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Purpose

In this work, the three most common formulation methods used to prepare solid
dispersion (SD) such as spray-drying, solvent casting method, and freeze-drying, have
been compared in order to investigate their capability in increase the most drug
dissolution profile.

Methods

Three formulation strategies have been used to prepare a mixture of Polyvinyl-Alcohol
(PVA) and Maltodextrin (MDX) as SD loaded with three model poorly soluble drugs:
Olanzapine, Dexamethasone and Triamcinolone acetonide. The formulations obtained
have been analysed and compared in term of drugs particle size, drug-loading
capacity, surface homogeneity, and dissolution profile enhancement. Physical-
chemical characterization has been conducted on both drugs molecules and obtained
formulations by thermal analysis and infrared spectroscopy.

Result

The polymers used were able to increase drugs saturation solubility. The formulation
strategies effected the drugs particles size, and solvent casting method resulted to give
more homogeneity in particle size and distribution compared with the other. The best
drug dissolution rate performance enhancement has been achieved by each sample
prepared by the solvent casting method.

Conclusion
All the methods used were able to increase all drug dissolution rate but the solvent

casting method gave a product with higher surface homogeneity, drug incorporation
capability and reached the faster dissolution profile.
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Abstract

Purpose: In this work, the three most common formulation methods used to prepare solid dispersion
(SD) such as spray-drying, solvent casting method, and freeze-drying, have been compared in order
to investigate their capability in increase the most drug dissolution profile.

Methods: Three formulation strategies have been used to prepare a mixture of Polyvinyl-Alcohol
(PVA) and Maltodextrin (MDX) as SD loaded with three model poorly soluble drugs: Olanzapine,
Dexamethasone and Triamcinolone acetonide. The formulations obtained have been analysed and
compared in term of drugs particle size, drug-loading capacity, surface homogeneity, and
dissolution profile enhancement. Physical-chemical characterization has been conducted on both
drugs molecules and obtained formulations by thermal analysis and infrared spectroscopy.

Result: The polymers used were able to increase drugs saturation solubility. The formulation

strategies effected the drugs particles size, and solvent casting method resulted to give more
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homogeneity in particle size and distribution compared with the other. The best drug dissolution
rate performance enhancement has been achieved by each sample prepared by the solvent casting
method.

Conclusion: All the methods used were able to increase all drug dissolution rate but the solvent
casting method gave a product with higher surface homogeneity, drug incorporation capability and
reached the faster dissolution profile.

Keywords solid dispersion, spray-drying, freeze-drying, solvent casting method, dissolution rate

Abbreviation

Solid Dispersion (SD)

Polyvinyl-Alcohol (PVA)

Maltodextrin (MDX)

Active Pharmaceutical Ingredients (APIs)
Biopharmaceutical Classification Systems (BCS)
Hot Melt Extrusion (HME)
hydroxypropyl-methylcellulose (HPMC)
Polyvinylpyrrolidone (PVP)

Olanzapine (Olz)

Dexamethasone (Dsm)

Triamcinolone acetonide (Trm)

Dulbecco buffer phosphate (DPBS)
Potassium Bromide (KBr)

Dimethyl Sulfoxide (DMSO)

Scanning electron microscopy analysis (SEM)
Fourier transform infrared (FTIR)

Differential Scanning calorimetry (DSC)
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Thermogravimetric analysis (TGA)
Melting point (Tm)
Glass transition (Tg)

Heat capacity (Acp)

1. Introduction

Any drug delivery systems are composed of two components, the active pharmaceutical ingredients
(APIs), which produces the physiological effects, and the excipients, that allows the administration
and the distribution of the drug in the physiological environment. One of the methods generally
accepted to classify API is according to their solubility and permeability through cellular
membranes is the Biopharmaceutical Classification Systems (BCS), according to it API is, thus
organized in four classes, from | to IV. The 40 % of the New Chemical Entity is hosted into the Il
and IV classes for oral administration, due to their high hydrophobicity.l 2 APIs with low
solubility represent a significant challenge in the drug-delivery formulation and several pre-
formulation strategies have been employed in order to overcome this issuet® 4. In particular, since
five decades the most common methods is based on the formulation of SDI®®l. A SD is a system
where the drug is dispersed in a suitable polymer with high aqueous solubility and once the SD is
exposed to an aqueous media the hydrophilic carrier dissolves, releasing the drug as very fine
particles. Most recently, SD has been described as a delivery system whereby the drug is dispersed
in a biologically inert matrix, usually with a view to enhancing oral bioavailability.[° 1 According
to Noyse and Whitney equation and Nernst-Brunner theory, the dissolution rate is directly
proportional to the surface area of the drug and its increase by the decreasing of the particle size
achieves enhancement of the dissolution rate.[*]

