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ABSTRACT

Albendazole (ABZ) is a benzimidazol (BZD) derivative with broad spectrum of activity against
human and animal helminth parasites. However, its poor water solubility gives rise to
formulation problems and reduced bioavailability. These problems can be reduced by increasing
the dissolution rate of the drug using different approaches such as solid dispersions (SDs).

This study was designed to formulate ABZ loaded SDs with improved dissolution profiles. For
this purpose, binary and ternary SDs were prepared by kneading and solvent evaporation
methods using the hydrophilic carriers such as polyethylene glycol 4000 (PEG), polyvinyl
pyrrolidone K-30 (PVP) and hydroxypropyl methylcellulose 5 cps (HPMC) and the surfactant
polysorbate 80. To prepare binary SDs, the carriers were used in three drug: carrier proportions
(2:0.5, 1:1, 1:2), where as in case of ternary SDs, polysorbate 80 was added at 0.1 proportion of
the pure drug for all proportions of the carriers used. Physical mixtures (PMs) containing the

above mentioned carriers were similarly prepared for comparison purpose.

Fourier Transformer Infrared Spectroscopy (FTIR) studies of the samples stored for 2 months
revealed interaction through hysdrogen bonding between the drug and the carriers. Differential
Scanning Calorimetry (DSC) of the PMs and SDs indicated decreased crystallinity of the drug.
Dissolution profiles of ABZ were remarkably improved from the binary and ternary SDs as well
as from ternary PMs than the pure drug (4.50% within 60 min). The rate and extent of
dissolution was significantly higher in the ternary systems than the binary systems (p < 0.5).
Solvent evaporation method demonstrated the highest dissolution profile. The ternary SD of
ABZ with PEG and polysorbate 80 at a ratio of 1:2:0.1 prepared with solvent evaporation
technique showed the highest dissolution profile with 100% of the drug released within 60 min.
The SDs with PEG showed higher dissolution profiles than with PVP in both the SDs prepared
by kneading and solvent evaporation techniques. From the SDs prepared by kneading method,
the highest drug release was observed with the carrier HPMC (88.8% of the drug being released
with 60 min) followed by PEG (81.4%). In al the formulations the release of ABZ was shown to

increase with increasing carrier proportions.

Xl



The prepared SDs were characterized for flow properties and compressibility. Tablets of selected
SDs were prepared by direct compression method and evaluated for their quality attributes. The
results revealed that the major factors that affect the SDs and tablet characteristics are carrier to
drug ratio, the amount of microcrystalline cellulose (MCC) and compression force. Thus, 3
factors, two level (2 3) full factorial experimental design was selected to investigate the effects of
the selected factors on the various responses such as flow property, compressibility and drug
release in 10 min and 60 min. Accordingly, the various models describing the relationship of the
selected variables were obtained using Design-Expert 9.0.6 software and the optimum area was
determined. The optimal points for the responses were found to be 55.09% for amount of ABZ
released within 10 min, 81.27% for amount of ABZ released within 30 min, 29.48° for angle of
repose, 94.60 N for hardness and 0.62% for friability when the factors are set at compression
force of 14.03 KN, carrier to drug ratio of 1.98 and concentration of MCC of 23.57%. The
validity of obtained optimal point was confirmed experimentally. Evaluation of the optimized
formulation showed successful formulation of ABZ SD tablets. The release profiles of the
optimized tablet formulation were superior to marketed tablets. Thus, it can be concluded that the
dissolution of ABZ is significantly enhanced by SD technique.

Key Words. Albendazole;, HPMC; Kneading; PEG; Physical mixture; Polysorbate 80; PVP;
Solid dispersion; Solvent evaporation
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1. INTRODUCTION

Ora drug delivery is preferred for most drugs due to its several advantages like greater
flexibility in design and high patient compliance (Vaskula et al., 2012). The vast mgority of
orally administered drugs are intended to be absorbed from the gastro-intestina tract (GIT). The
slowest step in the series of rate processes that controls the overall rate and extent of appearance
of drug in the systemic circulation is called the rate limiting step. The particular rate limiting step
may vary from drug to drug (Giri et al., 2010). The rate limiting step for most of the
pharmaceutical formulations is low solubility and dissolution (Gawai et al., 2013: Rajesh et al.,
2011)

The idea of permeability and solubility characteristics had been helpful to classify the drug under
four classes prescribed by biopharmaceutics classification system (BCS) (Thorat et al., 2011).
The BCS groups poorly soluble compounds as Class |1, compounds which feature poor solubility
and high permeability and Class 1V, compounds which feature poor solubility and poor
permeability. Those drugs dissolve slowly, poorly and irregularly, and hence pose serious
delivery challenges, like incomplete rel ease from the dosage form, poor bioavailability, increased
food effect and high inter-patient variability (Nagabandi et al., 2011) .

In addition, poorly water-soluble drugs often require high doses in order to reach therapeutic
plasma concentrations after oral administration. Improvement in the extent and rate of
dissolution is highly desirable for such compounds, as this can lead to an increased and more
reproducible oral bioavailability, and subsequently to clinically relevant dose reduction and more
reliable therapy (Tgjas et al., 2010).

A possible strategy to improve solubility and, thus, bioavailability, without modifying drug
chemical structure, strictly connected to therapeutic properties is to act on drug physical
properties (Simone et al., 2012). Especially for Class Il substances, the bioavailability may be
enhanced by increasing the solubility and dissolution rate of the drug in the gastro-intestinal (Gl)
fluids (Thorat et al., 2011).



1.1. Solid dispersion (SD)

Enhancement of bioavailability of hydrophobic drugs is one of the mgor challenges in drug
development (Anupama et al., 2011a). Over the years, a number of techniques have been
developed to improve the dissolution of poor water soluble drugs, such as inclusion
complexation, salt formation, cogrinding, solubilization, and particle size reduction (Akiladevi et
al., 2011; Rupad et al., 2009).

Among other techniques SD is one of the popular methods to enhance dissolution rate (Jahan et
al., 2011). This technique has been used by various researchers who have reported encouraging
results with different drugs. The first drug whose rate and extent of absorption significantly
enhanced using this technique was sulfathiazole by Sekiguchi and Obi (Sekiguchi and Obi,
1961). With accelerated increase in the number of FDA-approved products in recent years, SD is
now firmly established as a platform technology for the formulation of poorly-soluble drugs
(Huang and Dai, 2014). Few examples of SDs available in market are Sporanox® (iterconazole),
Intelence® (etravirine), Prograf® (tacrolimus), Crestor® (rosuvastatin), Gris-PEG®
(griseofulvin) and Cesamet® (nabilone) (Mahapatraet al., 2012).

The term SD refers to a group of solid products consisting of at least two different components,
generally a hydrophilic matrix and a hydrophobic drug. The matrix can be either crystalline or
amorphous. The drug can be dispersed molecularly, in amorphous particles (clusters) or in

crystalline particles.

1.1.1. Typesof solid dispersion

1.1.1.1 Physicochemical classification of solid dispersions

|. Simple eutectic mixture

A simple eutectic mixture consists of two compounds that are completely miscible in the liquid
state but only to a very limited extent in the solid state (Chowdary et al., 2014). An eutectic
mixture of a sparingly water soluble drug and a highly water soluble carrier may be regarded
thermodynamically as an intimately blended physical mixture of its two crystalline component
(Varmaet al., 2012).



Solid eutectic mixtures are usually prepared by rapid cooling of a co-melt of the two compounds
in order to obtain a physical mixture of very fine crystals of the two components. When an
eutectic mixture is exposed to water or gastrointestina fluids, the soluble carriers dissolve
rapidly leaving very fine crystalline state that will rapidly go into solution. Due to increased
surface area of the insoluble compound, an enhanced dissolution rate and hence an increased oral
absorption is obtained (Giri et al., 2010).

[l. Solid solutions

Solid solution consists of a solid solute dissolved in a solid solvent. The particle size in solid
solution is reduced to molecular level. It was reported that a solid solution of a poorly soluble
drug in a fast dissolving carrier achieves a faster dissolution rate than an eutectic mixture
because the drug particle size is reduced to its absolute minimum asit is molecularly dispersed in
the carrier in a solid solution. Solid solutions can be classified by two methods. According to the
extent of miscibility of the two components, they may be classified as continuous or
discontinuous (Patidar et al., 2011b).

In continuous solid solutions, the two components are miscible in the solid state in al
proportions. Theoretically, this means that the bonding strength between the two components is
stronger than the bonding strength between the molecules of each of the individual components.
Solid solutions of this type have not been reported in the pharmaceutical literature to date. In
discontinuous solid solutions, the miscibility or solubility of one component in the other is
limited (Chowdary et al., 2014).

[11. Glass solutions and suspensions

A glass solution, also known as an amorphous solution, is a homogeneous system in which a
glassy or a vitreous form of the carrier solubilizes drug molecules (Giri et al., 2010). A glass
suspension refers to a mixture in which precipitated particles are suspended in a glassy solvent.
The glassy state is characterized by transparency and brittleness below the glass transition
temperature. Glasses do not have sharp melting points; instead, they soften progressively on
heating. The lattice energy, which represents a barrier to rapid dissolution, is much lower in glass
solutions than in solid solutions (Patidar et al., 2011b).
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An important disadvantage of glass solutions is that the glassy state is metastable compared to
the crystalline state. Depending on its physicochemical properties and storage conditions a glass
can convert into a crystalline solid. Crystallization from the amorphous state over practica time
scales can be prevented by keeping the operating temperature below (glass transition
temperature) T, by reducing the water content or by raising the T of the system using additives
with high Tqvalues (Giri et al., 2010).

V. Amorphous precipitationsin acrystallinecarrier

The difference between this group of SDs and the simple eutectic mixture is that the drug is
precipitated out in an amorphous form in the former as opposed to a crystalline form in the latter
(Kaur et al., 2012).

1.1.1.2 Classifications of solid dispersion on the basis of carrier used

|. First generation

First generation SDs were prepared using crystalline carriers such as urea and sugar, which were
the first carriers to be employed in SD. They have the disadvantage of forming crystalline SD,
which are thermodynamically more stable and did not release the drug as quickly as amorphous
ones (Kaur et al., 2012).

I. Second generation

In the 1960s, it was reported that amorphous SD was more effective than crystalline SD because
of the thermodynamic stability. Therefore the second generation SDs contained amorphous
carriers which are mostly polymers that can be fully synthetic, which include
Polyvinylpyrrolidone (Kalyanwat and Patel, 2010) polyethyleneglycols ( Chauhan et al., 2005;
Dabbagh and Taghipour, 2007; Venkatesh et al., 2008) and polymethacrylates. The other is
natura product based polymers, which is composed of cellulose derivatives like
hydroxypropylmethylcellulose ~ (Arunachadam e  al.,, 2011) ethylcellulose or
hydroxypropylcellulose or starch derivates, like cyclodextrins (Kim et al., 2011).



Polyethylene glycols

Polyethylene glycols (PEGS) are polymers of ethylene oxide (Fig. 1.1), with a molecular weight
(MW) usualy falling in the range 200-300,000 (Nikghalb et al., 2012). For the manufacture of
SDs and solutions, PEGs with molecular weights of 1,500-20,000 are usually employed
(Mahapatra et al., 2012). As the MW rises, so does the viscosity of the PEGs (Nikghalb et al.,
2012).

H—O—+—C—C—O1—H

Figure 1.1: Molecular structure of PEG

Their solubility in water is generally good, but reduces with MW. A meticulous advantage of
PEGs for the SDs include good solubility in numerous organic solvents (Nikghalb et al., 2012),
low toxicity and wide drug compatibility (Anupama et al., 2011b). The melting point (M.p.) of
the PEGs of interest lies under 65 °C in every case (e.g. the M.p. of PEG 1000 is 30-40 °C, the
M.p. of PEG 4,000 is 50-58 °C and the M.p. of PEG 20,000 is 60-63 °C). Additional attractive
features of the PEGs include their ability to solubilize some compounds and also to improve
compound wettability (Nikghalb et al., 2012).

PEGs are widely used in a variety of pharmaceutical formulations. Generally, they are regarded
as nontoxic and nonirritant materials. Orally higher-molecular-weight PEGs are not significantly
absorbed from the GIT. Absorbed PEGs are excreted largely unchanged in the urine, although
low molecular weight may be partially metabolized (Rowe et al., 2006).

Polyvinylpyrrolidone

Polymerization of vinyl pyrrolidone leads to polyvinyl pyrrolidone (PVP) of MWs ranging from
2,500 to 3,000,000 (Manchara et al., 2014) . Depending upon the conditions of polymerization,



PVP can be prepared in avariety of MWs expressed by the so called “K-values” (Eq. 1.1), which
are based on viscosity measurements (Chadha et al., 2006).
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Where Z isthe viscosity of PVP at a concentration C relative to water

PVP is mainly used as a binder in tablet formulations but it also increases the dissolution of the
active ingredient. The soluble PV P grades are useful for preparing solid solutions and dispersions
because of their good hydrophilization properties, universal solubility and ability to form water

soluble complexes (Kadajji et al., 2011) .

The structure of PVP consists of the polymeric unit of lactam with an internal amide bond (Fig.
1.2) which is polar and of a highly water soluble functional group making PVP highly
hydrophilic. This water solubility can improve dispersed drug's wettability. Therefore, oral
bioavailability would be improved by taking SDs prepared with PVP. It has high solubility in
both water and broad ranges of organic solvents. Therefore the solvent method is adjustable to
SD using this carrier (Kim et al., 2011).

H,C
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Figure 1.2: Molecular structure of PVP

PVP is aso able to prevent crystallization of amorphous drug. This is mostly offered by
antiplasticizing effect of PVP and by its surface adsorption and efficient steric hindrance for
nucleation and crystal growth (Chadha et al., 2006). Because of these advantages, PVP is the

most commonly used polymer as carrier in making SDs. The toxicity of PVP is not problematic



a al in per ora SD formulations since the possibility to be absorbed in the GIT is low because
of the comparatively large MW (Kim et al., 2011).

Hydroxypropylmethylcellulose (HMPC)

HPMC (Fig. 1.3) is mixed ethers of cellulose, in which 16.5-30% of the hydroxyl groups are
methylated and 4 - 32% is derivatized with hydroxypropyl groups. The MW of the HPMC ranges
from about 10,000 to 1,500,000 and they are soluble in water and mixtures of ethanol with
dichloromethane and methanol with dichloromethane (Nikghalb et al., 2012).

HPMC products vary chemically and physically. The magor chemical differences are in degree of
methoxyl substitution, moles of hydroxypropoxyl substitution, and degree of polymerization.
Varying ratios of hydroxypropyl and methyl substitution in different products influence
properties such as organic solubility and thermal gelation temperature of agueous solutions and
swelling behavior (Gafourian et al., 2007).
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Figure 1.3: Molecular structure of HPMC



[I1. Third generation

Some studies evidenced that the dissolution rate may be improved using carriers, which possess
surface activity or self-emulsifying properties. These third generation SDs showed to be more
efficient for bioavailability enhancement and more stable SDs owed mainly to a reduction of
drug recrystallization (Castro et al., 2010).

