10

15

20

25

30

35

Stability Studies of Hot-Melt Extruded Ternary Solid Dispersions of Poorly-Water
Soluble Indomethacin with Poly(vinyl pyrrolidone-co-vinyl acetate) and Polyethylene
Oxide

Romina Pezzoli®9, John G. Lyons®, Noel Gately®, Clement L. Higginbotham?d*

dMaterials Research Institute, Athlone Institute of Technology, Dublin Road, Athlone, Co.
Westmeath, Ireland.

bFaculty of Engineering and Informatics, Athlone Institute of Technology, Dublin Road,
Athlone, Co. Westmeath, Ireland.

°Applied Polymer Technology, Athlone Institute of Technology, Dublin Road, Athlone, Co.
Westmeath, Ireland.

dSynthesis and Solid State Pharmaceutical Centre (SSPC), Dublin Road, Athlone, Co.
Westmeath, Ireland.

*Correspondence to: Clement L. Higginbotham.
Tel: +353-(0)-90-6468050
E-mail: chigginbotham@ait.ie



mailto:chigginbotham@ait.ie

40

45

50

55

60

65

70

Abstract

This investigation aims to evaluate the effect of moisture and temperature on the physical
stability and dissolution behaviour of hot-melt extruded binary and plasticised ternary solid
dispersions. Poorly water-soluble indomethacin (IND), poly(vinyl pyrrolidone-co-vinyl
acetate) (PVPVA) and plasticiser polyethylene oxide (PEO) were selected as model
compounds. Extruded samples were stored with 40 °C, at 0 % and 75 % relative humidity (RH)
for 12 weeks. Results confirmed that binary solid dispersions of PVPVA-IND were
successfully prepared by twin-screw hot-melt extrusion producing amorphous single-phase
systems. The inclusion of semi-crystalline PEO reduced the melt viscosity of the system acting
as a processing aid during extrusion without modifying the glass transition temperature (Tg) of
the final doses. Samples stored at low humidity levels exhibited a dissolution profile similar to
the unannealed dispersions. Samples annealed at 75 % RH showed a decrease in the dissolution
rate, likely related to phase separation due to the increase in molecular mobility after the water
sorption. However, all the annealed samples showed a total release of IND, indicating that the
dispersions were relatively stable up to 12 weeks.
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1. Introduction

One of the most accepted and popular strategies to improve the solubility of non-water
soluble active pharmaceutical ingredients (APIs) is the formulation of amorphous solid
dispersions (ASDs) using hydrophilic polymers as carriers and drug stabilisers. The
transformation of the API to the amorphous state increases its apparent solubility and
dissolution rate as solvent penetration is not prevented by an endothermic barrier attributed to
the disruption of crystalline lattices. During dissolution, the carrier acts as a vehicle trapping
the dispersed API in a high energy state, inhibiting its crystallisation and therefore
maintaining the supersaturation in the medium for prolonged times (Guzméan et al., 2004;
Hancock and Parks, 2000; VVan Den Mooter, 2012).

Given the enormous potential of the use of ASDs, a full understanding of the
physicochemical factors ruling the stability during storage and dissolution of these systems is
still needed. Undesirable behaviours are often observed and have proven to be hard to
control, e.g. phase separation, nucleation and drug recrystallisation during storage and when
exposed to solvents (Jackson et al., 2015; Janssens and VVan den Mooter, 2009; Lust et al.,
2015; Serajuddin, 1999). Besides, not only there is a lack of understanding about the
properties to control the stability of these systems; the relationship between the dissolution
mechanisms with the properties of the carriers and drug is still being discussed (Chen et al.,
2016; Puncochova et al., 2016).