Preparation of SDs can be categorized into two general types; solvent methods, e.g. the solvent cast

method or spray-drying and fusion or melting methods, including Hot Melt Extrusion (HME). In



©CO~NOOOTA~AWNPE

the following sections, the most common methods are discussed chronologically in order to
highlight technological development.

Solvent Casting Method. It is the oldest technology in SD formulation and was developed over a
centuries ago, driven by the needs in the emerging photography industry.[*? The first reported use
of the solvent cast method for pharmaceutical applications was in 1951, by Wolff and co-workers
who produced pharmaceutical films of amylose.!*®] Later, Saldanha and Kyu, studied the use of this
technique using polycarbonate and polymethylmethacrylate.’* Lee and co-workers used solvent
casting to formulate heparin derivatives for medical devices (i.e. cardiopulmonary bypass circuits,
heart-lung oxygenators, and kidney dialyzers)."™® Law and co-workers first prepared PEG-
amorphous Ritonavir SD with different drug loadings. Their work highlighted the enhanced drug
bioavailability advantage of SDs.[*¢]

Spray Drying. It is particularly suitable for the production of SD as the short residence time of the
drug in the heating chamber limits the conversion of the drug from the amorphous to crystalline
state. It is also suitable for thermo-labile drugs.*”*°! Spray drying has been used by several
researchers such as Beak and co-workers in 2012, who produced ASD containing dutasteride and
various  excipients including Eudragit, hydroxypropyl-p-cyclodextrin,  hydroxypropyl-
methylcellulose (HPMC) and Polyvinylpyrrolidone (PVVP). Mahmah and co-workers demonstrated
the enhancement of felodipine dissolution rate by using spray-drying and HME methods, using PVP
and HPMC as polymeric carriers.[¥2% Most recently, Spray-Drying has been recently used from
Modica de Mohac and co-workers to improve the permeation of an anti-cancer drug named
Irinotecan. 2%

Freeze-Drying. In this process, water is firstly frozen and then removed from the sample by
sublimation and then by desorption, causing the creation of porous materials.[??l Pharmaceutical
companies often use freeze-drying to increase the shelf life of products, increasing sample

stability.[?® 24 More than 150 biopharmaceutical products FDA approved available on the market
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are made from freeze-drying.[?> 61 Freeze-drying has been often used to produce SD to increase
both drug solubility and stability such as lovastatin, A9-tetrahydrocannabinol, and glyburide.[?"-2°

The purpose of this research work is to compare of above described methods, as they are the most
common used formulation methods to prepare drug loaded SD, and investigate the pharmaceutical
advantages that may be achieved in terms of faster drug release profile, surface homogeneity, drug
incorporation capability and faster dissolution profile of three different model active molecules,

olanzapine, dexamethasone and triamcinolone acetonide.

2. Experimental part

2.1 Materials

Olanzapine (Olz, molecular weight, Mw 312.43 g/mol), Dexamethasone (Dsm, Mw 392.46 g/mol),
Triamcinolone acetonide (Trm, Mw 434.50 g/mol), Maltodextrin (MDX, Mw 34000 g/mol),
Polyvinylalcohol (PVA, Mw 44.053 g/mol) were purchased from Merck KGaA (Darmstadt,
Germany). Ethanol, Dulbecco buffer phosphate (DPBS), chloride acid, potassium bromide (KBr),
dimethyl sulfoxide (DMSQO), sodium chloride and sodium hydroxide were obtained from Merck

KGaA (Darmstadt, Germany). The water used was produced with Milli-Q ® (Millipore).