A surface-active carrier (SAC) may be preferable in amost all cases for the SD of poorly water-
soluble drugs. A commonly used surfactant, Polysorbate 80, when mixed with solid PEG, has
also been reported to be an aternative SAC. Polysorbate 80 is liquid at room temperature; it
forms a solid matrix when it is mixed with a PEG because it incorporates within the amorphous
regions of PEG solid structure. The PEG-polysorbate carriers have been found to enhance
dissolution and bioavailability of drugs from the SD. Other important SACs include poloxamers,
Gelucire 44/14 and Vitamin E R-apha-tocopheryl polyethylene glycol 1000 succinate (TPGS)
(Dhirendraet al., 2009).

1.1.2. Preparation of solid dispersions

Various preparation methods for SDs have been reported in the literature. These methods deal
with the challenge of mixing a matrix and a drug, preferably on a molecular level, while matrix
and drug are generally poorly miscible (Tiwari et al., 2009). The methods used to prepare SDs
include melting, solvent evaporation and kneading (Shinde et al., 2010). Modifications of these
methods and combination of them have also been used.

|. Solvent evaporation method

Tachibana and Nakamura were the two researchers who firstly applied solvent evaporation
method for the preparation of SDs (Tachibana and Nakamura, 1965). The first step in the solvent
method is the preparation of a solution containing both matrix material and drug. The second
step involves the removal of solvent(s) resulting in the formation of a SD. The first challenge is
to mix both drug and matrix in one solution, which is difficult when they differ significantly in
polarity. To minimize the drug particle size in the SD, the drug and matrix have to be dispersed

in the solvent as fine as possible, preferably in the dissolved state in one solution (Dhirendra et



al., 2009). Methods for solvent evaporation can be sub-classified as follows; vacuum drying,
spray drying, freeze drying (lyophilization), and supercritical fluid evaporation (SCF). Vacuum
drying is often used in the solvent evaporation method. A mixture of the drug and carrier is
evaporated in a vacuum. Then, the manufactured SD is kept in a desiccator until the residual
solvent is extirpated (Kim et al., 2011).

Spar drying is an established method that is initiated by atomizing suspensions or solutions into
fine droplets followed by a drying process, resulting solid particles. The process alows rapid
drying, production of fine, dust free powder as well as agglomerated ones to precise
specifications (Masters, 1991).

The other method is freeze drying method (lyophilization), which has been thought of a
molecular mixing technique. The drug and carrier are co-dissolved in a common solvent, frozen
and sublimed to obtain a lyophilized molecular dispersion (Patidar et al., 2011a). The merit of
this method is nominal thermal problems. What is more important is that possibility of phase
separation is minimized. However, because the freezing point of most organic solvents is quite

low, it is difficult to sublime the organic solvent completely (Kim et al., 2011).

On the other hand, supercritical fluid method is aso often used as the solvent evaporation
method. Carbon dioxide is currently the most commonly used supercritical fluid. Because of its
low critica temperature (31.06°C) and low critical pressure (7.38 MPa), it is suitable to
precipitate heat-sensitive drugs (Arunachalam et al., 2011). In the context of manufacturability,
rate of cooling and solvent removal is stringently controlled, resulting in acceptable batch to
batch variation (Kayanwat and Patel, 2010).

The main advantage of the solvent method is thermal decomposition of drugs or carriers can be
prevented because of the relatively low temperatures required for the evaporation of organic
solvents. However, some disadvantages are associated with this method such as higher cost of
preparation, the difficulty in completely removing liquid solvent, possible adverse effect of
traces of the solvent on the chemical stability and selection of a common volatile solvent
(Hasnain and Nayak, 2012; Jahan et al., 2011).



II. Melting method

Sekiguchi and Obi first proposed the melting or fusion method, to prepare fast release SD dosage
forms. In this method, the PM of drug and water-soluble carrier is heated directly until it is
melted. The melted mixture is then cooled and solidified in an ice bath under vigorous stirring
until solidification. The final massis crushed, pulverized and sieved (Sekiguchi and Obi, 1961).

The main advantages of this method are its smplicity and economy. Although frequently
applied, the fusion method has serious limitations. Firstly, a mgor disadvantage is that the
method is only applied when the drug and matrix are compatible and when they mix well at the
heating temperature. When the drug and matrix are incompatible two liquid phases or suspension
can be observed in the heated mixture which results in an inhomogeneous SD and this problem

can be prevented by using surfactants (Giri et al., 2010).

Secondly, a problem can arise during cooling when the drug matrix miscibility changes. In this
case phase separation can occur. Indeed, it was observed that when the mixture was slowly
cooled, crystalline drug occurred, whereas fast cooling yielded amorphous SDs. Thirdly,
degradation of the drug and or matrix can occur during heating to temperatures necessary to fuse
matrix and drug (Kommavarapu et al., 2014).

The degradation of somewhat thermolabile drugs can be prevented by using melt extrusion
method. In this method the drug/carrier mix is typicaly processed with a twin screw extruder.
The drug/carrier mix is simultaneously melted, homogenized and then extruded and shaped as
tablets, granules, pellets, sheets, sticks or powder. The intermediates can then be further
processed into conventional tablets. An important advantage of the hot melt extrusion method is
that the drug/carrier mix is only subjected to an elevated temperature for about 1 min (Sameer et
al., 2011).

The other method is melt agglomeration process in which the binder acts as a carrier. This
process consists heating the binder, drug and excipients to a temperature above the melting point
of the binder or by spraying a dispersion of drug in molten binder on the heated excipients by
using a high shear mixer. The effect of binder type, method of manufacturing and particle size

are critical parameters in preparation of SDs by melt agglomeration. It has been investigated that
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the spray on procedure with PEG-3000, Poloxamer 188 and gelucire 50/13 attributed to
immersion mechanism of agglomerate formation and growth. In addition, the melt in procedure

also results in homogeneous distribution of drugs in agglomerate (Y adav and Tanwar, 2015).
[11.Kneading method

A mixture of accurately weighed drug and carrier is wetted with solvent and kneaded thoroughly
using a glass mortar. The paste formed is dried and sieved (Chowdary et al., 2014).

1.1.3. Mechanismsof enhanced dissolution

The main reasons postul ated for the observed improvements in the dissolution of insoluble drugs

form SDs are as follows;
A. Reduction of particlesize:

In case of glass, solid solution and amorphous dispersions, particle size is reduced to a minimum
level. This can result in an enhanced dissolution due to an increase in the surface area (Chowdary
et al., 2014).

B. Solubilization effect:

A strong contribution to the enhancement of drug solubility is related to the drug wettability
improvement verified in SDs. It was observed that even carriers without any surface activity,
such as urea improved drug wettability. Carriers with surface activity, such as cholic acid and
bile salts are used, which can significantly increase the wettability property of a drug. Moreover,
carriers can influence the drug dissolution profile by direct dissolution or co-solvent effects
(Dhirendraet al., 2009).

C. Particleswith higher porosity

Particles in SDs have been found to have a higher degree of porosity. The increase in porosity
also depends on the carrier properties; for instance, SDs containing linear polymers produce

larger and more porous particles than those containing reticular polymers and, therefore, results
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in a higher dissolution rate. The increased porosity of SD particles aso hastens the drug release
profile (Dhirendraet al., 2009).

D. Drugsin amor phous state

The enhancement of drug release can usually be achieved if the drug is in its amorphous state,
because no energy is required to break up the crystal lattice during the dissolution process as is the
case in crystalline substances. In SDs, drugs are presented as supersaturated solutions after system
dissolution, and it is speculated that if drugs precipitate it is as a metastable polymorphic form with
higher solubility than the most stable crystal form (Thakur et al., 2014).

E. Interactions of the drug with carrier functional groups

Konno and Taylor reported that hydrogen bonding interactions existed in felodipine SDs with
PVP, hydroxypropyl methylcellulose acetate succinate (HPMCAS), and HPMC where all
polymers were able to maintain the amorphous state of the drug even a low excipient
concentrations (Konno and Taylor, 2006). Tantishaiyakul et al.’s studies, the intermolecular
hydrogen bonding between piroxicam and PVP in their SDs was aso confirmed by FTIR
(Tantishaiyakul et al., 1999).

F. Complex formation:

In SD, a drug forms a complex with an inert soluble carrier in solid state. The availability of the
drug depends on the solubility and stability constant of the compound or complex and the
absorption rate of the drug. It is suggested that the dissolution rate and oral absorption can be
enhanced by formation of water soluble complex with high dissolution constant. One of the most

frequently used complex carriers are within the class of Cyclodextrins (Sapkal et al., 2013).

Limitations

Despite the extensive research that revealed the advantages of SDs, their application in the
market is limited (Kim et al., 2011) because of the drawbacks such as problems in scale up,
stability of the drug and vehicle (changesin crystalline) and (Ankush et al., 2011) requirement of
high percentage of carrier materials (Ankush et al., 2011; Okonogi and Puttipipatkhachorn,
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2006; Thakur et al., 2014). However, these problems have been surmounted to some extent by
some possible solutions. For instance, there have been substantial improvements in the
manufacturing methods. In addition combined carriers can be used instead of using high amounts
of single carrier material. This approach not only reduces the amount of carrier material required
but also increases the drug dissolution (Ankush et al., 2011).

To make up for the stability problem, using polymers that can make certain cross-links or
hydrogen bonding with the drug and reduce its nucleation rate is being actively studied (Kim et
al., 2011). It is recognized that the maority of drugs contain hydrogen-bonding sites,
consequently, several studies have shown the formation of ion-dipole interactions and
intermolecular hydrogen bonding between drugs and polymers, and the disruption of the
hydrogen bonding pattern characteristic to the drug crystalline structure (Sapkal et al., 2013).

1.2. Albendazole (ABZ)

ABZ, methyl [5- (propylthio)-1-H-benzimidazol-2yl] carbamate (Fig. 1.4) is a BZD derivative
with broad spectrum of activity against human and animal helminth parasites (Alanazi et al.,
2007). It was first approved for treatment of helminthic infections in sheep in 1977 and
subsequently approved for human use in 1983. In general, most ascariasis, trichuriasis,
enterobiasis and hookworm infections can be successfully treated with single dose ABZ and
strongyloidiasis with multiple doses of ABZ. ABZ has also been used in the treatment of
capillariasis, gnathostomiasis, trichostrongyliasis, hydatidosis, taeniasis, neurocysticercosis, and
the tissue nematodes cutaneous larval migrans, toxicariasis, trichinosis and filariasis (in
combination with other anthelmintics) (Anupamaet al., 2011a).

O
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H

Figure 1.4: Methyl [5-(propylthio)-1H-benzimidazol-2-yl] carbamate (Albendazole)

13



1.2.1. Physicochemical characteristics of albendazole

ABZ is a white to faintly yellowish (USP30-NF25, 2007), odorless powder with poor flow
property. It has a molecular weight of 265.34 g mol™® and the molecular formula is
C12H15N302S. It is a Class Il BCS substance, with low solubility and high permeability
(Cavalcanti et al., 2012). The M.p of ABZ is 209°C and its solubility constant (n-octanol) at
neutral pH is 0.75 = 0.2 (g/ml) (Castro et al., 2010). ABZ is practicaly insoluble in water
(Pranzo et al., 2010) and most organic solvents (ethanol), properties that influence its absorption
and behavior in the body (El Harti et al., 2014). It is freely soluble in anhydrous formic acid;
very dlightly soluble in ether and in methylene chloride (USP30-NF25, 2007).

X-ray diffraction revedled that ABZ showed crystalline behavior and the absence of
polymorphism. Scanning electron microscopy also showed crystals of different sizes and shapes

with a strong tendency to aggregate (Caval canti et al., 2012).

Dueto their chemical features, all the BZD drugs are sensitive to light, with behavior common to
all members of this class of compounds. The amine derivative from hydrolysis of the carbamic

group has been reported to be the main photo-degradation product (Y agoub et al., 2013).

Following storage for one and two months, ABZ expressed noticeable change in assay down to
85.3 and 74.6%, respectively. It showed high photosensitivity in solution but a reliable stability
in solid form and when exposed to a temperature up to 50 °C. The thermal degradation test,
performed under temperatures from 20 to 50 °C, demonstrated a very high stability both in solid
and solution form. These temperature val ues were considered areliable range that can be reached
in the drug storages of the tropical lands. These results confirmed that the degradation process
was caused just by light and not by high temperature (Y agoub et al., 2013).

1.2.2. Pharmacokinetics and phar macodynamics of albendazole

Severa studies suggest that only limited absorption of BZD anthelmintics are achieved in cats,
dogs and humans, owed mainly to their low dissolution rate on the gastric fluid (Castro et al.,
2010). The intestinal absorption of ABZ in human has been shown to be < 5% (Fernando et al.,
2011).
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After oral administration, ABZ is metabolized rapidly by flavin mono-oxygenases (FMO) and by
the hepatic microsomal cytochrome P450 (CY P) into the chiral metabolite albendazole sulfoxide
[(+)-ABZ-SO; (-)-ABZ-SO)], which possess anthelmintic activity, and into the non-chiral
metabolite abendazole sulfone (ASON) which lacks pharmacologic activity (Eslami et al., 2006;
Mahler et al., 2008; Margues et al., 2002). As it undergoes very rapid first pass metabolism in all
species, the unchanged drug has not been reliably detected in plasma. Plasma levels of the initial
oxidized metabolites (the sulphoxide (a) and sulphone (b)) (Fig. 1.5) in al species are much
higher than the parent drug (El Harti et al., 2014).

After an oral dose of 400 mg, peak plasma levels of ABZ-SO reach 0.04-0.55 mg/L, with great
variation between individuals (Venkatesan, 1998). ABZ-SO iswidely distributed throughout the
body; it is 70% bound to plasma proteins. Clearance of the parent drug is very rapid in all species
but that of the sulphoxide and sulphone metabolites is slower with a half-life of 8-12 h in man.
Excretion occurs very largely as metabolites in bile. Only metabolites of ABZ are excreted in

animals and man, as metabolism is very extensive (Dayan, 2003).
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Figure 1.5: Chemical structures of albendazole sulphoxide (a) and abendazole sulphone (b)

The anthelmintic activity of ABZ has been related to their selective antimitotic activity dueto the
preferential binding of these agents to helminthic tubulin over mammalian tubulin (Vazquez et
al., 2003). It is thought to act by blocking glucose uptake in the larva and adult stage of
susceptible parasites, thereby depleting the energy stores and decreasing formation of ATP
leading to immobilization and death of the parasite (EI-Rahman et al., 1999). ABZ induces the
enzymes of the cytochrome P450 system responsible for its metabolism (Venkatesan, 1998).
Increased systemic bioavailability of this drug was reported when the drug was co-administered
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with a fatty meal, fruit juice, or taken as drug solution with co-solvent, or with surfactants (El-
Badry et al., 2008).

The incidence of side effects reported in the published literature on the use of ABZ for intestina
helminthiasis is very low, with only gastrointestinal side effects (Horton, 2000). When used in
lengthy therapies such as for hydatoses and neurocysticercosis, ABZ can produce liver
degeneration. Hence, it is not recommended for patients with hepatic problems. ABZ is
teratogenic and embryotoxic and consequently cannot be administered to pregnant women. The
safety of ABZ for children of less than two years has not yet been established (Moriwaki et al.,
2008).

