

The comparison of the microscopic and
photographic images pointed out the
advantage of the formulation containing the
matrix described previously. Figure 6 clearly
shows the poor process ability and the
resulting bad flow ability of the milled
control formulation. Superior to the control
the two formulations containing malic acid
exhibited clear advantages in process ability
due to a good particle size distribution and
the associated flow ability. Although no
differences could be detected between the
two matrix formulations.

B)

Figure 3. CLSM and AFM pictures of the control. Bright
areas indicate phase separation in the AFM.

Figure 6. SEM and photographic image of the milled control
formulation. Magnification deviates from Figure 7 and 8

Figure 4. CLSM and AFM pictures of the matrix extrudates
with fenofibrate show no sign of phase separation.

Figure 7. SEM and photographic image of the milled matrix
extrusion formulation

Figure 5. CLSM and AFM pictures of the direct extrudates
with fenofibrate display no sign of phase separation or
crystallinity.

Figure 8. SEM and photographic image of the milled direct
extrusion formulation

Figure 1. A) FTIR spectra show the absence of a peak
corresponding to the OH group at the carboxylic group of the
malic acid at 3400 cm-1 (green). B) 13C-NMR spectra shifts
(shown in ppm) are observed on the peaks for the carboxylic
groups of the malic acid (green). Sample assignments are
mentioned in the graph.

Figure 2. AFM
images of the cut
sample of the pure
matrix. The phasing
image shows no
indication of phase
separation

Conclusions
A molecularly modified matrix for hot melt extrusion was successfully obtained as a polymeric glass by adding malic acid to Eudragit EPO without indication of any
phase separation. Furthermore, utilizing fenofibrate as a model compound highlighted the stabilizing and processing properties of the newly designed matrix. More
research is needed with additional compounds to explore this novel approach and to harness its full potential.
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