2.2 Samples preparation

A 10% wi/v solution of PVA:MDX (50:50 weight ratio) mixture was prepared. The polymers were
added to 20 mL of water and stirred overnight and then heated for 40 minutes in ultrasonic bath.
Proper amounts of the polymers solution was processed by using one of the three different
formulation methods. Five mL has been put in a Petri dish of 5 cm diameter and water evaporated
under a laminar flow of 0.45 ml/min for 24 hours. 5 mL has been passed through the freeze-drying
in which after freezing the sample has been put in the shelf with a temperature of 30 °C and under
vacuum condition. 7 mL has been then passed through the Spray-Drying process with an inlet

temperature (Tinl) of 120°C, 20% pump and 100% aspiration.
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Each drug has been then added to the polymers solution and subjected to the same procedures. A
small amount of each polymers solution containing the drug has been withdrawn and tested in order

to evaluate polymers influence of drugs solubility.

2.3 Drugs dissolution test

The aqueous solubility of Olz, Dsm, and Trm was investigated in the presence of PVA and MDX.
Excess amounts of each drugs powders were dispersed in aqueous polymer solutions for 72 h and
stirred with 150 rpm at 37°C using a shaking incubator. The polymer solutions were then filtered
through a 0.22 mm Millex-GP filter (Merck Millipore, UK) and the concentration of them was
determined spectrophotometrically at specific wavelength after calibration curves of each drug have

been performed. The wavelength was: 253 nm Olz, 242 nm Dsm and 241 nm Trm.

2.4 Scanning electron microscopy analysis (SEM)
SEM images were recorded on freshly prepared samples to investigate their surface aspects,
morphology and size, by using a Phenom ProXSEM. Each sample was deposited onto a carbon-

coated steel stub and dried under vacuum (0.1 Torr) before analysis.

2.5 Fourier transform infrared (FTIR)

Samples were prepared by compression of the thin circular tablet using as 1:99 drug:KBr ratio.
Samples were placed on the holder and nitrogen gas was used to reduce carbon dioxide peak and
spectra were collected using a JASCO FTIR-6000 spectrometer, from 260 4000 to 300 cm-1 with
128 scans (same as background) at a resolution of 2 cm-1 for each sample. Spectra were recorded in

triplicate.

2.6 Differential Scanning calorimetry (DSC) and Thermogravimetric analysis (TGA)
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DSC studies were performed using a LABSYS evo STA (simultaneous thermal analysis) TGA-
DSC. DSC studies were carried out at heating rates of 7°C/min. Experiments were performed
between 30°C and 500°C and alumina crucibles were used in all experiments. Nitrogen purge gas
was used with a flow rate of 5 mL/min. Measurements were repeated at least in triplicate. TGA
studies were carried out to measure the water content of the prepared sample with the same

instruments.

2.7 Drug-loading evaluation

Drug-loading of prepared formulations were determined after weighing 2 mg of each sample and
dissolving it in DMSO. DMSO has been chosen because resulted to be the best solvent for the drug.
The dispersions were agitated by Shake incubator for 3 days at room temperature. Then, 1 mL of
solution was withdrawn and filtered with a 0.45 mm syringe filters with cellulose acetate membrane
(VWR International, USA). The drug loading of each sample was determined
spectrophotometrically. UV-VIS spectra were recorded on a 2401 PC Shimadzu Recording
Spectrophotometer UV, in the 600-200 nm spectral range. A calibration curve was used for
quantification of each drug, performed in the concentration range of 0.1-0.0001 mg/ml from a
standard solution of each drug in DMSO (R=0.999) and spectra were recorded at the wavelength of
253 nm Olz, 242 nm Dsm and 241 nm Trm respectively. Each measurement was performed in

triplicate.