1.3. Rationalefor dissolution enhancement of albendazole

The low cost and broad spectrum activity of ABZ make it typicaly the drug of choice for
treatment of several parasitic diseases (Moriwaki et al., 2008). Severa studies suggest that only
limited absorptions are achieved in cats, dogs and humans, owed mainly to their low dissolution
rate on the gastric fluid (Castro et al., 2010). This property is amajor disadvantage for the use of
ABZ in the treatment of systemic helminthiasis. Furthermore, the lack of water solubility reduces
flexibility for formulation and administration (Alanazi et al., 2007) which is the mgor problem
for pharmaceutical formulators to formulate it into solid dosage form. Therefore, to overcome

the problem by improving its dissolution rate is an important goal .
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1.4. Objectives
1.4.1. General objective

To enhance the dissolution of ABZ using SD technique.

1.4.2. Specific objectives

To prepare binary and ternary SDs of ABZ with selected carriers using kneading and
solvent evaporation techniques,

To study drug excipient interactions and DSC thermal behavior of the formulations;

To study the dissolution of ABZ from the formulations prepared;

To determine the effect of carrier type, drug to carrier ratio, preparation method and
surfactant effect on the dissolution profile of ABZ; and

To formulate and optimize tablets of selected SDs and compare the dissolution profile of
the optimized formulation with marketed tabl et.
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2. EXPERIMENTAL
2.1. Materials

ABZ was a generous gift from East African Trading PLC. HPMC 5cp (Univa, china), PEG
(Unival, china), PVP K-30 (Shangai Weéllton, china), Polysorbate 80 (Tween 80),
Microcrystalline Cellulose (Avicel PH 102, NB, Entrepreneurs. Nagpur, India), Sodium Starch
Glycolate (China Associate Co. Ltd, Shenzhen, China), Colloidal Silicon Dioxide (Aerosii®) (
Wacker Silicon, Germany), Magnesium Stearate (China Associate Co. Ltd, Shenzhen China),
and other chemicals were kindly donated by Ethiopian Pharmaceuticals Share Company
(EPHARM). ABZ 200mg tablet was purchased as a potential comparator. All chemicals and
solvents used were of pharmaceutical grade. Distilled water was used throughout the study.

2.2. Methods
2.2.1. Preparation of solid dispersions

SDs of ABZ containing various proportions and type of carriers with and without surfactant
(Table 2.1) were prepared using kneading and solvent evaporation methods as described bel ow.

|. Kneading

In this method, first the carriers and the carriers mixture with surfactant were wetted with water
(30% of the total formulation) for the SDs with PEG and PVP and (50% of the total formulation)
for HPMC in mortar and pestle. Then the drug was incorporated and kneaded further for 30 min
until a paste like consistency is formed. The mixture was then dried in a drying oven (Dry oven,
Kendro, Germany) at 50 °C until the moisture content was less than 2% (as determined by
Moisture Analizer, Mettler Toledo, Switzerland). Finaly the dried mixture was stored in a
desiccator for 48 h to remove residual moistures and the resulting solid was pulverized and
sieved using 250 ym mesh sieve.

18



Table2.1: Compositions and proportions of the drug, carriers and surfactant mixtures studied.

Formulation code Drug Carrier Surfactant Drug: Carrier: Surfactant Methods of preparation
Kneading Solvent evaporation
SDk1 ABZ PEG -- 1:0.5:0 kneading --
SDk> ABZ PEG -- 1:1.0 kneading --
SDk3s ABZ PEG -- 1:2:0 kneading --
SDka4 ABZ PEG Polysorbate 1:0.5:0.1 kneading --
SDks ABZ PEG Polysorbate 1:1:0.1 kneading --
SDke ABZ PEG Polysorbate 1:2.0.1 kneading --
SDse1 ABZ PEG -- 1:0.5.0 -- solvent evaporation
SDse ABZ PEG -- 1:1:0 -- solvent evaporation
SDge3 ABZ PEG -- 1:2:0 -- solvent evaporation
SDse4 ABZ PEG Polysorbate 1:0.5:0.1 -- solvent evaporation
SDges ABZ PEG Polysorbate 1:1:0.1 -- solvent evaporation
SDges ABZ PEG Polysorbate 1:2:.0.1 -- Solvent evaporation
SDk7 ABZ PVP -- 1:0.5:0 kneading --
SDks ABZ PVP -- 1:1.0 kneading --
SDko ABZ PVP -- 1:2:0 kneading --
SDk10 ABZ PVP Polysorbate 1:0.5:0.1 kneading --
SDk11 ABZ PVP: Polysorbate 1:1:0.1 kneading --
SDk12 ABZ PVP Polysorbate 1:2.0.1 kneading --
SDge7 ABZ PVP -- 1:0.5.0 -- solvent evaporation
SDggs ABZ PVP -- 1:1.0 -- solvent evaporation
SDsgo ABZ PVP -- 1:2.0 -- solvent evaporation
SDse10 ABZ PVP Polysorbate 1:0.5:0.1 -- solvent evaporation
SDse11 ABZ PVP Polysorbate 1:1:0.1 -- solvent evaporation
SDse12 ABZ PVP Polysorbate 1:2.0.1 -- solvent evaporation
SDk13 ABZ HPMC -- 1:0.5.0 Kneading --
SDk14 ABZ HPMC -- 1:1:0 Kneading --
SDk1s ABZ HPMC -- 1:2:0 Kneading --
SDk 16 ABZ HPMC Polysorbate 1:0.5:0.1 Kneading --
SDk17 ABZ HPMC Polysorbate 1:1:0.1 Kneading --
SDk1s ABZ HPMC Polysorbate 1:2:.0.1 Kneading --

Key: SD: solid dispersion, k: kneading, sg: solvent evaporation
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II. Solvent evaporation

In this method 16 g of the drug and 16 g of the carrier mixture were dissolved in 100 ml of
acidified ethanol (Hydrochloric acid (HCL), 6%) using an ultrasonic sonicator (Sonerex D2800,
Berline) for 15 min. The surfactant was added into the solution in case of the ternary systems.

The solvent was allowed to evaporate at 50 °C in drying oven (Dry oven, Kendro, Germany). To

ensure the residual solvent was completely removed, the moisture content was analyzed and

found to be less than 1%. The resulting SDs were stored in a desiccator, pulverized and sieved

through a 250 pm mesh sieve.

2.2.2. Preparation of physical mixtures

PMs of the corresponding SDs were prepared (Table 2.2) by mixing the drug and the carriers

with and without surfactant in a mortar until a homogeneous mixture is obtained (for 30 min).

The resulting mixtures were sieved through a 250 pm mesh sieve.

Table 2. 2: Compositions and proportions of the drug, carriers and surfactant of PMs studied.

Formulationcode Drug  Carrier Surfactant Drug: Carrier: Surfactant
PM; ABZ PEG - 1:0.5.0
PM, ABZ PEG -- 1:1:.0
PM3 ABZ PEG - 1:2:.0
PM, ABZ PEG polysorbate 1:0.5.0.1
PM5s ABZ PEG polysorbate 1:1:0.1
PMsg ABZ PEG polysorbate 1:2.0.1
PM- ABZ PVP - 1:0.5.0
PMg ABZ PVP -- 1:1:.0
PMg ABZ PVP - 1:2:.0
PM g ABZ PVP polysorbate 1:0.5.0.1
PM 1, ABZ PVP polysorbate 1:1:.0.1
PM, ABZ PVP polysorbate 1:2.0.1
PM 3 ABZ HPMC -- 1:0.5:0
PM14 ABZ HPMC - 1:1.0
PM s ABZ HPMC - 1:2:.0
PM 16 ABZ HPMC polysorbate 1:0.5.0.1
PM 7 ABZ HPMC polysorbate 1:1:0.1
PMsg ABZ HPMC polysorbate 1:2.0.1
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2.2.3. Estimation of drug content of solid dispersionsand physical mixtures

Content uniformity study of the formulations was done by preparing standard and sample
solutions according to the procedure stated in the USP (USP30-NF25, 2007). PMs & SDs
equivalent to 400 mg of ABZ were taken and dissolved separately in 500 ml acidified methanol.
The solutions were filtered using Whatman filter paper No.5 and diluted with 0.1IN (Sodium
hydroxide) NaOH. Drug content of the formulations was estimated spectrophotometrically by
measuring the absorbance of the sample solution and the standard solution at the wavelengths of

maximum and minimum absorbance at about 308 nm and 350 nm.

2.2.4. Determination of percent yield

The percent yield of the prepared ABZ SDs was determined by using the following equation:
Percent yield = (weight of prepared solid dispersion / weight of drug + carriers) x 100  Eq. 2.1

2.2.5. Dissolution study

The dissolutions of the pure drug, PMs and SDs were determined following the USP (USP30-
NF25, 2007) method using dissolution apparatus 2. The paddle speed was set at 50 rpm and the
temperature was maintained at 37 £ 0.5°C. The assayed amount of al the fromulations was
equivaent to 400 mg of ABZ and 900 ml 0.1 N HCI solution was used as a dissolution medium.
Ten ml aliquots were withdrawn at predetermined time intervals (at 3, 5, 10, 30, 60 min), and the
same amount of fresh medium was replaced in order to keep the volume constant and to maintain
sink condition in the vessel. The samples were filtered using Whatman filter paper No.5 and then
diluted with 0.1N NaOH. The concentration of dissolved drug was measured using a UV-Vis
spectrophotometer at 308 and 350 nm.

2.2.6. Evaluation of theformulations and statistical analysis

The FDA recommended model independent method, the similarity (f2) factors was used to
evauate the difference in dissolution profile between the pure drug and the prepared
formulations. To compare the differences in dissolution profiles between formulations, the data
was analyzed using Analysis of Variance (ANOVA) with Origin 8.5 (OriginLabTM Corporation,
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USA) dtatistical software. At 95% confidence interval, p-values of < 0.05 were considered

statistically significant.

2.2.7. Drug-polymer interaction analysis

2.2.7.1. Fourier-transform infrared spectroscopy (FTIR)
Drug-excipient interaction study was carried out on SDs stored for two months using FTIR

(FTIR-8400, Shimadzu, Japan). 5-10 mg of the samples were ground and mixed with an oily
mulling agent (Nujol) in a mortar and pestle. The mixtures were then placed on the surface of a
potassium bromide (KBr) plate and a second plate was placed on top of the two plates. The
compressed plate was then placed in the infrared spectrometer and the spectra were recorded.
The spectra were scanned over a frequency range of 4000 — 750 cm™ with a resolution of 4 cm™.

Background spectrum was collected before running the samples.

2.2.7.2. Thermal analysis

Samples were analyzed using DSC (DSC 200, Netzsch-Geréatebau GmbH, Selb, Germany). The
samples were weighed (6 mg) and sealed in an aluminum pan and then scanned at a heating rate
of 5°C /min between 25 - 240 °C under nitrogen gas, flowing at a rate of 100 ml/min. An empty

aluminum pan was used as areference.

2.2.8. Powder characteristics study of solid dispersions

Powder characteristics (flow properties, and compressibility) of the prepared formulations were
determined as described below. Each experiment was done in triplicate and mean and the

standard deviation were obtained.

2.281. Flow property study

Flow rate:

30 g of the Pure drug, PMs and SDs powder were transferred into a funnel which has 15 mm
internal diameter at the bottom. The powder was alowed to flow through the funnel and the time
was recorded. The flow rate was determined by dividing the amount of powder in gram (g) with

the time (sec) it took to pass through the funnel.
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Angle of repose:

Angle of repose was measured by using a fixed funnel method. Accordingly, 30 g of sample
from 10 cm height were allowed to flow through a glass funnel orifice with an inner diameter of
15 mm. The angle of repose (8, degree) was calculated by substituting the values of the base
radius'R' and pile height 'H' in Equation 2.2.

Angle of repose (8) = tan *"/x Eq. 2.2

Hausner’s Ratio (HR) and Carr’s Index (CI)

Samples of 30 g of the prepared formulations were carefully introduced into a 250 ml graduated
glass cylinder and the volume was measured. The bulk density (BD) of each formulation was
then obtained by dividing the weight of samples by their respective volumes (Eg. 2.3). Then, the
powder in the glass cylinder was tapped 500 times using tapped densitometer (ERWEKA, SVM
20, Germany). The volume was noted after tapping. The tapped density (TD) of each formulation
was then obtained by dividing the weight of sample by the final tapped volume (Equation 2.4).
Then, the HR and CI were calculated from bulk and tapped densities using Equation 2.5 and 2.6,

respectively.

BD = Weight of powder blend/volume of powder blend Eq. 2.3
TD = Weight of powder blend/tapped volume of powder blend Eqg. 24
HR =TD/BD Eq. 2.5
Cl = (TD-BD)/TD*100 Eq. 2.6

2.2.82. Compressibility study

The SDs powders were compressed at 10 and 20KN and compressibility was determined by
measuring hardness and friability as a function of compression force.
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2.2.9. Preparation and evaluation of tablets

The selected SDs (ternary SD of ABZ with PEG and polysorbate 80 (1:0.5:0.1 and 1:2:0.1)
prepared with kneading method) were accurately weighed and mixed with excipients such as
sodium starch glycolate (SSG), aerosil®, magnesium stearate and microcrystalline cellulose
(MCC) (Table 2.3). The excipients were passed through a 250 um sieve. SSG and MCC were
mixed with the SDs in a TURBULA® Mixer (Willy A. Bachofen AG, Turbula®2TF, Basd,
Switzerland) for 10 min at a speed of 49 rpm. Then aerosil® and magnesium stearate were added
and mixed for additiona 5 min. Powder characterization such as flow property and
compressibility of the various powder blends, were determined using the methods described in
section 2.2.8.1 and 2.2.8.2, respectively.

Table 2. 3: Compositions of powder blend for tablet compression.

Formulation Drug: Carrier: Surfactant Composition of excipients (%)
code Aerosil® SSG  MCC Magnesium stearate
F1 1:0.5:0.1 1 4 15 05
F2 1:0.5:0.1 1 4 20 05
F3 1:0.5:0.1 1 4 30 0.5
F4 1:2.0.1 1 4 15 0.5
F5 1:2:.0.1 1 4 20 05
F6 1:2:.0.1 1 4 30 05

Tablets were prepared by direct compression technique using a single punch machine (KORSCH
XP1-K0010288, Berlin, Germany) at 10 and 20 KN compression force. The prepared tablets
were evaluated 24 hrs after compression for content uniformity, hardness, friability,

disintegration time and drug release.

2.29.1. Hardnesstest

The hardness of 10 randomly selected tablets were measured using hardness tester (CALEVA,
THT 2). The hardness was determined by recording the crushing strength in Newton (USP30-
NF25, 2007).
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2.2.9.2.  Friability study

The total weight of 20 tablets was recorded and the tablets were placed in a friability tester
(Erweka, TAR20, Germany) and alowed to rotate a 20 rpm for 5 min. The tablets were
removed and reweighed. The percentage loss in weight with respect to the initial value was used
as ameasure of friability (USP30-NF25, 2007).