Hot-melt extrusion (HME) is an attractive technique for the manufacturing of ASDs because
of the continuous nature of the process and the elimination of the use of solvents
(Vasconcelos et al., 2016). However, the application of temperature and high shear inherent
to the process may represent a challenge when dealing with temperature-sensitive drugs. As
an alternative to expanding the extrusion processing window, the inclusion of secondary
excipients to act as plasticisers have been introduced. Including plasticisers into a HME
system is often investigated to improve the processing of the doses and to modify their
physicochemical properties, mechanical behaviour and dissolution profile (Hanada et al.,
2018; Janssens et al., 2008a; LaFountaine et al., 2016; McGinity and Zhang, 2003). However,
the stability of these multiphase systems may represent a disadvantage as phase separation
and drug migration from one carrier to the other have been reported (Bley et al., 2010;
Janssens et al., 2008b; Wang et al., 2005).
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One of the elements that plays an essential role in the investigation of the stability of the
ASDs is the hygroscopicity of the systems. The sorption of water, which may act as a
plasticiser of the amorphous system, increases the molecular mobility allowing the
agglomeration and recrystallisation of the API, losing the dissolution advantage of its

amorphous configuration (Fung and Suryanarayanan, 2017; Liu et al., 2013).

This work investigates the stability of hot-melt extruded binary solid dispersions of
poly(vinyl pyrrolidone-co-vinyl acetate) (PVPVA) and indomethacin (IND). IND is an acidic
compound with a pKa of 4.5 and a poor aqueous solubility (2.5 -4 pg/ml). It is classified,
according to the biopharmaceutical classification system (BCS), as a class 11 compound (low
solubility and high permeability), being its poor solubility its only barrier for bioavailability.
In addition, the API exhibits a high melting temperature, which favours the melt processing.
The inclusion of polyethylene oxide (PEO) in the binary system was investigated to
determine the effect of the addition of the semi-crystalline plasticiser on the processing and
physical properties. Accelerated stability studies were conducted to investigate the effect of
temperature and moisture on the phase behaviour and dissolution profile of the dispersions.

2. Materials and Methods

2.1. Materials

Copolymer Poly(vinylpyrrolidone-co-vinyl acetate) (PVPVA) in a ratio of 6:4 by mass, was
purchased from BTC Chemical Distribution. Polyethylene oxide (PEO), molecular weight
600,000 was sourced by Sigma Aldrich. Poorly water-soluble indomethacin (IND), 1-(4-
Chlorobenzoyl)-5-methoxy-2-methyl-3-indoleacetic acid, was purchased from Tokyo
Chemical Industry UK Ltd. Phosphorus (V) pentoxide (P20s) and sodium chloride (NaCl)

was purchased from Fluorochem and Sigma Aldrich respectively.

2.2. Methods

2.2.1. Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) analysis was carried out using a Perkin Elmer Pyris
6 DSC. Samples between 4 and 6 mg were accurately measured and placed into open
aluminium pans. The samples were heated from room temperature to 200 °C using a heating
rate of 10 °C/min. Calorimetry scans were performed under a nitrogen atmosphere with a

steady flow of 20 ml/min to prevent oxidation. Samples were tested in triplicates.
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The degree of crystallinity of the PEO was calculated using the Equation 1 where yc is the
degree of crystallinity, AHn° the heat of fusion of the 100 % crystalline material, AHm the
heat of fusion of the sample and w the weigh fraction.

Yo = —2m_100%

¢ AHSw

Equation 1

2.2.2. Hot-Melt Extrusion (HME)

Hot-melt extrusion was performed on a bench-top Prism™ twin screw co-rotating extruder
with 16 mm diameter screws and a 25:1 length to diameter ratio. Physical mixtures were fed
at a rate of 13 g/min using an automatic feeder. The temperature profile from the feeding
zone to die was 95 °C / 115 °C / 140 °C / 160 °C for the processing of the binary amorphous
dispersions. With the inclusion of the plasticiser, the temperature profile was reduced by 10

°C. The composition of the ASD formulations is presented in Table 1.

Table 1: Drug/Carriers percentages of the HME processed formulations.