2.7 Invitro release studies

In vitro drug release studies were carried out by using the basket apparatus method, reproduced
appropriately. Each experiment was repeated in triplicate and simulated intestinal condition was
obtained according to the European Pharmacopeia (European Pharmacopeia 7.6, 2012). The
intestinal environment was mimed by using DPBS at pH 6.8. Twenty mg of each formulation was

added to 100mL of dissolution medium and stirred at 100 rpm at 37°+1 °C. At predetermined time



intervals, 1 mL of solution was withdrawn and filtered through a 0.45 pum cellulose acetate
membrane syringe filter and replaced with the same amount of fresh buffer. Subsequently, the
filtrate was analyzed spectrophotometrically at a specific wavelength for each drug and drug

amount calculated according to a calibration curve. Each release study was performed in triplicate.
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3. Results

3.1 Effect of polymeric excipients on drug solubility

Three different methods to produce SDs have been investigated by using three different model
drugs as reassumed in Table I. In order to evaluate which of the used preparation method (Spray-

Drying, Solvent-Cast and Freeze-drying) has achieved the goal of improving drug dissolution rate

in the aqueous environment, many parameters has been evaluated.

Table I: Summary of prepared SD formulations and composition.

Sample Name Drug Methods Composition
Al Olz Spray-Drying
A2 Olz Solvent-Cast
A3 Olz Freeze-drying
All the formulations contain
B1 Dsm Spray-Drying a 10% w/w drug loading and
B2 Dsm Solvent-Cast the polymeric matrix formed
B3 Dsm Freeze-drying by PVA:MDX with a weight
_ ratio of 50:50.
C1 Trm Spray-Drying
Cc2 Trm Solvent-Cast
C3 Trm Freeze-drying
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In principal, polymers effect (PVA and MDX with a weight ratio of 50:50) on drug solubility has been
evaluated in order to predict the drug behavior in the physiological environment. The experiment

shown an improvement of water solubility for each drug for more than 100%, as shown in Table II.

Table 11. Drugs solubility expressed as g/mL in water and in polymers solution (PVA and MDX with

a weight ratio of 50:50).

Drug solubility in Water g/mL. ~ Drug solubility in polymers solution

Olz 0.002385+1.35 0.099117 + 0.0253
Dsm  0.000816 + 0.8614 0.455442 + 1.7249
Trm  0.001301 £+ 0.3598 0.199201 + 3.42

3.2 Characterization of SDs

SEM has been used to evaluate the surface homogeneity and morphology of each sample. Has been
possible to notice that the shape and surface morphology of SD samples prepared by Spray-Drying
were reproducible due to the use of the same polymers-based composition, even if loading different
drug molecules. However, spray-dried microparticles showed a not homogeneous size, with
diameter values ranging from 7 to 30 um (see SEM images Al, B1 and C1 of Figure 1). Similarly,
freeze-drying sample (see SEM images A3, B3 and C3 of Figure 1) showed a reproducible surface
morphology, with porous of about 1um. Differently, surface analysis of the pharmaceutical films,
obtained by solvent casting method (see SEM images A2, B2 and C2 of Figure 1), showed the
presence of spherical drug aggregates having diameter and abundance per unit area different for
each loaded drug. In particular, films containing Dsm (image B2 of Figure 1) and Trm (image C2 of
Figure 1) showed a homogeneous distribution of drug aggregates in the pharmaceutical films, with
a diameter of 5 um for B2 and 10um for C2 respectively. Olz containing pharmaceutical films
(image A2 of Figure 1), instead showed a non-homogeneous distribution of drug aggregates, with

diameter ranging between 2-15um.
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Figure 1. SEM images of all SD samples loading Olz (samples A), Dsm (samples B) and Trm

(samples C) respectively, recorded at 2000x magnitude. From the left side, the sample prepared by
Spray-Drying (images Al, B1 and C1), in the centre the one prepared by solvent casting method
(images A2, B2 and C2) and on the right side the samples produced by Freeze-Drying (images A3,

B3 and C3).
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The chemical-physical characterization of each drug in the formulation has been evaluated by FTIR
analysis (Figure 2). Drugs as pure crystalline materials have been analyzed in order to identify the
presence of drug-excipient possible interactions between specific chemical groups in their
structures. Table Il summarised the pick assignation of each pure drug and the respective peaks
highlighted in each formulation. The identified peaks found relevant correspondence in
literature.*°-321 and no abnormal chemical interaction were detected, as also confirmed by thermal

analysis.