2.2.9.3. Content uniformity

Content uniformity study of the tablets were done according to the procedure stated in the USP
(USP30-NF25, 2007). Ten tablets from each batch were randomly selected and ground in mortar
and pestle. Samples equivaent to 400 mg of ABZ were taken and dissolved separately in 500 ml
acidified methanol. The solutions were filtered using Whatman filter paper No.5 and diluted with
0.1N NaOH. Drug content of the samples were estimated spectrophotometrically by measuring
the absorbance of the sample solution and the standard solution at the wavelengths of maximum
and minimum absorbance at about 308 nm and 350 nm.

2.2.9.4. Disintegration study

Disintegration time of tablets from each batch was determined as per the USP procedure in
which six tablets were placed in a disintegration apparatus filled with 800 ml of distilled water
maintained at 37 + 2°C (Erweka-ZT-3-4). The time of disintegration with no palpable mass
remaining in the apparatus was recorded as the disintegration time (USP30-NF25, 2007).

2.2.9.5. Dissolution study

The dissolution of the tablets were determined following the USP (USP30-NF25, 2007) as per
the procedure indicated in section 2.2.5.

2.2.10. Experimental design and optimization of ABZ tablet

Full factorial design was used to optimize the different responses (flow, compressibility and drug
release) in which the three factors (compression force, percentage of MCC, and drug to carrier
ratio) were studied at two level resulting in 8 experiments (2° = 8) (Table 2.4). The response

values were subjected to multiple regression analysis using Design-Expert 8.0.7.1 software to
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find out the relationship between the factors used and the response values obtained. Thus, a
systematic optimization was carried out using response surface methodology where the response
surface plot, the countor plot and the optimum area at which the desired responses were
obtained.

Table 2. 4: Factors and their levels.

Factors Levels
+1 -1
Drug/carrier (w/w) 2 0.5
Compression force (N) 20 10
Concentration of MCC (%) 30 20

2.2.11. Drug release kinetics and mechanism of drug release

Data obtained from in vitro release study of the optimized tablet formulation was fitted into
various kinetic equations. The kinetic models used are zero order, first order, Higuchi equation,
Hixson-Crowell and Korsmeyer-Peppas model (Equation 2.7-2.11).

Zeroorder release mode

Q=Q,- Kt Eq. 2.7

Where, Q is the amount of drug remaining in the dosage form at time t, Qo is the quantity of

drug present initially in the dosage form and K is the zero order rel ease constant.
First order release model
INQ =1InQ, - Kt Eq. 2.8

Where, Q is the amount of drug remaining in the dosage form at time t, Qo is the quantity of

drug present initially in the dosage form, and K is thefirst order release constant.

Higuchi squar e root model
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M

t — Kt1/2
My Eq. 2.9
Where, Mt/M e isthe fraction release of drug at timet, and K is rate constant.
Hixson-Crowell cube root model
Q=" -kt Eq. 2.10

Where Q is the amount of drug remaining in the dosage form at time t, Qo is the quantity of drug

present initialy in the dosage form and K is the rate constant for Hixson-Crowell rate equation.

In order to find out the mechanism of drug release, drug release data were fitted to the
Korsmeyer-Peppas model (Equation 2.11).

Eq. 2.11

Where Mt/M is the fraction of drug released at timet, K is the rate constant and n is the release
exponent that is used to characterize different release mechanisms (Dash et al., 2010).
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3. RESULTSAND DISCUSSION
3.1. Preparation of albendazole solid dispersions

This study focuses on enhancing the bioavailability of ABZ using highly drug loaded SDs of
binary and ternary mixtures that consist of drug, a polymeric carrier and a surfactant. The three
hydrophilic polymers (PEG, PVP and HPMC) were selected in this study because they have
shown to enhance the dissolution profiles of different drugs (Alanazi et al., 2007; Kim et al.,
2011).

There are different methods of preparing SDs and among the different methods kneading was
considered because it has been shown to be an industrialy feasible method (Venkatesh et al.,
2008). Solvent evaporation method was also considered since it has been shown to increase the
dissolution profile of many drugs (Chhater and Praveen, 2013; Howlader et al., 2012; Jahan et
al., 2011; Jatwani et al., 2011; Jahan et al., 2011). Melting method is another common method in
SD preparation which is suitable for drugs and ingredients for which melting is very easy. While
the lower melting point of PEG (50-58°C) (Nikghalb et al., 2012) used in this study makes it
possible to use this method, the higher melting point of ABZ (209°C) and the first stage
decomposition of ABZ below its melting point that is 197.22 - 205.94 °C makes the method
unsuitable (Cavalcanti et al., 2012). Therefore, in this study kneading and solvent evaporation
techniques were used.

ABZ is practically insoluble in water and alcohol (El Harti et al., 2014) . It is very dightly
soluble in ether and in methylene chloride but soluble in acidified methanol (USP30-NF25,
2007). Thus, In this study methanol was replaced by ethanol which is a less toxic aternative
(Tiwari et al., 2009) and acidified ethanol was used as a common solvent for both the drug and
the carriers (PEG and PVP).

Besides, the solubility of the drug and the carriers was found to be dependent on the degree of
acidity (percentage of HCI). Hence the drug and the carriers (PEG and PVP) were dissolved in
ethanol of various acidity (i.e. 2, 4, 6, 8 and 10% HCL in ethanol). The results showed that as
compared to the 2% solution the amount of ABZ dissolved increased more than 6 times (16
g/100ml) at 6% HCI. However, further increase in HCl percentage showed no significant
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increase in amount of ABZ dissolved, rather the amount of PEG dissolved decreased and the
viscosity of PVP increased. Therefore, the 6% solution was chosen as a common solvent for this
study. However, the third carrier used in this study, HPMC, was found to be insoluble in
acidified ethanol, consequently, in this study this carrier was used for kneading method only.

PMs were obtained by blending the components whose compositions are detailed in Table 2.2.
PMs were included in the study, to assess the effect of preparation technique on dissolution
profile of the drug apart from the effect of carriers used.

Moreover, one of the challenges of enhancing drug bioavailability using SD technology in
pharmaceutical product development is that mostly a large amount of carrier is required to
achieve the desired dissolution (Ankush et al., 2011; Okonogi and Puttipipatkhachorn, 2006;
Thakur et al., 2014). Thus, in this study the level of carrier used was given due attention and the
drug: carrier was maintained at 1:0.5, 1:1 and 1:2 (polysorbate 80 in 0.1 proportion was added to
the ternary systems).

3.2. Drug content and percent yield

The quantity of ABZ in each formulation was determined using equation 3.1 (USP30-NF25,
2007).

Amount of ABZ = 25C (AU/As) Eg. 3.1

Where

C is concentration of USP ABZ RS in the standard solution (ug/ml); Au is the difference in
absorbance between 308 nm and 350 nm from the sample solution; and AS is the difference
in absorbance between 308 nm and 350 nm from the sample solution.

Percentage drug content was found to be within the range of 95.87 + 0.71% to 99.15 + 0.44%.
This indicates that the drug was uniformly distributed throughout the prepared formulations.
Percent yield of the SDs were also determined and results were found to be between the ranges
of 90.00 = 1.20% to 97.57 £ 1.10%. All determinations are the mean of three determinations.
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3.3. Dissolution

Dissolution is a common characterization test used by the pharmaceutical industry to guide
formulation design and to control product quality. It is often arequired performance test for solid
dosage forms, transdermal patches, and suspensions. Dissolution is also the only test that
measures in vitro drug release as a function of time, which may reflect the reproducibility of the
manufacturing process and, in some cases, the drug's in vivo performance. Dissolution is defined
as the process by which solid substance enters in solvent to yield a solution. Simply, dissolution

isamass transfer from a solid surface to liquid phase (Ramesh, 2011).

In the dissolution study the percentage of ABZ released was determined according to USP
(USP30-NF25, 2007) using UV spectrophotometer, where the amount of ABZ released is
calculated using the equation 3.2. The amounts of drug released at 3, 5, 10, 30 and 60 min were
calculated to study the release profile (Equation. 3.2).

Amount of ABZ released = 22.5C (AU/AS) Eq. 3.2
Where

C isconcentration in pg/ml of ABZ in the standard solution (9 pg/ml);

Au isthe difference in absorbance between 308 and 350nm of the solution under test

Asisthe difference in absorbance between 308 and 350 nm of the standard solution

Therefore, the standard solution was prepared in triplicate and the average difference in
absorbance (As) between 308 and 350 nm was found to be 0.7069 with STD of 0.003. The

dissolution profile for each formul ation was plotted as percent rel eased versus time (min).

During dissolution experiments it was noticed that al the binary and ternary SDs powder
prepared with the three carriers settled to the bottom of the dissolution vessel. The PMs of the
ternary system also settled instantly, whereas the binary PMs and the pure drug floated for along

period of time on the surface of the dissolution medium.

As can be seen in figure 3.1, the dissolution of ABZ was very insignificant with only 3.70% and
4.50% of the drug going into solution in 30 and 60 min, respectively. On the other hand, increase

in dissolution profiles were observed in both PMs and SDs.
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Figure 3. 1: Dissolution profile of ABZ from the binary PMs and SDs with PEG.

Different factors can be mentioned for the observed improvement in dissolution profile of this
drug including the type and proportions of the hydrophilic carriers used in the preparation and
the effect of the surfactant. The effect of the different factors was studied using the similarity
factor f2 metrics proposed by Moore and Flanner (Ma et al., 1999). Similarity factor 2 is
adopted by FDA Center for Drug Evaluation and Research (CDER) as an assessment criterion of
similarity between different in vitro profiles. It is defined by Equation 3.3 (Ullah et al., 2011).

f,=50kg {1--%iw.(ﬁ,—ﬁjl-' :xm-[}l

Eq. 3.3

Where Rt is the percentage dissolved at each time point for the reference formulation, Tt is the

percentage dissolved at each time point for the test formulation, n is the number of dissolution
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sample times. The similarity factor is 100 when the test and reference profiles are identical and
approaches 0 as the dissimilarity increases. An f2 value between 50 and 100 suggests that two
dissolution profiles are similar and indicates a point-to-point difference of 10% or less (Bakshi et
al., 2012). The higher proportions of each carriers used was taken to compare the difference

between each formulations and p-value was calculated to see the significance in difference.

3.3.1. Dissolution profiles of purealbendazole, physical mixtures and solid dispersions
prepared using PEG

The release profiles of ABZ from the pure drug, PMs and SDs prepared using PEG alone as well
as with the addition of polysorbate 80 are shown in Figs. 3.1 and 3.2, respectively. Taking ABZ
as a reference, the f2 values were calculated for all the formulations prepared. The f2 values for

the binary and ternary PMs and SDs with this carrier arelisted in Table 3.1.
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SDs: solid dispersions, PMs: physical mixtures, K: kneading, SE: solvent evaporation.
Figure 3. 2: Dissolution profile of ABZ from the ternary PMs and SDs with PEG.
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From the results shown, the dissolution profiles of the pure drug and the binary PMs werefound
to be similar (f2 > 50). However, an increase in dissolution rate and extent was observed with
increasing carrier proportion. On the other hand the f2 values of the corresponding ternary PMs
showed a remarkable improvment in dissolution profiles than the pure drug (Table 3.1). The
differences from the binary PMs were also significant (p < 0.05). The drug released within 60
min from the ternary PMs was more than 4 folds as compared to the binary system. This result

can berelated to the wetting and solublizing effect of polysorbate 80.

Table 3. 1. Similarity factor (f2) values of binary and ternary PMs and SDs of ABZ with PEG in
comparison to the pure drug.

Comparison f2- values Dissolution
profile
PM; and Pure ABZ 96.02 Similar
PM, and Pure ABZ 84.99 Similar
PM3 and Pure ABZ 59.99 Similar
PM, and Pure ABZ 13.61 Dissimilar
PMs and Pure ABZ 12.41 Dissimilar
PMg and Pure ABZ 11.98 Dissimilar
SDk; and Pure ABZ 27.38 Dissimilar
SDy, and Pure ABZ 21.43 Dissimilar
SDy3 and Pure ABZ 19.14 Dissimilar
SD4 and Pure ABZ 11.88 Dissimilar
SDys and Pure ABZ 11.01 Dissimilar
SDkg and Pure ABZ 10.6 Dissimilar
SDg; and Pure ABZ 11.31 Dissimilar
SDg, and Pure ABZ 6.02 Dissimilar
SDg; and Pure ABZ 511 Dissimilar
SDg,and Pure ABZ 9.76 Dissimilar
SDgs and Pure ABZ 4.57 Dissimilar
SDgs and Pure ABZ 2.65 Dissimilar

Key: SD: solid dispersion, k: kneading, sg: solvent evaporation
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The f2 values of the SDs with kneading method showed the difference in dissolution profile
between the pure drug and the SDs (both binary and ternary system). As compared to the
corresponding PMs there was also a significant (p < 0.5) increase for both the binary and ternary
systems. This can be associated with the intermeshing of the drug particles within the wetted
hydrophilic carrier. Increased drug release was aso shown with increasing carrier proportion

associated with the increased interaction between the drug and the carrier.

There was a significant difference (p < 0.5) in dissolution rate and extent between the binary and
ternary SDs with this method as observed for the PMs. For instance, there has been around 1.5
and 1.4 folds increase in the amount of the drug released for the ternary system at 30 and 60 min,
respectively than the corresponding binary system. This could be partly attributed to the
reduction in the surface tension between the drug and the dissolution medium due to the addition
of Polysorbate 80, leading to higher interaction of drug to Polysorbate 80 and consequently to
increased drug wettability. The increase in wettability was also practicaly observed by the
immediate settling of the ternary PMs which was not the case for the binary PMs.

The dissolution profiles of SDs prepared using solvent evaporation, however, exhibited superior
release compared to the other formulations where there was 51.09, 68.00 and 70.36% of the drug
released in 3 min, for the 1:0.5, 1:1 and 1:2 proportions, respectively, and more than 80% of the
drug was released for the 1:1 and 1:2 proportions within 30 min. This can be attributed to the

molecular dispersion of drug in the carrier allowing the formation of solid solution.

The difference in dissolution profile between the binary and ternary system with solvent
evaporation method was shown to be significant though less significant than kneading method as
well as PMs.

3.3.2. Dissolution profiles of pure albendazole, physical mixturesand solid dispersions
using PVP

Fig. 3.3 and 3.4 represents the effect of PVP on ABZ dissolution profile from its PMs and SDs.
As can be seen in the figures, the dissolution profile of ABZ was improved by severa folds both
through physical mixing and preparation of SDs using kneading and solvent evaporation

techniques.
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Figure 3. 3: Dissolution profile of ABZ from the binary PMs and SDs using PVP.

The f values were calculated and listed in Table 3.2. The difference in the amount released from
binary PMs was found to be similar as compared to the pure drug which is similar to the binary
PMs prepared using PEG. Even though there was increase in dissolution as the proportion of the
carriers increase, with the maximum proportion used in this study it was found to be marginal
(f2 > 50). However the percent dissolute of the drug from the ternary PMs was found to be

remarkably higher signifying the solubilizing effect of Polysorbate 80 (Fig 3.4).

The dissolution rate and extent of ABZ was shown to increase remarkably as compared to the
PMs for both the binary and ternary SDs with kneading method which also indicates the effect of

the preparation method on the dissolution.
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Figure 3. 4: Dissolution profile of ABZ from the ternary PMs and SDs using PVP.