Content % (w/w)

Formulation PVPVA PEO IND
PVPVA-75IND 92,5 - 75
PVPVA-15IND 85.0 . 150
PVPVA-10PEO-75IND 825 100 7.5
PVPVA-10PEO-15IND 750 100 15.0

2.2.3. Rheology Studies

An oscillatory rheometer TA Discovery Hybrid Rheometer 2 was used for the rheology
studies. The instrument was calibrated to a geometry of 25 mm diameter steel plate. An
amplitude of 5 % was applied and previously verified by an amplitude sweep at a frequency
of 1.0 Hz. Oscillation temperature ramps were conducted from 120 °C to 200 °C with a
heating rate of 5 °C/min. Samples were loaded on the hot plate and soaked at the initial

temperature for 120 s. Tests were conducted with a gap height of 1 mm.

2.2.4. Temperature and Humidity Stability Studies

Accelerated stability studies were performed following the guideline set by the European
Agency for the Evaluation of Medical Products (EMEA, 2003). Sealed containers with P,Os
and a saturated solution of NaCl for 0 % and 75 % relative humidity (RH) levels respectively

5
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were prepared (Rockland, 1960). Extruded solid dispersions were placed inside the containers
and stored in an oven at 40 °C for 12 weeks. The collected samples were dried in a desiccator
at 20 °C and 0 % RH for one week before testing.

2.2.5. High-Performance Liquid Chromatography (HPLC)

The concentration and chemical purity of indomethacin in the extruded doses was
determined using HPLC. Analysis were carried out using a system consisting of a Waters
Alliance €2695 separations module combined with a Waters 2487 dual A absorbance detector
and a A 150 mm x 4.6 mm Thermo Scientific ODS Hypersil column with a particle size of 5
um. The mobile phase was a solution of 0.01 M monobasic sodium phosphate and 0.01 M
dibasic sodium phosphate in HPLC grade acetonitrile (Romil) and distilled water 1:1. Both
salts were obtained from Sigma Aldrich. A flow rate of 1 mL/min was maintained during the
procedure, the detector was set at 254 nm, and the samples injection volume was 20 um. A
filtered solution of acetonitrile and water 1:1 was used to wash the needled between
injections. Before testing, samples were diluted in the mobile phase to inhibit the
precipitation of the drug and filtered using 0.20 mm syringe filters. Samples taken from five
different points of the total of specimens were accurately weighted and dissolved in a known
volume of the mobile phase. Before testing, solutions were filtered using 0.20 mm syringe
filters.

2.2.6. In-vitro Dissolution Studies

In-vitro drug dissolution studies were performed using a Distek 50947 dissolution apparatus |
(basket method). Tests were carried out in 900 mL of dissolution medium at 37.0 + 0.5 °C
with baskets rotating at 50 rpm. The dissolution behaviour of the samples was evaluated in
pH 1.2 hydrochloric acid buffer and pH 6.8 phosphate buffer media to simulate the digestive
tract. Samples of a volume of 2 ml were taken from the dissolution vessels at predetermined
time intervals and immediately replaced with fresh dissolution medium. IND concentration

was measured using Shimadzu UV-Visible Spectrophotometer, model UV-1280 at 320 nm.

3. Results

3.1. Thermal Characterisation
Characterisation of the solid state of the binary and ternary ASDs of PVPVA, IND and PEO

were performed using DSC. Thermograms of the pure components and the hot-melt extruded

6
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solid dispersions are presented in Figure 1. The thermogram of crystalline IND showed an
endothermic peak at 164 = 1 °C corresponding to the melting endotherm of the stable Y-form
(Hancock and Parks, 2000; Shamblin et al., 1999). Thermograms of all the solid dispersions
analysed showed the complete disappearance of this melting endotherm indicating the
apparent complete transformation of IND from the crystalline to the amorphous state (Hanada
et al., 2018). In the low-temperature region of the thermograms, the glass transition
temperature (Tg) of the amorphous IND was recorded at 45.5 £ 0.4 °C. A separated Ty
attributable to IND was not detected in the thermograms of the solid dispersions suggesting a
good level of mixing and the absence of a separated phase rich in amorphous IND (Purohit
and Taylor, 2015).