Table I1l. FTIR peaks assignation for each drug molecule and SD formulation.

FTIR peaks assignation

Olz cm-1 Al cm-1 A2 cm-1 A3 cm-1
3221 3221 3221 NH stretching
3078-3060 2931 2936 CH aromatic ring stretching
2931 2939 CH3 methyl stretching
C=C asymmetric aromatic
1584-1558 1584 1586-1561 1582 stretching
1470-1446-1412 1415 1418 C=C aromatic ring stretching
1289-1223 CN bonding
Trmcm-1 C1l cm-1 C2cm-1 C3cm-1
3464-3397 3375 OH alcohol vibration H bond
1718-
1707-1662 1715-1654 1704-1659 1660 CH Stretching
1456 1454 CH3 methyl
1375-1302-1278 1375 1375 COC acid alcohol
1057-1080 1078 1080 1080 CF stretching
Dsm cm-1 Bl cm-1 B2 cm-1 B3 cm-1
3407 3407 OH alcohol vibration H bond
2981-2953-2932-2866 2936-2862 2932 CH3 methyl
1704-1659 1705 1662 1655 CO stretching carbonyl
1620-1603- 1620-
1617-1603-1436 1616-1602 1425 1610 C=C stretching aromatic ring
1268 1268 1254 1268 CF stretching
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Figure 2. FTIR spectra of: from the top, Olz and formulations Al, A2 and A3; Dsm and

formulations B1, B2 and B3; Trm and formulations C1, C2 and C3.

Table 1V reported the thermal analysis properties such as melting point (Tm), glass transition (Tg),

heat capacity (Acp) and water content of pure drugs and of each SD sample prepared. It is possible



©CO~NOOOTA~AWNPE

to notice that all used the formulation strategies did not cause drug amorphization over time. This

founding let classifying each prepared formulation as SD of the second generation according to

Meng and co-workers and Modica de Mohac and co-workers classification where drugs are

dispersed as crystal in an amorphous carrier matrix[3% 341,

Table V. Thermal analysis data from each drug loaded formulation and of pure drugs.

Sample name Water %  Tm/Tg (°C) Acp (J/g)
Al 0.24 193+0.95 10.116
A2 0.60 191 +0.87 11.438
A3 0.17 192 £1.21 14.93
Olz 0.02 193+1.35 15.80
Bl 4.95 271+0.23 4.95
B2 1.49 267 +0.52 1.71
B3 2.82 265+ 0.78 1.82
Dsm 0.06 267 +0.95 18.5
C1 1.74 292 +1.35 211
C2 0.64 298 +2.09 9.13
C3 2.95 290 + 0.64 1.29
Trm 0.16 292 +0.24 10.01

3.3 Drug loading and release studies

Each SD formulation was prepared with a starting drug amount of 10% weight. As expected, a

correspondent drug loading value has been obtained from formulation prepared by the solvent

casting and freeze drying techniques, while lower drug loading has been detected in all formulation

prepared by spray-drying (samples Al, B1 and C1). The drug content for each formulation has been

summarized in Table V. Actually, results suggest that solvent-casting method allowed the higher
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and coherent drug loading, while freeze-drying, but even more, spray-drying gained a significant
drug lost during the formulation processes.

According to the drug loading, each formulation has been evaluated in terms of drug release
profiles. The dissolution rate of each formulation has been compared with the dissolution rate of the
pure drugs in buffer solution. In general, each tested formulation achieved a faster drugs dissolution
profile respect the pure drugs. Moreover is it possible to notice that even if all the formulation
strategies showed the 70% of drug release after 60 minutes, the solvent casting method was the only
method that achieved the 50% of release after 5 minutes and the reaching of the 100% after just 120
minutes, as shown in the graphs of Figure 3. It is possible to suppose that in pharmaceutical films
prepared by solvent casting, drug molecules are more readily soluble since they are more accessible

to the aqueous solvent, being placed more on the surface of the SD, than the other formulations.

Table V. Drug loading values for all SD formulations prepared by spry drying (samples Al, B1 and
C1), solvent casting (samples A2, B2 and C2) and freeze drying (samples A3, B3 and C3)

respectively.