The SDs of PVP prepared with solvent evaporation technique have shown the highest amount of
ABZ released as compared to the kneading method and PMs. Similar results were also shown for
the SDs with the other carrier used (PEG). These results demonstrated the success of solvent
evaporation method to enhance the dissolution of ABZ than the PMs and SDs with kneading
method.

Even though the difference in dissolution profiles between the binary and ternary systems are
significant (p < 0.5), the differences observed were higher for PMs than SDs. As also shown
above with the other carrier used (PEG) the solubilizing effect of polysorbate 80 is more
significant in PMs than SDs and more significant in SDs with kneading method than with solvent
evaporation.
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Table 3. 2: Similarity factor (f2) values of binary and ternary PMs and SDs of ABZ with PVPin

comparison to the pure drug.

Combination f2-metric  Dissolution
values profile
PM- and pure ABZ 99.45 Similar
PMg and pure ABZ 96.02 Similar
PMg and pure ABZ 81.11 Similar
PM 10 and pure ABZ 18 Dissimilar
PM1; and pure ABZ 16.6 Dissimilar
PM 1, and pure ABZ 14.53 Dissimilar
SDk7 and pure ABZ 41.92 Dissimilar
SDkg and pure ABZ 29.41 Dissimilar
SDko and pure ABZ 23.73 Dissimilar
SDk10 and pure ABZ 15.24 Dissimilar
SDk11 and pure ABZ 13.01 Dissimilar
SDk12 and pure ABZ 11.55 Dissimilar
SDgs7and pure ABZ 17.05 Dissimilar
SDsg and pure ABZ 10.24 Dissimilar
SDgy and pure ABZ 521 Dissimilar
SDg;0 and pure ABZ 12.26 Dissimilar
SDg;; and pure ABZ 6.35 Dissimilar
SDsg;2 and pure ABZ 4.87 Dissimilar

Key: SD: solid dispersion, k: kneading, sg: solvent evaporation.

This decrease in the contribution of Polysorbate 80 in enhancing dissolution with preparation
method can be associated with the fact that in SDs prepared with solvent evaporation method, the
drug molecules are aready found in molecular state so that once exposed to the dissolution
medium they will dissolve immediately. This effect is aso shown for the SDs prepared with
kneading method since there could be molecular dispersion of the drug to some extent. On the

other hand it is unlikely for the PMs to result in molecular dispersion of the drug. The wetting
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effect of the surfactant would be able to create a favorable micro-environment around the

particles facilitating the dissolution process.

To compare the effect of the type of carrier on dissolution enhancement the higher carrier
proportion used was considered i.e. (drug: carrier) 1:2 for the binary system and (drug: carrier:
surfactant) 1:2:0.1 for the ternary system. The effect of PEG was found to be higher (p < 0.05)
than PVP for all the PMs and SDs prepared with kneading and solvent evaporation method.

3.3.3. Dissolution profiles of pure albendazole, physical mixturesand solid dispersions
using HPMC

Figs. 3.5 and 3.6 represent the effect of HPMC on ABZ dissolution from its binary and ternary
PMs and SDs. Like the case with PEG and PVP, the dissolution of ABZ has been increased by
several folds for the ternary PMs and for both the binary and ternary SDs prepared by kneading
method. The release rate and extent from the SDs was much better than the PMs. However, the
dissolution profiles of the binary PMs were found to be similar to that of the pure drug (f2 > 50)
(Table 3.3).
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Figure 3. 5: Dissolution profile of ABZ from the binary PMs and SDs prepared with HPMC.
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Table 3. 3: Similarity factor (f2) values of binary and ternary PMs and SDs of ABZ with
HPMC in comparison to the pure drug.

Formulation code f2-values  Dissolution profile
PMj3 and pure ABZ 95.69 Similar
PM14 and pure ABZ 79.83 Similar
PMis and pure ABZ 51.95 Similar
PMj6 and pure ABZ 16.66 Dissimilar
PM17 and pure ABZ 15.42 Dissimilar
PMig and pure ABZ 15.16 Dissimilar
SDk13 and pure ABZ 27.12 Dissimilar
SDk14 and pure ABZ 24.67 Dissimilar

SDk15 and pure ABZ 21.77 Dissimilar
SDk16 and pure ABZ 10.36 Dissimilar
SDki7 and pure ABZ 9.48 Dissimilar
SDk1s and pure ABZ 7.16 Dissimilar

Key: PM: Physical mixture, SD: solid dispersion, k: kneading

The addition of surfactant has shown a remarkable increase in dissolution profile (Fig. 3.6), the
effect being signified on the PMs than the SDs, which is in agreement with the results obtained
with the other carriers (PEG and PVP). The increase in dissolution rate and extent was

proportional with the amount of the carrier used.

The observed increase in dissolution profile with increased carrier proportion, (as shown for all
the carriers used in this study) can be explained as follows: If the ratio of drug to polymersistoo
high, molecularly dispersed state of the drug could change into crystalline state. On the other
hand, if the carrier has much higher ratio to drug, then crystallization of drug can be prevented to
some extent, leading to induction of solubilization and rapid release (Kim et al., 2011).

Considering kneading method of preparation the ternary SD prepared with HPMC (SDk18) has
given the best dissolution profile than the SDs prepared with the other carriers (PEG and PVP)
(Fig. 3.6). Around 67.00% of drug has been released within 5 min and 88.77% of the drug has
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been released within one h. The PMs prepared with this carrier has also shown better release than
with PEG and PV P showing the superiority of HPM C on improving drug release of ABZ.
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SDs: solid dispersions, PMs: physical mixtures, K: kneading.
Figure 3. 6: Dissolution profile of ABZ from the ternary PMs and SDs prepared with HPM C.

3.4. Drug-polymer interaction analysis
3.4.1. Fourier-transform infrared spectroscopy study

Among the various methodologies used to study drug excipient interactions, the commonest
approaches include FTIR spectroscopy and DSC. FTIR study shows interaction between
molecules at the level of functional groups (Biswas and Maity, 2011). In polymer blends, mixing
of two components at the molecular level will cause changes in the oscillating dipole of the
molecules (Akiladevi et al., 2011). Structural changes and the lack of a crystal structure can lead
to changes in the molecular bonding energy between functional groups, which can be detected by
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FTIR Spectroscopy (Biswas and Maity, 2011). In this study, the ternary PMs and SDsin 1:1:0.1

(drug: carrier: surfactant) proportions were selected for FTIR analysis.

Changesin the FTIR spectrum are recorded as new bands, band disappearing, a shift or widening
of the existing bands as well as a change in their intensity. Interactions observed between the SD
components such as physical adsorption phenomenon, an effect of electrostatic force, hydrogen
bond and vander Walls interactions are in genera reversible, while the chemical interactions,
including ion exchange, protonation, complexation are irreversible changes. Studies show that
the degree of physical adsorption depends to similar extent on physicochemical properties of

both SD components, i.e., both drug substance and excipients (Karolewicz et al., 2012).

As can be seen in Fig. 3.7, the spectrum of pure ABZ showed characteristic peaks at 3311.55
cm™* representing the amide NH bond and at 1712.67 cm™ representing the ester C=0O bond
corresponding to the carbamate portion of the ABZ molecule. Another absorption band appeared
a 1618.17 cm™ representing the aromatic C=C bond. Besides, other absorption bands from the
aliphatic hydrocarbon group at 2952.32 cm™ and the ether bond,C-O streching at 1095.49 cm™

were obtained.

The PM and SD prepared by kneading method showed all the characteristic peaks of ABZ except
the SD showed a shift from 2952.32 cm-1 to 2916cm-1 corresponding to aliphatic hydrocarbon
group of ABZ. There was disappearance of band at 3413.77 cm-1 which corresponds to OH
stretching of PEG. Shift in C-H stretching of PEG from 2894.9 cm-1 to 2852 cm-1 has also been
shown (Figs 3.8 and 3.9). The reason might be due to the interaction of aiphatic hydrocarbon
group of ABZ with OH group of PEG through hydrogen bonding explaining the significant
difference in enhancing dissolution between the PMs and the SDs with kneading method (See
Section 3.3.1).
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Figure 3.8: FTIR spectrum of PEG
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Figure 3. 8. FTIR spectrum of physical mixture of ABZ, PEG and polysorbate 80 in 1:1:0.1
ratios.
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Figure 3. 9: FTIR spectrum of solid dispersion of ABZ, PEG and polysorbate 80 in 1:1:0.1 ratio
prepared by kneading method.
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The FTIR spectrum of SD with solvent evaporation technique showed disappearance of
absorption bands at 3311.55 cm™, 1095.49 cm-1and 1618.17 cm™ corresponding to amide NH,
ether and aromatic C=C bonds of ABZ, respectively and 3413.77 cm™ corresponding to OH
stretching of PEG indicating an interaction between drug and the carrier. (Fig. 3.10).
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Figure 3. 10: FTIR spectrum of solid dispersion of ABZ, PEG and polysorbate 80 in 1:1:0.1

ratio prepared by solvent evaporation technique.

The PM of the drug in ternary system with PVP and polysorbate 80 showed all the characteristic
peak of ABZ and PVP (Fig. 3.11). The spectra of PMs were similar to the spectra obtained by
the mixture of polymer and the drug. This indicated that no interaction occurred with simple
physical mixing of the drug and PVP. However the SD prepared using kneading method showed
shifts in some of the characteristic peaks of ABZ and PV P including shifts from 3311.55 cm™ to
3303.83 cm™ representing the amide NH bond of ABZ and from 1290 cm™ (C-N band for
tertiary amines) to 1269.07 cm™ of PVP (Fig. 3.12). PVP is known to be capable of forming H-
bond either through the nitrogen or carbonyl group on the pyrrolidine ring (Akiladevi et al.,
2011). Here the nitrogen group might be responsible for the formation of hydrogen bonding with
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amide NH bond of ABZ explaining the interaction demonstrated in DSC thermogram (See
Section 3.4.2).
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Figure 3. 11: FTIR spectrum of PVP.
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Figure 3. 12: FTIR spectrum of physical mixture of ABZ, PVP and polysorbate 80 in 1:1:0.1
ratios.
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Figure 3. 13: FTIR spectrum of solid dispersion of ABZ, PVP and polysorbate 80 in 1:1:0.1
ratio prepared by kneading method.

The FTIR spectrum of SD of ABZ, PVP and polysorbate 80 (Fig. 3.13) prepared by solvent
evaporation technique showed all the characteristic peaks of ABZ as well as the carrier which
might be a sign of abcence of intraction.

=T o

nno

g -

A alaaly] wuoy frd Ltu] PN 1782 1820 10 1 Fea
ARI-FVE KI0 Pand (51

Figure 3. 14: FTIR spectrum of solid dispersion of ABZ, PVP and polysorbate 80 in 1:1:0.1
ratio prepared by solvent evaporation technique.
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The PM and SD prepared by kneading using HPM C showed all the characteristics peaks of ABZ
except there was a slight shift from 3311cm™ (amide NH bond of ABZ) to 3299.98 and 3321.19
to the PM and SD, respectively. In both the PM and SD spectra, al the peaks of pure HPMC
have appeared without any shift except for the disappearance of the peak between 3500-3400 cm
! which corresponds to OH vibrational stretching (Figs 3.14 and 3.15). This indicates the
formation of hydrogen bonding between the amide NH bond of ABZ and the OH group of
HPMC. Thus, the formation of hydrogen bonding can explain the observed increase in
dissolution (See Section 3.3.3) which is one of the mechanisms enhanced dissolution in SDs.

Figure 3. 15:FTIR spectrum of HPMC
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Figure 3. 16: FTIR spectrum of physical mixture of ABZ, HPMC and polysorbate 80 in 1:1:0.1

ratios.
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Figure 3. 17: FTIR spectrum of solid dispersion of ABZ, HPMC and polysorbate 80 in 1:1:0.1
ratio prepared by kneading method.
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3.4.2. Thermal analysis

DSC detects the temperature at which thermal events occur. Thermal events can be a glass to
rubber transition, (re)crystallization, melting or degradation (Dhirendra et al., 2009). When the
sample is heated peaks indicating changes in enthalpy and specific heat are recorded. Each peak
refers to the specific thermal effect resulting from the process, such as crystallization or melting.
The sample crystallization is confirmed by a sharp peak on the thermogram, indicating the
exothermic nature of the transformation. On the other hand, the process of melting characteristic
for samples with the crystalline structure only is detected as the endothermic peak on the
thermogram. Peaks of the DSC curve associated with melting cannot be found for the amorphous
forms. Lack of a peak related to SD melting on DSC indicates that the substance predominatesin
the amorphous form in the formulation (Karolewicz et al., 2012).

Thermal analysis was done for the pure drug, the carriers and the ternary PMs and SDsin 1:1:0.1
(drug: carrier: surfactant) proportions. As can be seen in Figs 3.16 - 3.18, ABZ and PEG showed
asingle endothermic peak at 206.12 °C and 63.62 °C, respectively corresponding to their melting
point. PVP and HPMC showed broad DSC endotherms ranging from 28.65 to 130.14 °C and
25.90 to 99.94 °C, respectively, which might be associated with the presence of residual
moisture in those carriers. Polysorbate 80 is liquid a room temperature; therefore, no peak is
expected under the experimental conditions used.

The DSC thermograms of the PM and SD prepared with PEG showed the characteristic peak of
PEG related to its melting point with no additional peaks. However, as can be seen in Fig 3.16,
ABZ peak has disappeared which could be due to the presence of the carrier that decreased the
crystallinity and stabilizing the amorphous structure of the drug. This finding could explain the
observed enhancement in the dissolution profiles of ABZ (See Section 3.3.1). On the other hand
on the DSC thermogams of the SDs with PVP and HPMC, the peak of ABZ has shifted towards
the lower temperature range from the peak of the pure ABZ (Figs 3.17 and 1.8). This shift could
be as a result of interaction between ABZ and the carriers (PVP and HPMC) though the
formation of hydrogen bond which is aso shown on the FTIR study (See Section 3.4.1).
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Figure 3. 18: DSC Thermogram of Pure ABZ, PEG, PMs, SDks and SDss (Key: PMs: Physical
mixture of ABZ, PEG and polysorbate 80; SD ks: Solid dispersion of ABZ, PEG
and polysorbate 80 prepared by kneading method; SDss: Solid dispersion of ABZ,
PEG and polysorbate 80 prepared by solvent evaporation method.

It has been reported that the shape of the peaks of the DSC thermogram and enthalpy may
change due to the presence of impurity in the materials used for analysis. Thus, changes in the
melting endotherm of the pure ABZ could be due to the mixing of the drug and the carriers,
which lowers the purity of each component in the mixture and may not necessarily indicate

potential incompatibility (Pehlivan et al., 2011).
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Figure 3. 19: Thermogram of Pure ABZ, PVP, PMy;1, SDk11 and SDs;; (Key: PM1;: Physical
mixture of ABZ, PVP and polysorbate 80; SDk11: Solid dispersion of ABZ, PVP
and polysorbate 80 prepared by kneading method; SDg;1: Solid dispersion of
ABZ, PVP and polysorbate 80 prepared by solvent evaporation method).
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DSC Thermogram of Pure ABZ, HPMC, PM17 and SDk17 (Key: PM17: Physical
mixture of ABZ, HPMC and polysorbate 80; SDk;7: Solid dispersion of ABZ,
HPMC and polysorbate 80 prepared by kneading method).
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3.5. Powder characterization of solid dispersions

The powder characteristics (flow property and compressibility) have to be evaluated if SDs are
intended for solid dosage forms. Flow properties and compressibility were determined for the
ternary SDs, since in all formulations the ternary system has been shown to be superior in

dissolution profile. The results are shown in Table 3.4.