The thermogram of pure PEO showed an endothermic peak at 71 £ 1 °C with an enthalpy of
fusion (AHm) of 186 * 26 J/g corresponding to the melting of its crystalline fraction.
Assuming an enthalpy of fusion of the 100% crystalline PEO of 210 J/g, the material exhibits
a degree of crystallinity of 70 + 10 % (Apicella et al., 1993). The same endotherm attributed
to the melting of the PEO crystalline fraction was detected in the thermograms of the ternary
dispersions at 63.4 = 0.4 °C and with an average AHm of 9 £ 1 J/g. Considering the
concentration of PEO in the dispersions, it is estimated that 43 £ 5 % of the plasticiser present
is in the crystalline form. These results confirm that in the ternary solid dispersions, the PEO
is in the semicrystalline state with some level of compatibility either with the PVPVA-IND
system or between the drug and the plasticiser due to the reduction of the melting temperature

and enthalpy of fusion.

Thermal characterisation of the binary ASDs showed a single glass transition temperature in
between the Tq’s of the drug and the pure main carrier PVPVA, suggesting the existence of a
single phase amorphous system (see Figure 1b). In the case of the ternary dispersions, this
miscible system coexists with a small fraction of crystalline PEO as shown in their
thermograms (Figure 1). The values of the glass transition temperature of the solid
dispersions are presented in Table 2. It can be noted that the inclusion of the plasticiser to the
PVPVA-IND system did not decrease the glass transition temperature of the solid
dispersions. This may be due to the relatively high molecular weight of the PEO, the low
percentage dose in the formulations, and possibly to the presence of crystallites, which could
contribute to the restriction of molecular motions (Struik, 1987a, 1987b).
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Table 2: Glass transition temperature of binary and ternary solid dispersions of PVPVA-IND
and PEO, n=3.

Formulation Tq(°C)
PVPVA 108.3+0.5
PVPVA-7.5IND 85+2
PVPVA-15IND 81=+1

PVPVA-10PEO-7.5IND 85+1
PVPVA-10PEO-15IND 81+2
Amorphous IND 455+0.4

Nevertheless, despite the unmodified glass transition temperature values, the inclusion of
PEO improved the processability of the dispersions, lowering the processing temperatures
and lowering the fragility of the extrudates. The improvement in the processability achieved
with the inclusion of the plasticiser is represented by the change of complex viscosity
reported in Figure 2. The complex viscosity curves showed a significant drop in the melt
viscosity at 120 °C from 181 kPa.s for the binary dispersion with 7.5 % of IND to 121 kPa.s
for the plasticised one. The same behaviour was observed for the formulations with 15 %
IND passing from a viscosity value of 94 kPa.s for the unplasticised dispersion to 49 kPa.s of
the ternary one. It is also important to note that the lager drop in complex viscosity is
achieved with the inclusion of IND, showing that the smaller molecule acts as the main
plasticiser and processing aid during processing (De Brabander et al., 2002; Lyons et al.,
2007).

3.2. Dissolution Studies

Prior to the evaluation of the dissolution profile of the dispersions, the content of
indomethacin and its chemical purity was confirmed using HPLC. During the manufacture of
the ASDs using HME, due to the high shears and temperatures applied to the systems, the
drug is prone to degradation. It is then important to determine the effect of the extrusion step
on the distribution and stability of the drug. The IND chromatographs obtained from the
extruded solid dispersions showed a single peak with an elution time equal to the standard
solutions at 1.772 £ 0.007 min (see Figure 3). The results corroborate the chemical integrity
of the active ingredient after the thermal and mechanical treatment applied during processing.
The concentration of IND on the different dispersions was quantified to evaluate the drug
uniformity of content on the extrudates. The results are presented in Table 3 and these values
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obtained for the real content of indomethacin were used for the calculation of the dissolution

studies.