Sample Drug

name Loading
A3 9.20+0.2
A2 9.89+2.56
Al 5.96 £1.37
B3 8.54+1.95
B2 9.12+0.98
Bl 523+1.49
C3 7.56 £2.6
C2 9.74 £0.81
Cl 8.39+1.79
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Discussion

The aim of this piece of work was to investigate the pharmaceutical advantages of the methods
described above in terms of achivineg faster drug release profile, surface homogeneity and drug
incorporation capability on three different active molecules Olz, Dsm and Trm. At first the effect of
the polymers mixture on each drug saturation solubility has been evaluated. The experiment showed
an improvement of all drugs water solubility of more than 100%. This finding has been related to
the potential action of PVA and MDX as stabilizers or emulsifiers, they in fact, might have
decreased the surface tensions of the aqueous solutions or generated adsorption onto colloid whit
steric interactions that may be repulsive, stabilizing the system, although attractive interactions,
increasing the solubility of the adsorbed molecules®>27l, As in pharmaceutical research has always
been highlighted the importance of particle size on the final dissolution performance of the drug
delivery systems, the SEM analysis has been used for the purpose to understand which methods
were able to allow best reproducibility in term of shape and surface morphology. It has possible to
conclude that while freeze-drying and solvent-casting method allowed to obtain a good reliability in
term of shape and surface morphology, spray-drying need further optimization, depending by
various experimental variables in the samples preparation, as expected from previous work[?%,
Physical-chemical characterization has been conducted to evaluate both the absence of physical or
chemical interactions and the drugs solid state morphology. From the FTIR spectra no drugs-
polymers interactions were detectable and drugs main absorbance peaks were easily identified.
Each drug internal morphology has been then studied by DSC analysis. The data showed that all the
drugs remained in their crystalline state due to detection of drugs typical Tm. This allowed to
conclude that the formulation processes did not effected drugs morphology during operation steps,
while both polymers were maintained in their amorphous conformation. Such drugs-polymers
morphological structure is referred in literature as a second generation SD in which carriers,
generally polymeric, are in the amorphous state while the drug is dispersed molecularly within the

inert matrix as crystalline® *1, Then, dissolution studies have been conducted as the main aim of
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the present work was to evaluate which method was more suitable in increasing all drugs
dissolution rate performances. Overall, each formulation strategies showed to achieve a faster drug
dissolution profile compared to the pure drugs themselves. This is coherent with the funding that the
selected polymers, used as excipients for all the formulation, increase the solubility of each drug in
aqueous environment. However, in term of release, the solvent casting method was able to achieved
the release of more than 50% of each drug in 5 minutes compared with pure drugs and SDs
prepared by freeze-drying and spray-drying. It was, then, possible to suppose that in pharmaceutical
films prepared by solvent casting, the drugs molecules were more readily soluble since they have
been being placed on the surface of the SD respect to the other formulations, where the drugs were

internalised.

Conclusions

More than 40% of commercialized drugs are poorly soluble drugs and SD has been proposed since
decades as dosage form capable to increase those drugs dissolution profiles. As SDs could be
produced by several formulation strategies, in this work the three most common used, spray-drying,
solvent casting and freeze-drying, have been compared. In particular, the observed parameters were
surface homogeneity, drug incorporation capability, drug stability over the formulations process and
drug dissolution/release rate enhancement. It has been shown that freeze-drying and solvent-casting
method allowed to obtain more homogenous and reproducible surface morphology and
porous/particles size, while spray-drying did not show reproducible particle either in size or shape.
Moreover, spray-drying caused loss of drug during the production process, while the other two
methods allowed the best drug loading results. All the methods were able to maintain each drug in
their original crystalline morphology. According to the dissolution rate enhancement, all the method
allowed an increase in the dissolution rate, and this was in part attributed to the emulsifier
properties of the PVA/MDX mixture. In particular, solvent-casting generated the faster drug

dissolution/release rate, for all the used model drugs. These results suggest that solvent casting still
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represents the most efficient and repeatable production method for solid dosage forms, such as SD,

even if further investigations, to let the method industrially scalable and much innovative, are

needed.
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