In general, the SDs prepared showed good to fair flowability (angle of repose ranging from 29.16
+ 0.74 t0 39.91 * 1.41, Hausner ratio from 1.03 £ 0.04 to 1.19 + 0.03 and Carr index from 7.01 +
0.19 to 18.21 + 0.22). As shown in Table 3.4, the flow property of the SDs prepared by
kneading method was superior to SDs prepared by solvent evaporation method. In addition,
significant improvement in flow property was observed when the carrier proportion increased
from 1:0.5 to 1:2. The SDs with PV P showed better flow property than the two carriers followed
by PEG.

The compressibility study demonstrated that the SDs compressed at 10 KN and 20 KN
compression force had hardness ranging from 43.67 + 1.25 to 68.33 £ 2.05, and from 60.67 +
1.25t0 87.67 + 2.05, respectively. Tablets that have hardness greater than 50 N and that loss less
than 1% of their weight after friability test are generally considered acceptable (BP, 2000).

The SDs prepared with PEG compressed at 10 KN resulted in tablet hardness greater than 50 N.
The SDs with PVP and HPM C has aso shown hardness greater than 50 N except with the lowest
drug to carrier ratios used (1:0.5). The hardness was shown to increase with increasing carrier
proportion which could be related to the carrier’s property to aid as direct compression binders
(Rowe et al., 2006). All the tablets with the higher carrier proportion (drug to carrier ratio of 1:2)

resulted in percent friability of less than one.
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Table 3. 4: Powder characteristics study of ternary SDs.

Formulations Flow rate Angle of Hausner  Carr’s index Hardness (N) £STD Friability (%)£STD
(9’;?8* repose (°) ratiox  (%)+STD g 10KNCF a20KNCF at10KNCF at20KN CF
STD STD

SDk4 NF 3477+133 116+0.04 16.00+049 5067+1.70 69.00+200 123+0.02 1.08+0.02
SDks NF 3322+146 113+0.02 1540+051 5567+170 7233+208 111+0.01 0.89+0.01
SDke 357+£027 3141+118 112+0.02 11.03+0.33 6833+205 87.67+205 0.98+0.03 0.73+0.02
SDse4 NF 3804+099 115+001 1821+022 4622+129 6233+208 126+0.03 1.09+0.03
SDeges NF 3691+084 116+0.02 1535+042 5011+164 69.33+252 109+0.02 0.87+0.01
SDses NF 3432+119 119+003 1443+0.11 60.00+216 7567252 099+0.02 0.76+0.03
SDk10 NF 3217+147 114+002 11.70+039 47.00+216 67.97+208 098+0.01 0.81+0.01
SDk11 401+£021 3190+136 110+001 899+0.17 5467+167 71.33+252 096+0.03 0.70+0.02
SDk12 434+041 2916+0.88 1.08+001 7.01+019 7256+175 8867+252 0.73+0.01 055+0.01
SDse10 NF 3498+093 103+0.04 1323+041 4367+125 60.67+125 103+0.02 0.89+0.03
SDeenn NF 33.37+1.39 1.12+0.03 10.8+0.28 50.89+1.64 69.33+252 1.01+0.04 0.73+0.02
SDse12 NF 316+1.20 115+0.03 940+041 6556+204 73.00+£200 0.89+0.02 0.51+0.02
SDx16 NF 3991 +£+1.21 117+0.01 17.7+0.51 4733+ 1.7 65.33+ 153 1.02+0.03 0.80+0.03
SDk17 NF 3844+128 116+004 1594+024 5389+245 73.67+252 097+0.03 0.67+0.03
SDx1s NF 36.05+1.10 119+0.04 1534+0.17 6833+262 8533+208 084+0.02 0.58+0.01

Key: SD: Solid dispersion, K: Kneading, SE: Solvent evaporation, NF: Does not pass through the funnel, CF: Compression force
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3.6. Preparation and evaluation of tablets

Disintegration or dissolution is the rate-limiting step in absorption of poorly soluble active
pharmaceutical ingredient (API) from tablets. The tablets prepared by direct compression
disintegrate into API particlesinstead of granules that directly come into contact with dissolution
fluid and exhibits comparatively faster dissolution (Dokala and Pallavi, 2013). Although simple
in terms of unit process involved, the direct compression process is highly influenced by powder
characteristics such as powder flowability and compressibility which may require a very critical
selection of excipients (Sanjay and Natvarlal, 2009).

Even though in this study the solvent evaporation method has shown significantly higher
dissolution profile (p < 0.5) than kneading method, it resulted in powders with inferior
compressibility and flow property (Table 3.4). In addition this method has been identified to be
expensive (Kapoor et al., 2012) and removal of the solvent is difficult (Singh et al., 2011). It
may be necessary to evaporate hundreds of liters of organic solvent required to prepare SD for
kilogram quantities of the drug. Considering the fact that ABZ is a cheap drug using a
manufacturing method that is expensive may not be appropriate choice from economic point of

view. As aresult, kneading method was selected for tablet compression and optimization.

The powder characteristics study of the SDs prepared with kneading method demonstrated that
the SDs with HPMC resulted in powders with inferior flow property than the two carriers. Using
PVP resulted in superior flow property followed by PEG. However, SDs of ABZ with PEG were
found to be better in dissolution profile than with PVP (p < 0.5). Thus, the ternary SDs of ABZ,
PEG and polysorbate 80, prepared by kneading method were selected for tablet compression and

optimization.

The selected SD tablets were prepared by direct compression method. Accordingly the SDs were
weighed and mixed with direct compression excipients (Table 2.3). SSG was selected as a
superdisintegrant. Effect of the amount of SSG on the disintegration of the tablets was studied to
select the disintegrant level which could result in minimum disintegration time. Based on this,
2%, 4%, 6% and 8% SSG were evaluated. The 4% SSG gave optimum disintegration time, thus
it was used throughout the study. SSG and MCC were mixed with the SDs in a TURBULA®
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Mixer (Willy A. Bachofen AG, Turbula®2TF, Basel, Switzerland) for 10 min at a speed of 49

rpm. Then magnesium stearate and Aerosil® were added and mixed for additional 5 min.

3.6.1. Effect of glidants
Aerosi|® (0.5%, 1% and 2%) alone was used as a flow promoter initially but no significant

change was observed in flow property (SDy4, the SDs containing lower amount of carrier
couldn’t pass through the funnel). MCC with different concentration (15, 20 and 30%) was used
along with Aerosil® to improve the flow. MCC is the commonly used direct compression vehicle
which has good flow and compressible characteristics. In addition MCC is self-disintegrating
with low lubricant requirement even though those properties do not replace the need for
disintegrant and lubricant (lyer et al., 2013). No significant change in flow was observed when
15% MCC combined with 0.5, 1 or 2% Aerosil®. However, 20% MCC along with 1% Aerosil®
resulted in a significant improvement in flow than the SDs powder alone. (SDka4) passed through
the funnel with a flow rate of 3.46 = 0.12. No significant change in flow property was observed
between 20% MCC combined with 1% Aerosil® and 20% MCC with 2% Aerosil®. As a result
the Aerosil® content was maintained at1%. The flow property was shown to increase
significantly when MCC level was increased from 20% to 30% (Table 3.5). Consequently, the
amount of MCC was kept between 20% and 30% for further studies.

3.6.2. Effect of drugtocarrier ratio
SD blends for tablet compression, containing the largest amount of carrier proportion showed

better flow property and compressibility (Table 3.5), which was also confirmed in powder
characterization of SDs (Table 3.4). To determine the effect of drug to carrier ratio on tablet
characteristics, tablets with the higher (1:2) and lower (1:0.5) carrier proportions were
compressed at 10 KN.

As can be seen in Table 3.5, the lower carrier proportions (F1 - F3) resulted in a significantly (p
< 0.5) lower disintegration time and hardness than the corresponding higher carrier proportions
used (F4 - F6), which could be due to the binding effect of PEG (Rowe et al., 2006).
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Table 3. 5: Effect MCC amount and drug to carrier ratio on tablet characteristics.

Formulation  Flow rate Angle of Hausner  Carr’sindex Disintegrati Hardness(N)  Friability Drug released (%)
repose (°) ratio (%) ontime (%)
(g/sec) (Min)

10 min 30 min
F1 NF 3401+£093 1.15+0.03 1594+0.62 296+0.66 51.00+163 1.19+003 5081+265 71.34+0.51
F2 346+0.12 3272+0.74 113+0.04 1395+0.29 314+011 6033+£125 104+0.02 51.03+1.6 7231169
F3 402+011 2926+0.66 1.11+0.04 11.16+051 356+0.13 7333170 0.85+0.01 5294+107 71.24+219
F4 331+£011 31.01+059 112+005 1097+x042 4.08+0.09 68.00+£245 097+0.01 5413+1.07 79.27+252
F5 439+0.17 3002099 109+002 917+x039 495+011 73.00+£205 090+0.02 5517+1.6 8286170
F6 511+0.19 28.01+0.87 101+0.03 809+028 561+023 98.00+245 055+0.01 56.48+0.80 81.04+1.80

Key: F1: Solid dispersion of ABZ, PEG and polysorbate 80 prepared with kneading method in 1:0.5:0.1 ratio and mixed with 15%
MCC, 1% Aerosil, 4% SSG and 0.5% magnesium sterate; F2: Solid dispersion of ABZ, PEG and polysorbate 80 prepared with
kneading method in 1:0.5:0.1 ratio and mixed with 20% MCC, 1% Aerosil, 4% SSG and 0.5% magnesium sterate; F3: Solid
dispersion of ABZ, PEG and polysorbate 80 prepared with kneading method in 1:0.5:0.1 ratio and mixed with 30% MCC, 1% Aerosil,
4% SSG and 0.5% magnesium sterate; F4: Solid dispersion of ABZ, PEG and polysorbate 80 prepared with kneading method in
1:2:0.1 ratio and mixed with 15% MCC, 1% Aerosil, 4% SSG and 0.5% magnesium sterate; F5: Solid dispersion of ABZ, PEG and
polysorbate 80 prepared with kneading method in 1:2:0.1 ratio and mixed with 20% MCC, 1% Aerosil, 4% SSG and 0.5% magnesium
sterate; F6: Solid dispersion of ABZ, PEG and polysorbate 80 prepared with kneading method in 1:2:0.1 ratio and mixed with 30%
MCC, 1% Aerosil, 4% SSG and 0.5% magnesium stearate.



As shown in Table 3.5 the amount of drug released from SD tablets was lower than the SD
powder in the initial period (10 min) which is due to a lag time period resulting from tablet
disintegration. However, there was no significant difference in the final release of the drug
between the powder and the tablets, i.e., the amount released at 30 min was found to be similar
(p < 0.5). Significantly higher (p < 0.5) amount of drug release was achieved from tablets with
larger carrier proportion (drug to carrier ratio of 1:2). Thus the drug to carrier proportions 1:0.5

and 1.2 were considered for optimization.

3.6.3. Effect of compression force

The effect of compression force was studied on the formulations that contain the lowest amount
of carrier proportion and MCC (F1). Tablets were compressed at 7.5, 10, 15 and 20 KN.
Increasing compression force resulted in a significant increase (p < 0.5) in hardness and
disintegration time, and decrease in friability. Tablets compressed at 7.5 KN showed hardness
less than < 50 N and friability of 1.31 + 0.005 (Table 3.6). As aresult, 10 KN was taken as the
minimum compression force for optimization, 20 KN was considered as the highest compression
to be used since it resulted in percent friability <1 (0.88 £ 0.02).

Table 3. 6: Effect of compression force on tablet characteristics.

Formulation Compression Hardness(N)  Friability (%) Disintegration
force (KN) time (min)
Fla 7.5 43.33+ 2.08 1.31+0.05 1.96 + 0.06
Flb 10 50.67 + 1.53 1.11+0.03 2.90+0.10
Flc 15 65.33+ 2.52 1.00+0.03 3.26+0.10
F1d 20 73.00+£2.00 0.88+0.02 3.57+0.09

3.7. Optimization of formulations

The use of advanced techniques of optimization such as response surface methodology (RSM)

avoids problems of the traditional approach in that it provides best possible optimized solution
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and work efficiently at very few number of experiments to be performed that minimizes time,
as well as cost. The traditional approach requires determination of the dependent variable at each
and every combination of independent variables just varying only one at a time. The main
problems with this approach are the requirement to carry out a large number of experiments and
the uncertainty of actually finding the optimal conditions, because the interactions between

factors are not taken into account (Bezerraa et al., 2008).

RSM is a collection of statistical and mathematical techniques useful for developing, improving,
and optimizing processes in which a response of interest is influenced by severa variables and
the objective is to optimize this response (Ghanim, 2013). Before applying the RSM, identifying
the important factors among a wider set of possible controllable factors is the first stage in

optimization followed by selection of an experimental design (Bas et al., 2007).

The factors studied during tablet formulation of ABZ SD by direct compression method include
compression force, drug to carrier ratio and amount of MCC which were shown to significantly
affect the responses such as flow property and compressibility. In addition, in the preparation of
SDs the amount of carrier used was shown to affect drug release profile. The other independent
variables such as percentage of SSG, Aerosil® and magnesium sterate were kept constant at 4%,
1% and 0.5%, respectively. Thus, the three factors, drug to carrier ratio, compression force and
amount of MCC were considered for optimization. A full factorial design was used in which the

three factors were studied at two levels resulting in 8 experiments (Table 3.7).

Table 3. 7: Design layout of full factorial design to formulate ABZ tablets.

Formulation Carrier/drug~ Amount of MCC (%) Compression force (KN)

OF1 05 (-1) 20 (-1) 10 (-1)
OF?2 0.5 (-1) 30 (+) 10 (-1)
OF3 2 (+1) 20 (-1) 10 (-1)
OF4 2 (+1) 30 (+) 10 (-1)
OF5 0.5 (-1) 20 (-1) 20 (+1)
OF6 0.5(-1) 30 (+) 20 (+1)
OF7 2 (+) 20 (-1) 20 (+)
OF8 2 (+) 30 (+) 20 (+)
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Accordingly, SDs with the selected drug to carrier ratio were prepared using kneading method,
mixed with different excipients, characterized, compressed using direct compression method and
the tablet characteristics were studied. The responses were optimized using Design-Expert® 9.0.6

software.

3.7.1. Characterization of solid dispersion powder mixtures

In order to perform direct compression without any problems, it is necessary to consider certain
parameters such as flow property which is to be maintained in optimum range (Dokala and
Palavi, 2013). Thus, the SD powder mixtures were evaluated for various pre-compression

characteristics such as flow rate, angle of repose, Hausner’s ratio and Carr’s index (Table 3.8).