Table 3: Uniformity of indomethacin content of hot-melt extruded solid dispersions of
PVPVA-PEO-IND, n=5.

Nominal

Formulation IND Real IND
(%0)
(%)
PVPVA-7.5IND 7.5 81+04
PVPVA-15IND 15 16 +2
PVPVA-PEO-7.5IND 7.5 8.0+x04
PVPVA-PEO-15IND 15 16 +2

IND is an ionisable weekly acidic compound with a pKa of 4.5 whose aqueous solubility
increases from acidic to basic media. The dissolution behaviour of IND was evaluated in an
acidic (pH 1.2) and a neutral (pH 6.8) medium to simulate the digestive tract and to assess the
impact of the pH on the solubility enhancement of the formulated dispersions (Varma et al.,
2011; Zelenék et al., 2018).

The dissolution behaviour of ASDs depends on the drug concentration. Typically, for low
drug loads, dissolution occurs quickly, and a highly supersaturated solution is generated in
which drug nano-precipitates, in the amorphous or crystalline form, may coexist and be
stabilised by the polymer. The dissolution mechanism is then controlled by the water-soluble
carrier (Craig, 2002). A second scenario involves a slower dissolution due to higher drug
loads resulting in a more sustained release. Water continuously penetrates the solid dispersion
particles, mobility increases and phase separation occurs. If in the surface of the undissolved
particles the drug remains amorphous due to the stabilisation effect of the polymer, the drug
concentration in the media would be equal to the solubility of the amorphous drug (Huang
and Dai, 2014).

The results of the dissolution studies of the unannealed solid dispersions in pH 1.2 are shown
in Figure 4. In general, dispersions with a content of 7.5 % of IND exhibited a fast and
complete drug release which may be related to the low drug concentration. The formulation
with PEO presented a slightly slower dissolution rate (50 % at 10 min) when compared with
the binary dispersion (75 % at 10 min). This slower dissolution rate, characteristic of high
molecular weight PEQ’s, is related to its semi-crystalline state which provides a more

controlled release due to the mechanism of crystals’ dissolution (Cantin et al., 2016; Ma et
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al., 2014; Mallapragada and Peppas, 1997). After the first 30 min, the precipitation of the
drug from the dissolution solution was recorded for both binary and ternary dispersions. This
behaviour has been reported for other IND systems (Chokshi et al., 2008; Liu et al., 2010). It
is presumed to be caused by the transformation of the metastable amorphous IND in the
supersaturated solution, where the drug molecules are prone to aggregate and nucleate. In the
acidic solution, IND is not ionised due to its higher pKa, favouring the self-association and

subsequent precipitation of the IND molecules.

During the dissolution in acidic conditions, dispersions with higher content of IND failed to
disintegrate, forming solid rich in amorphous drug, a phenomenon linked to the drug pH
controlled dissolution mechanism. It has been reported that, in acidic conditions and
concentrations of at least 15 % of IND and higher, the doses form a hydrophobic shell, rich in
amorphous drug, which prevents the drug release from the inside of the dose (Ewing et al.,
2014; Tres et al., 2016). It is presumed that at lower IND contents, the drug-polymer
interactions contributed to the stabilisation of the drug and the polymer acted as a vehicle for
its dissolution, therefore, the dissolution mechanism is controlled by the carrier. At higher
IND concentrations, hetero-interactions formed between IND molecules are favoured,
preventing the disintegration of the dose. The dissolution mechanism is then drug controlled

and, as the pH is lower than the pKa of IND, no drug dissolution was detected.

The dissolution behaviour of the dispersions in the pH 6.8 medium is shown in Figure 5. The
binary dispersions showed an instant release of IND for both drug concentrations reaching
and maintaining a release >90 % after 15 minutes. In opposition to the dissolution in pH 1.2
medium, the dispersions with 15 % IND showed a complete disintegration due to the neutral
pH, higher than the pKa of the drug. Ternary dispersions showed a slower drug release due to
the semi-crystalline state of the plasticiser, which represents a possibility for the design of

controlled release doses while improving its melt processability at the manufacturing stage.

3.3. Humidity and Temperature Stability

To investigate the effect of temperature and humidity on the stability of the extruded solid
dispersions, samples were stored at controlled conditions of 40 °C and 0 % and 75 % RH
levels for 12 weeks. The change of the physical appearance of the extrudates is shown in
Figure 6. It is observed that after 12 weeks, samples stored at 0 % RH did not change their

physical appearance. In contrast, samples stored at 75 % RH softened and flowed, forming a

10
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translucent shiny malleable solid. This transformation has been reported before for PVPVA
after equilibration under similar conditions (Liu et al., 2013). It seems apparent that high
levels of RH, due to the hygroscopic character of the carriers, increased the mobility of the
system and compromised their physical stability. Phase separation, a behaviour reported for a
similar system of PVPVA and PEG, was not visually detected as the materials maintained
their homogeneity at the macroscopic level probably due to the high molecular weight of
PEO in comparison with PEG (Bley et al., 2010).

3.3.1. Thermal Analysis of Annealed Dispersions

The thermal analysis of the stability samples was performed to investigate the physical state
of the dispersions and their ability to maintain IND in the amorphous state over time,
humidity and temperature. The DSC thermograms of the binary solid dispersions unannealed
and stored under different conditions are shown in Figure 7. Systems stored at 0 % RH levels
showed to be effective in the stabilisation of the amorphous IND as no sign of crystallisation
could be detected for either of the drug concentrations. With the increase of the RH levels, a
small endothermic indentation was noted around 175 °C attributed to the possible formation
of a small fraction of oriented IND molecules. It seems apparent that the moisture absorption,
due to the hygroscopic character of PVPVA, favours the molecular mobility of the system
and increases the risk of drug precipitation (Weuts et al., 2005). However, the reconversion to
the crystalline state is minimal, possibly due to the high miscibility between PVPVA and
IND and the presence of intermolecular interactions that are also responsible for the
stabilisation of the IND in the amorphous state (Chauhan et al., 2014; Pezzoli et al., 2018;
Van Duong and Van den Mooter, 2016).

Analysis of the ternary solid dispersions equilibrated at 0 % RH levels showed a similar
stabilising effect of IND to the binary systems. In Figure 8, it is observed that in the high-
temperature region of the thermograms there is no sign of the recrystallisation of the drug.
Similarly, dispersions stored at high humidity levels exhibited a remarked stabilisation ability
as only the dispersions with 15 % IND showed a small endothermic disruption around 177
°C. For both of the systems evaluated, a progressive increase of the melting temperature and
enthalpy of fusion of the PEO semi-crystalline fraction was detected from the unannealed
samples to the annealed ones at 0 % and 75 % RH. At 40 °C, the amorphous fraction of the
plasticiser is in the rubbery state (above its Ty but below its melting point) allowing the

occurrence of cooperative movements of the polymer chains leading to their reorientation. As
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a consequence, the structure of the PEO phase may become more ordered. This process,
evidenced by the increase of the melting endotherm, has been previously reported for PEO at
similar annealing conditions (Kiss et al., 2006). It is then proposed that the equilibration at
temperatures higher than the Ty of PEO, caused the reorientation of the PEO amorphous
fraction causing crystal growth. This effect was intensified in the high humidity environment
due to the high hygroscopicity of both PVPVA and PEO which increased their mobility.