Table 3. 8: Characterization of SD powder mixtures of optimization formulations for tablet

compression.
Formulation Flow rate Angleof repose  Hausner ratio  Carr’s index (%)
(d/s) (degree)
OF1 351+0.11 32.81+0.37 1.13+0.03 14.02 £ 0.62
OF2 4.05 £ 0.07 29.16 £ 0.36 1.11+0.04 11.05+ 0.29
OF3 4.35+0.16 30.12+£0.73 1.1+0.03 9.22 +0.62
OF4 5.03 +£0.08 27.71+1.08 1.01+0.04 8.15+0.29
OF5 3.26+0.12 32.63 £ 0.63 1.13+0.01 13.88 + 0.41
OF6 3.94+0.12 29.47 £ 1.73 1.11 + 0.005 11.12+£0.35
OF7 431+0.12 31.06 £ 1.07 1.08 £ 0.005 9.41+0.16
OF8 516+ 0.12 27.03+0.79 1.00£0.01 8.27+0.12

As can be seen in Table 3.8 the SD powder mixtures for tablet compression resulted in a
significant improvement in flow property than the SD alone. All the powder mixtures passed
through the funnel with significant increase in flow rate. The SD prepared in drug to carrier ratio
of 1:0.5, which couldn’t to pass through the funnel, exhibited flow rate of 3.51 + 0.11g/sec
(OF1) and 3.26 £ 0.12g/sec (OF5). The Carr’s index and Hausner ratio were between 8.15 + 0.29
-14.02 + 0.62 and 1.01 = 0.04 - 1.13 + 0.03, respectively demonstrating good to excellent flow
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property (USP30-NF25, 2007). The angle of repose values were also in the range of 27.03 + 0.79
- 32.81 + 0.37, which also indicate excellent to good flow properties of the prepared SD powder

mixtures.

3.7.2. Characterization of solid dispersion tablets

Post compression analysis was done for the eight formulations prepared for optimization. As can
be seen in Table 3.8., the hardness of al the tablets were > 50 N (between 59.00 + 1.63 and
129.67 £ 3.40 N) indicating the hardness is above the acceptable limit reference (BP, 2000).
Tablets with the lower carrier proportion and concentration of MCC (OF1) compressed at 10 KN
resulted in the lowest hardness (59.00 + 1.63 N), and disintegration time (3.17 = 0.11 min). On
the contrary OF8, compressed at 20 KN with the highest carrier proportion and concentration of
MCC resulted in tablets with the highest hardness (129.67 = 3.40 N) and disintegration time
(7.28 £ 0.16 min). Thefriability was < 1 % for all the formulations except for OF1.

The amount of drug released within 10 min was shown to decrease with increasing compression
force, amount of carrier proportion and concentration of MCC (Table 3.9), which isrelated to the
lag time period due to disintegration. However, the amount of the drug released within 30 min
was not affected by disintegration time rather the amount of drug released from the tablets was
higher than the corresponding SD. There has been an increase in percent release of the drug from
69.10 + 0.84 to 73.19 + 1.04% for the 1:0.5 drug to carrier proportion and from 75.39 £ 0.66 to
83.02 + 2.80% for the 1:2 drug to carrier proportion. This could be due to the effect of MCC on
enhancing dissolution behavior. MCC has been shown to significantly improve the dissolution
behavior of drugsfrom PMsand SDs (Barzegar-Jalali et al., 2014; Chowdary and Rao, 2000)

Fig 3.19 shows the in vitro dissolution profiles of the eight formulations. Four of the
formulations containing the higher amount of carrier proportions (OF3, OF4, OF6 and OF8)
have released more than 80% of the drug meeting the pharmacopeia requirement which states
that not less than 80% of the label claim of ABZ tablet should be released in 30 min (USP30-
NF25, 2007).
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Table 3. 9;: Characterization of SD tablets.

Formulation Hardness Friability (%) Disintegration Amount of ABZ released
time (min) (%)
10 min 30 min
OF1 59.00 +1.63 1.03+0.02 317+011 5215+187 7319+1.04
OF2 72.67+ 125 0.86 £ 0.04 354+£013 51.38+206 71.11+1.99
OF3 71.67+1.70 0.89+£0.03 491+011 56.96+1.08 80.09+1.93
OF4 97.00 + 3.56 0.58 + 0.02 570+£023 57.33+£0.60 8219+211
OF5 83.33+2.05 0.74 + 0.02 561+008 47.25+133 7219+173
OF6 95.00 + 3.27 0.54 £ 0.02 6.21+0.16 44.30+180 7108 2.02
OF7 108.00+4.32 049+ 0.02 6.60+0.08 52.90+0.70 80.26+ 1.66
OF8 129.67+ 340 0.20+£0.01 7.28+016 51.21+1.10 83.02%280
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Figure 3. 21: Dissolution profiles for optimizing ABZ SD tablet formulation.
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The drug release data obtained after the in vitro release study of the eight formulations was
further analyzed by various kinetic models. The models included zero-order, first-order, Higuchi,
and Hixson Crowell model. The model that best fitted the release data was selected based on the
correlation coefficient (R?) values of the various models, i.e., the model that gave the highest ‘R*

value was considered the best fit for the rel ease data.

Table 3. 10: Rate constants and correlation coefficients of the fits of different drug release
kinetic modelsfor ABZ SD tablets.

Formulation Zero order First order Higuchi equation Hixson-crowell
Slope R? Slope R? Slope R*  Slope R

OF1 -4157 0679 -0024 0860 0100 0901 -0.044 0.806
OF2 -4.055 0.678 -0023 0855 0.097 0900 -0.042 0.802
OF3 -4655 0701 -0031 0889 0110 0915 -0.053 0.835
OF4 -4955 0723 -0.034 0895 0117 0922 -0.057 0.845
OF5 -4504 0.754 -0.024 0880 0105 0939 -0.045 0.843
OF6 -4695 0./97 -0.026 0919 0107 0959 -0.048 0.883
OF7 -5125 0./69 -0.035 0930 0118 0946 -0.059 0.885
OF8 -5249 0770 -0036 0904 0124 0942 -0.061 0.867

As shown in Table 3.10, all the formulations exhibited best fit for Higuchi equation with R?
values greater than 0.909. To find out the mechanism of drug release, the first 60% drug release
data was fitted in Korsmeyer-Peppas model. The Korsmeyer-Peppas equation is used to analyse
the release of pharmaceuticals from polymeric dosage forms, when the rel ease mechanism is not
well known or when more than one type of release phenomena could be involved (Costa and
Sousa Lobo, 2001). The mechanism is determined by n value, for cylindrical tablets; n = 0.45
corresponds to Fickian diffusion, 0.45 < n < 0.89 to non-Fickian (anomalous) transport, n =
0.89 to case 1l transport and n > 0.89 to super case Il transport (Singhvi and Singh, 2011). Table

3.11 shows the n values and R? of the K orsmeyer-Peppas model of the various formulations.
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Table 3. 11: Drug release mechanism of the optimized formulations using Korsmeyer-Peppas

model.

Formulation K n R°
OF1 10.84 0.433 0.945
OF2 19.20 0.441 0.947
OF3 13.97 0.605 0.995
OF4 13.37 0.631 0.999
OF5 10.78 0.651 0.989
OF6 10.11 0.643 0.999
OF7 12.16 0.631 0.991
OF8 11.26 0.650 0.992

As shown in Table 3.11, the n value for OF1 and OF2 is less than 0.45 indicating the drug
release from these formulations is rapid and follows Fickian diffusion mechanism. For the
remaining formulations, the n value was found to be between 0.45 and 0.89 which shows the
anomal ous mechanism of drug release.

3.7.3. Modd sdection

Analysis of variance for selected factorial models (Table 3.12) displays statistics such as P-value,
multiple correlation coefficient (R?), adjusted multiple correlation coefficient (“adj R*) and
Predicted R-squared (“pred R*") values, provided by Design-Expert® 9.0.6 software. The best
fitting mathematical model was selected based on comparisons of these statistical parameters.

As shown in Table 3.12, for ABZ released within 10 min the selected model is RMain effect
with R? value of 0.9509, which shows that 95.09% of the variability in response could be
explained by the model and there is only 4.91% of the total variation which cannot be explained
by this model. The "pred R*", 0.8743 isin reasonable agreement with the "adj R*" of 0.9313.

63



Table 3. 12: Statistical parameters for selection of response model.

Adusted  Predicted  Adeq.
Response Source R-Squared R-Squared R-Squared ' recision

ABZ released RMain effects ~ 0.9509 0.9313 0.8743 16.06
within 10 min
ABZreleased RMaineffects  0.9509 0.9428 0.9128 15.25
within 30 min
Angleof repose  RMain effects 0.9757 0.9659 0.9377 22.49
Hardness R2FI 0.9988 0.9957 0.9808 55.31
Friability R2FI 0.9993 0.9977 0.9895 76.32

Similarly, the selected model for ABZ released within 30 min and angle of repose is RMain
effect. The R? values were found to be 0.9509 and 0.9757, respectively which all indicate the
goodness of fit of the model. Furthermore, the pred R? is in reasonable agreement with adj R? for
the two responses, the difference being less than 0.2 (Table 3.12). Thus based on the results of
these statistical parameters it can be concluded the Rmain effect model could explain the

relationship between the independent variables and these responses.

Reduced 2FI was the model selected for hardness and friability with R? of 0.9988 and 0.9993,
respectively, demonstrating that 99.88% of the variability in hardness and 99.93% of the
variability in friability could be well explained by the model. As shown in Table 3.12 there was
also agreement between pred R? and adj R? values for both hardness and friability.

3.7.4. Mode adequacy checking

ANOVA is the most important tool for the evaluation of significance and goodness of fit of the
regression model and significance of individual model coefficients (Noordin et al., 2004). Thus
ANOVA tables were applied to summarize the test for significance of the selected models and
model coefficients for the respective responses (ABZ released within 10 min, ABZ released
within 30 min, hardness, friability and angle of repose). The regression model and the terms in

the model are considered to be significant when a p-valueisless than 0.05.
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Table 3.13 depicts that the RMain effect model for ABZ released within 10 min and the termsin
the model are statistically significant (p = 0.0005). In addition the Model F-value of 48.42

implies the model is significant. There is only a 0.05% chance that an F-value this large could

occur due to noise. A-compression force (p = 0.0011) and C-carrier/ratio (p = 0.0008) are the

significant model terms found to affect the response. On the other hand the statistically

significant model term for ABZ released within 30 min was found to be only the C-carrier/drug
ratio (p < 0.0001) (Table 3.13). The Model F-value of 116.29 implies the model is significant.
Thereis only a0.01% chance that an F-value this large could occur due to noise.

Table 3. 13: Summary of ANOVA results of response surface RMain effect model for ABZ

released within 10min and ABZ released within 30 min.

Response Source Sumof df Mean F-value p-vaue Remark
Squares square
ABZ released Model 129.38 2 6469 4842 0.0005  Significant
within
10 min A-CF 61.05 1 61.05 45.70 0.0011 Significant
C-Carrier/drug  68.33 1 68.33 51.14 0.0008  Significant
Residual 6.68 5 1.34
Cor Tota 136.06 7
ABZ released Model 18041 1 180.41 116.29 <0.0001 Significant
within
30 min C-Carrier/drug 18041 1 180.41 116.29 <0.0001
Residual 9.31 6 155
Cor Total 189.71

As shown in table 3.14, the selected model (RMain effect) for angle of repose was significant (p
< 0.0001). The Model F-value of 100.24 implies the model is significant and there is only a

0.01% chance that an F-value this large could occur due to noise. The significant model terms for
angle of repose includes B-percent of MCC (P < 0.0001) and C-Carrier/ratio (p = 0.0007).
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Table 3. 14: Summary of ANOV A results of response surface RMain effect model for angle of

repose.
Response Source Sumof df Mean F-vaue p-vaue Remark
Squares square
Angle of Model 3025 2 1512 100.24 <0.0001 Significant
Repose B- Concentration of 2195 1 2195 14546 <0.0001 Significant
MCC
C-Carrier/drug 8.30 1 8.30 55.03 0.0007  Significant
Residual 0.75 5 015
Cor Total 31.00 7

The significant model terms for hardness were found to be A-compression force (p = 0.0013) B-
concentration of MCC (p = 0.0034), C-carrier/ratio (p = 0.0019), AC-interaction effect of
compression force and carrier to drug ratio (p = 0.0349) and BC-interaction effect of
concentration of MCC and carrier to drug ratio (p = 0.0347). The selected Reduced 2FI model F-
value of 327.89 infers the model is significant. Thereisonly a 0.30% chance that an F-value this
large could occur due to noise. Similarly the selected Reduced 2FI model F-value of 611.52 for
friability implies the model is significant and only a 0.16% chance that an F-value this large
could occur due to noise. A-compression force (p = 0.0007) B- concentration of MCC (p =
0.0014), C-carrier/ration (p = 0.0013), AB-interaction effect of compression force and
concentration of MCC (p = 0.0422) and BC-interaction effect of concentration of MCC and
carrier to drug ratio (p = 0.0237) were found to be the significant model terms that affect
friability (Table 3.15).
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Table 3. 15: Summary of ANOVA results of surface response Reduced 2FI model for hardness

and friability.
Response Source Sum of Df Mean F-value p- Remark
Squares square value
Hardness Model 3606.45 5 721.29 327.89 0.0030 Significant
A-CF 1679.97 1 1679.97 763.69 0.0013 Significant
B-concentration 645.30 1 645.30 203.34 0.0034 Significant
of MCC
C-Carrier/drug 1161.38 1 1161.38 527.94 0.0019 Significant
AC 59.68 1 59.68 27.13  0.0349 Significant
BC 60.12 1 60.12 27.33  0.0347 Significant
Residual 4.40 2 2.20
Cor tota 3619.67 7
Friability Model 0.50 5 0.097 611.52 0.0016 Significant
A-CF 0.24 1 0.24 1486.23 0.0007 Significant
B- concentration 0.12 1 0.12 723.77 0.0014 Significant
of MCC
C-Carrer/drug 0.13 1 0.13 784.64 0.0013 Significant
AC 3.613E-003 1 3.613E-003 2223 0.0422 Significant
BC 6.613E-003 1 6.613E-003 40.69  0.0237 Significant
Resdual 3.250E-004 2 1.625E-003
Cor Tota 0.50 7

Plots related to residuals: the normal probability plot of residuals and the plot of internally
studentized residuals versus predicted values were considered as additional tests of model
adequacy checking tools. Thus the normal probability plots of the residuals and the plots of the
residuals versus the predicted response for the different responses including ABZ released within
10 min, ABZ released within 30 min, Angle of repose, hardness and friability are shown in Figs
3.20to 3.29.
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Figure 3. 22: Normal probability plot of residuals of ABZ released within 10 min.
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Figure 3. 23: Plots of the residuals against predicted response of ABZ released within 10 min.
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Figure 3. 24: Normal probability plot of residuals of ABZ released within 30 min.
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Figure 3. 26: Normal probability plot of residuals for angle of repose.
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Figure 3. 27: Plots of the residuals against predicted response for angle of repose.
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Figure 3. 28: Normal probability plot of residuals for hardness.
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Figure 3. 29: Plots of the residuals against predicted response for hardness.
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Figure 3. 30: Normal probability plot of residualsfor friability.
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The results in the normal probability plots of the residuals (Fig. 3.20, 3.22, 3.24, 3.26, 3.28)
indicate that the residuals can be considered to fall on a straight line implying that the errors
follow anormal distribution for all responses. Plots of the residuals versus the predicted response
(Fig. 3.21, 3.23, 3.25, 3.27, 3.29) displayed that points are randomly scattered, with no
obvious pattern or structure, and all values lie within the recommended range of -3 and +3
(values between -3 and +3 are considered as the top and bottom outlier detection limits). The
equal scatters of the residual data above and below the x-axis indicate that the variances were
independent of the value of the responses which again support the assumptions of the model.
Hence, the models were used for further analysis. The fina mathematical regression models in

terms of coded factors (Equation 3.4 - 3.8) were developed using model term coefficients.