3.3.2. Dissolution Studies of Annealed Dispersions

The dissolution studies of the solid dispersions stored at 40 °C and 0 % RH for 12 weeks are
presented in Figure 9. The results exhibited similar dissolution profiles to the results reported
for the same unannealed formulations in the neutral pH medium (Figure 5). The results

obtained confirmed the thermal analysis (Figure 7 and 8), suggesting that the dispersions are

entirely stable for temperatures up to 40 °C in dry conditions.

Evaluation of the dissolution profiles of the binary solid dispersions stored at the high
humidity level (Figure 10) revealed a slower dissolution compared to the unannealed samples
reaching a drug release of 55 % and 70 % for the formulations with 7.5 and 15 % IND
respectively after 15 minutes. The slower release observed may be due to the agglomeration
of amorphous IND due to the increased molecular mobility promoted by the water
absorption. Nevertheless, the extent of drug dissolution reached was higher than 90 % after
35 minutes. This suggests that even when small changes in the conformation of the system
may occur, overall the formulation is effective in the stabilisation of IND in the amorphous
state. This result correlates with the thermal analysis (Figure 7) where the samples showed to
be mainly amorphous. If phase separation occurred, this nano-agglomerations would be

smaller than 30 nm as this is the limit for its detection using DSC (Qian et al., 2010).

Ternary solid dispersions, due to the presence of semi-crystalline PEO, exhibited a slower
drug release compared to the binary dispersions as observed for the two previous dissolution
behaviours in pH 6.8. Due to the increase in the crystalline fraction induced by annealing, the
dissolution profile is slower when compared to the unannealed samples. However, no
significant differences were found between the dissolution rate of the samples stored at 0 %
and 75 % RH levels indicating that the main factor for the orientation of the PEO phase is the

temperature and not the humidity.
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4. Conclusions

In this study, the influence of temperature and moisture on the stability of plasticised and un-
plasticised extruded solid dispersions of PVPVA and IND was evaluated regarding their solid
state and dissolution behaviour. It was observed that the presence of PEO favoured the
processing conditions without affecting the stability of the system. Also, the presence of the
semi-crystalline plasticiser acted as a dissolution profile modifier revealing a potential
application for the development of controlled release dissolution doses. Moisture appeared to
be the main factor affecting the stability of all the systems evaluated, causing an apparent

phase separation leading to a slower dissolution profiles.
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Figure 1: a) DSC thermograms of pure PVPVA, pure PEO, amorphous IND (*), crystalline
IND reduced by half (**) and the PVPVA based solid dispersions. b) Zoomed view of the DSC
575  thermograms. Numbers indicate the IND content.

=——7.5% IND ——7.5% IND-10% PEO
5% IND 15% IND-10% PEO
100000

10000

1000 &

Complex Viscosity (Pa.s)

100 PRI SN T NN SO TR TR TR RN SR SR T W |
120 140 160 180
Temperature (°C)

Figure 2: Change of complex viscosity vs the temperature of the binary and ternary solid
dispersions.
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Figure 3: HPLC chromatograph of indomethacin from the standard solution (blue), binary and
ternary extruded solid dispersions.
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Figure 4: Dissolution of unannealed binary and ternary solid dispersions in pH 1.2 medium.
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Figure 5: Dissolution of unannealed binary and ternary solid dispersions in pH 6.8 medium.
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Figure 6: Physical appearance of solid dispersions stored at 40 °C and controlled relative
humidity for 12 weeks.
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Figure 7: DSC thermograms of unannealed PVPVA-IND binary ASD and stored at 40 °C, 0
% and 75 % RH for 12 weeks.
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Figure 8: DSC thermograms of unannealed PVPVA-PEO-IND solid dispersions and stored at
40°C, 0 % and 75 % RH for 12 weeks.
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610  Figure 9: Dissolution of PVPVA-PEO-IND solid dispersions in pH 6.8. Samples were stored
at 0 % RH and 40 °C
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Figure 10: Dissolution of PVPVA-PEO-IND solid dispersions in pH 6.8. Samples were stored
at 75 % RH and 40 °C
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