ABZ released within 10 min =+ 51.69 - 2.76*A + 2.92*C Eq. 3.4
ABZ released within 30 = +76.64 + 4.75* C Eqg. 3.5
Angle of repose =+ 30.00-1.66 * B -1.02* C Eqg. 3.6
Hardness =+ 89.51 + 14.49* A + 8.98* B + 12.05* C+2.73* AC + 2.74* BC Eq. 3.7
Friability =+ 0.67-0.17* A - 0.12* B - 0.13* C- 0.02* AC- 0.03* BC Eq. 3.8

Where, A is compression force, B is concentration of MCC and C is carrier/ratio

Positive sign before a factor in polynomial equations represent that the response increases with
the factor. On the contrary, a negative sign means the response and factors have reciprocal
relation. The negative sign before the factor compression force (A) shows that compression force
has decreased the amount of ABZ released within 10 min (Equation 3.4). Conversely, as shown
in Equations 3.4 and 3.5 the carrier to drug ratio has a positive effect on amount of ABZ released
within 10 and 30 min, the magnitude of the coefficient being higher for the amount of ABZ
released within 30 min. The positive sign of the coefficients indicate increasing carrier
concentration increases the amount of drug released.

Concentration of MCC (B) and carrier to drug ratio (C) are the two parameters that negatively
affect the angle of repose (Equation 3.6). The magnitude of coefficient of concentration of MCC
was found to be higher than carrier to drug ratio for the response, indicating the stronger effect of
MCC on flow property.
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From Equations 3.7 and 3.8, it can be observed that compression force (A), Concentration of
MCC (B), carrier to drug ratio (C), interaction effect of compression force and carrier to drug
ratio (AC) and interaction effect of concentration of MCC and carrier to drug ratio (BC) have a
significant effect on tablet hardness and friability. Asindicated by the sign of the coefficients, all
the factors have positive effect on hardness and negative effect on friability. The compression
force (A) was the strongest factor for both hardness (+14.49) and (-0.17) friability.

3.7.5. Contour plot and surfaceresponse analysis
The regression models developed are represented in - contour and response surface plots, used

to characterize the response surface graphically and determine the optimal parameter-setting
(Tsai et al., 2010). The contour plot is a two dimensional (2D) representation of the response
across the factors displayed on an axis and response surface plot is a three dimensiona (3D)
Surface plot which is a projection of the contour plot giving shape in addition to the color and

contour.

The combined effect of carrier to drug ratio and compression force on the amount of ABZ
released within 10 min is shown in Figs 3.30 (A) and (B). The diagonal paralel linesin Fig. 3.30
(A) indicate that there is no interaction effect of compression force and carrier to drug ratio on
the amount of ABZ released. The non-twisted response surface in Fig.3.30 (B) a so indicates that

there was no interaction effect of the two parameters on the amount rel eased.

However, the plots show that the linear model components individualy affect the amount
released significantly, with the effect of compression force being pronounced. This result
confirms what has been found in the ANOVA (Table 3.13), where compression force showed
more significant effect (p < 0.0001) than carrier to drug ratio (p = 0.0001) on the amount of
ABZ released.
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Figure 3. 32: A: Contour; B: Surface response plot of compression force and carrier to drug ratio
on ABZ released within 10 min.

Figs 3.31 (A) and (B) show the combined effect of compression force and carrier to drug ratio on
the amount of ABZ released within 30 min. The vertical parale straight lines in Fig 3.31 (A)
and the non-twisted response surface in Fig 3.31 (B) show that carrier to drug ratio is the only
factor that affects amount of ABZ released within 30 min. Compression force has no effect on
amount of ABZ released within 30 min, which was not the case for the amount ABZ released
within 10 min, that could be due to alag time period resulting from tablet disintegration.
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Figure 3. 33: A: Contour B: Surface response plot of compression force and carrier to drug ratio
on ABZ released within 30 min.
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The 2D contour plot and surface response plot for angle of repose is displayed in Fig 3.32,
demonstrating the combined effect of concentration of MCC and carrier to ratio on the response.
The diagonal parallel lines in the contour plot (Fig 3.32 A) indicate that there is no interaction
effect of concentration of MCC and carrier to drug ratio on angle of repose. However the linear
model components individually affect the response significantly, with a relatively more
significant effect of concentration of MCC than carrier to drug ratio. According to Fig. 3.32, the
lowest value of angle of repose was found at the highest level of carrier to drug ratio and

concentration of MCC.
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Figure 3. 34: A: Contour B: Surface response plot of carrier to drug ratio and concentration of

MCC on angle of repose.

Figs 3.33 (A) and (B) show the combined effect of the two selected factors, compression force (p
= 0.0013) and carrier to drug ratio (p = 0.0019) on hardness. The two factors were selected
based on their significance and the third significant factor concentration of MCC (p = 0.0034)
was kept at level zero (that is mid-point). Likewise the two significant factors for friability was
also selected based on the ANOVA result (Table 3.15), compression force (0.0007) and carrier to
drug ratio (0.0013) than the third factor concentration of MCC (0.0014). For both the responses,
in addition to the individual significant effect, a significant interaction effect between

compression force and carrier to drug ratio was observed in the contour plots (Figs 3.33 and 3.34
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A) characterized by formation of elliptical contours (Zhao et al., 2012). The highest level of
compression force and carrier to drug ratio resulted in the hardest tablets with lowest amount of
percent friability (Figs 3.33 and 3.34).

Hardiness (M)

L canietd g islin

e [ (]} 1400 T2 T P

A rempEssen e k]

(A) (B)

Figure 3. 35: A: Contour B: Surface response plot of compression force and carrier to drug ratio

on hardness.
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Figure 3. 36: A: Contour B: Surface response plot of compression force and carrier to drug ratio

on friability.
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3.7.6. Simultaneous optimization of the response variables

Numerical and graphical optimization techniques provided by Design-Expert 9.0.6 was used to

obtain the final optimal experimental parameters that optimize the five responses simultaneously

by sustaining the requirement for all the responses. The criteria defined for factors and responses

during optimization by both techniques are presented in Table 3.16.

Table 3. 16: Criterion settings of factors and responses for optimization by numerica and

graphical optimization.

Upper limit ~ Lower limit
Factors
Compression force 20 10
Carrier/drug 2 0.5
Concentration of MCC 30 20
Goal Upper limit  Lower limit  Importance
Responses
ABZ released within 10 min Range 100 50 3
ABZ released within 30 min Range 100 80 5
Angle of repose Range 30 25 5
Hardness Range 100 70 5
Friability Range 1 0 5
3.7.6.1. Numerical optimization

The desirability function approach is one of the most widely used methods for optimization of

multiple responses (Raissi and Farsani, 2009). Thus a numerical optimization technique based on

the desirability function approach was employed to develop a new formulation. This function

searches for a combination of factor levels that jointly optimize a set of responses by supporting

the requirements for each. The predicted optimum values and the corresponding levels of

parameters are shown in Fig. 3.35 in which the best solution isindicated by a highlighted point.
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Figure 3. 37: Graphical representation of the constraints accepted for the determination of global desirability and obtained optimal

conditions.
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As shown in Fig. 3.35 the optimal points for the responses were found to be 55.09% for the
amount of ABZ released within 10 min, 81.27% for amount of ABZ released within 30 min,
29.48° for angle of repose, 94.60 N for hardness and 0.62% for friability when the factors are set
at compression force of 14.03 KN, carrier to drug ratio of 1.98 and concentration of MCC of
23.57%.
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Figure 3. 38: Bar graph showing individual desirability values (di) of various objective

responses.

As shown in Fig. 3.36, the individual desirability functions (di) of the responses were found to
be 1. Desirability function ranges from zero to one (least to most desirable, respectively) (Raissi
and Farsani, 2009). Thus, the individual desirability functions (di) of the responses indicate that,
fully desired responses were achieved for al the responses. The global desirability function (D)
was then obtained from the individual desirability functions to be 1.00 from the software solver
calculated based on equation 3.9.

AT
D= [dlrl xd,”?x ..x dir.]va Eq. 3.9

Where i is the number of responses, di the individual desirability functions and r; is the relative
importance of ith response which varies from the least important ( + ), a value of 1, to the most

important ( +++++ ) avalue of 5.
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For better visualization of the results, the global desirability function D is presented in the form
of a three dimensional plots (Figs 3.37 A - C). The third factor was set up at the optimum

constant level.
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Figure 3. 39: Three dimensional graphs: (A) D =f (carrier to drug ratio, compression force) with
concentration of MCC held at 23.57%; (B) D = f (concentration of MCC, carrier to
drug ratio) with compression force held at 14.03 KN; (C) D = f (compression
force, concentration of MCC) with carrier to drug ratio held at 1.98.

3.7.6.2. Validation of optimum formulation
Validation is intended to be used to confirm that the model can predict actual outcomes at the

optimal settings determined from the analysis. Three batches of ABZ tablets were prepared
according to the optimized formulation. Thus, ABZ SD was prepared in1:1.98:0.1 ABZ: PEG :
polysorbate 80 proportion using kneading method and experiments were carried out at the
optimal combinations of the other factors including compression force of 14.03 KN, and
concentration of MCC of 23.57%. Then the amount of drug released within 10 and 30 min, angle
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of repose, hardness and friability were determined (Table 3.17). The average results of the three
batches were compared to the predicted values.

Table 3. 17: Experimentally prepared formulations based on the predicted values and evaluation

of the various responses.

Responses Predicted value Experimental Percentage
value error
ABZ released within 10 min (percent) 55.08 53.79+1.25 2.34%
ABZ released within 30 min (percent) 81.27 80.09 + 0.67 1.45%
Angle of repose (degree) 94.60 90.67 + 1.70 1.83%
Hardness (KN) 29.48 28.84 + 0.61 4.15%
Friability (percent) 0.62 0.60 £ 0.02 3.23%

From the results presented in Table 3.17, the values of percentage errors faling below 5%,
showed that the experimental values of the optimized formulations agreed well with the
predicted value. The good correlation between predicted and experimental values justified the
validity of the response model. The optimized formulations were further evaluated for different
characteristics as shown in Table 3.18. Powder characterization of the optimized SD powder
mixtures showed excellent flow property with Hausenr ratio and Carr’s index value of 1.08 +
0.02 and 9.01 + 0.01, respectively. Percentage drug content was found to be 95.84 + 3.40 %
which lies within the range (not less than 90 percent and not more than 110 percent) (USP30-
NF25,2007), indicating that the drug was uniformly distributed throughout the prepared
formulations. Percent yield of the SD was also determined and found to be 96.69 + 2.25.

Table 3. 18: Characteristic properties of optimized ABZ SD powder mixture and tablet.

parameters Experimental values
Flow rate (g/sec) 4.68 + 0.15
Hausenr ratio 1.08 + 0.02

Carr’s index (%) 9.010+0.01
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Yield (%) 96.69 * 2.25

Drug content (%) 95.84 + 3.4
Disintegration (min) 591+0.14
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Figure 3. 40: Dissolution profiles of the three batches of the optimized ABZ SD tablets and
200mg marketed tabl et.

As shown in Fig. 3.38 the release profiles of the three batches were similar and there was no
statistically significant difference (p > 0.05) which indicates that the optimal formulation could
yield reproducible results. The release profiles of the optimized formulation of the three batches
were compared with marketed tablet. As shown in Fig 3.38 the optimized ABZ SD tablet
provided superior dissolution profile than the 200 mg marketed tablet.
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As shown in Table 3.19 all the three batches showed the best fit for Higuchi equation with R?
values of 0.948, 0.965 and 0.966 with anomalous mechanism of drug release. The average n

value of the three batches (0.631) indicated the drug release mechanism is erosion control led.

Table 3. 19: Drug release kinetic and mechanism of release from the three batches of the

optimized formulation.

Batch Zero order First order Higuchi Hixson crowel Koresmeyer-Peppas
matrix

K R? K R? K R? K R? K n R?
Batch -5.004 0.748 -0.034 0914 0116 0937 -0.058 0.868 1272 0.632 0.948
1
Batch -4.802 0.722 -0.032 0.902 0113 0924 -0.055 0850 1333 0.633 0.965
2
Batch -4.951 0.745 -0.034 0.928 0.115 00938 -0.058 0877 1315 0.628 0.969
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4. CONCLUSION

This study has shown that the dissolution profile of ABZ is enhanced to a greater extent through
SD technique. The type and proportion of the carriers used, the preparation method, and the
presence of surfactant were the critical variables impacting dissolution profiles among
formulations. The ternary system provided significantly higher percentage of drug release (up to
100%) than the corresponding binary systems (87.07%). Solvent evaporation system provided
higher extent and rate of dissolution as compared to kneading method; the PEG containing SDs
being higher than those containing PVP for both methods. In the kneading method of
preparation, the highest drug release was observed for the SDs prepared with HPMC (88.8%
released within 60 min) followed by PEG (81.4% released within 60 min). In al the
formulations, increasing the proportion of the carriers resulted in enhanced dissolution profiles.
Powder characteristics study (flow property and compressibility) showed that the SDs can be

used for manufacturing of acceptable solid dosage forms.

In compression of SD tablets carrier to drug ratio, compression force and concentration of MCC
were found to be the important factors influencing tablet properties such as hardness and
friability as well as dissolution profiles, RSM based on 22 full factorial design provided an
optimum tablet formulation and compression force which released 55.09% and 81.27% ABZ at
10 and 30 min, respectively. The responses obtained from the experiment were in close
agreement with the predicted values for the optimized formulation. The dissolution profile of the
tablets prepared exhibited superior dissolution profile (87.3% in 60 min) than 200 mg marketed
tablet (64.4% in 60 min).

Results from FTIR spectroscopy reveaed interaction trough hydrogen bonding between the
drug and carriers employed. DSC thermograms of the PMs and SDs indicated decrease
crystallinity and stabilized amorphous structure of the drug, ABZ. Therefore, based on these
results it can be concluded that the practically insoluble drug ABZ can be formulated into a

dosage form with the required dissolution profile using SD techniques.
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5. SUGGESTIONSFOR FURTHER WORK

Characterization of the SDs using X-ray Diffraction;
Surface characterization of the formulations with Scanning Electron Microscope;
Stability study; and

In vivo evaluation of the formulation.
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