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Donepezil hydrochloride (DPH) is a bitter indanone and piperidine derivative
that acts as a reversible cholinesterase inhibitor and has been approved for use in all
stages of Alzheimer’s disease. Patients with Alzheimer’s disease may experience
swallowing difficulties as the disease progresses. Orally disintegrating tablets (ODTSs)
with DPH have been created to make drug administration easier. As ODTSs are designed
to disintegrate quickly in the mouth, they may come into contact with taste receptors,
resulting in a bitter taste. As a result, the objectives of this study were to mask the bitter
taste of DPH and create ODTs with taste-masked microparticles. Microencapsulation
by double emulsion solvent evaporation technigue using aminoalkyl methacrylate
copolymer (AMC) as an encapsulation polymer was used to prepare taste-masked DPH-
loaded microparticles. A Box-Behnken design was employed to investigate the effect
of AMC amount, stirring time, and volume of outer water phase on particle size, in
vitro drug dissolution at 5 min (Qs) in simulated saliva fluid, and mean dissolution time
(MDT) in simulated gastric fluid. The results demonstrated that AMC amount and
stirring time had a significant influence on particle size. While Qs and MDT was
influenced by AMC amount and volume of external water phase. After validation of
the developed model, the optimization was carried out. AMC amount of 5.7 g, stirring
time of 148 s, and volume of external phase of 350 mL were the optimum condition to
prepare microparticles with desired properties. The optimized product was further
characterized and- incorporated in ODTs, which prepared by the direct compression
method. The effect of super-disintegrants, i.e., sodium starch glycolate, croscarmellose
sodium, and crospovidone, on wetting time and.in vitro disintegration time were
studied. The ODT containing 4% crospovidone was chosen for in vivo evaluation as it
provided short wetting time and rapid in vitro disintegration. The in vivo results showed
that the taste-masked microparticles-loaded ODTs with acceptable palatability were
successfully prepared. From the results, it can be concluded that the taste-masked
microparticles were successfully prepared by double emulsion solvent evaporation
technique. The effect of independent factors and optimization can be determined by
implementing Box-Behnken design. Lastly, the ODTs containing taste-masked
microparticles with acceptable properties were successfully prepared.
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CHAPTER 1

Introduction

Alzheimer’s disease is an incurable progressive neurodegenerative disease
combining with cognitive impairment. Patients may experience a slow decline in
memory, problem-solving and other cognitive skills (1). Generally, Alzheimer’s is a
disease of elderly population. The number of people influenced by this disease is
expected to rise to 152 million worldwide by 2050 (2). The prevalence continues to
increase with age and influence 10% of people over the age of 65 years and about 50%
of people over 85 years (3). The reduction of skeletal muscle mass and tissue elasticity
with advanced aging results in diminished muscle strength and range of motion. In
addition, the depletion of oral moisture, taste and smell acuity can also negatively
influence the efficient swallowing of food through the upper gastrointestinal tract (4,
5). Therefore, swallowing disorders or dysphagia can be observed in this population. In
addition, the neuropathological changes in Alzheimer’s disease could also worsen the
problem. The accumulation of beta-amyloid and tau protein, which are the hallmark
lesions of the disease, causes the loss of neurons and synapses in brain cortex which
involved in voluntary control of swallowing (6). Therefore, most patients exhibit a slow
swallowing. Subsequently, they may encounter weight loss and increased feeding-tube
dependency, leading to an increased risk of aspiration pneumonia, a major cause of
death among this group (7). Swallowing difficulty is an important issue that should be
considered at early stage of the oral dosage form development for Alzheimer’s disease
for patient. Nowadays, there is no effective medicine available to terminate or reverse
the destruction of neurons. The available medicines only palliate the cognitive function.
Promising medicines are in the class of cholinesterase inhibitors, including donepezil
hydrochloride (DPH) that prevent the breakdown of acetyl choline.

To address the swallowing problem, orally disintegrating tablets (ODTSs) have
been developed. These tablets differ from conventional immediate release tablets in that
they can be administered without taking of water. When the ODTs contact with the
tongue, they rapidly disintegrate or dissolve and form suspension with the saliva, which

easily swallow (8, 9). For DPH, the preparation of ODTs may be a useful resolution for



16

swallowing difficulties. However, a lasting bitter taste with numbness feeling of DPH
may become an important issue. After ODTs completely disintegrate in oral cavity, the
active drug and other components would likely produce unpleasant taste or grittiness
feelings, which leads to poor patient compliance. Therefore, taste-masking may be a
crucial prerequisite for DPH formulation.

In recent decades, several taste-masking techniques have been used to mask
unpleasant taste of DPH. The simplest approach is organoleptic method. However, only
this technique is inadequate for masking the taste of DPH (10, 11). The efficient
approach may be the application of physical barrier by different techniques including
polymer coating (12), solid dispersion (13), ion exchange resin complexation (14),
inclusion complex formation (15), and microencapsulation (16). Among these taste-
masking approaches, microencapsulation technique has gained much attention. It can
be used to entrap active agent within a carrier to protect active agent against unfavorable
environment, control release and also mask unpleasant taste. The selection of
microencapsulation technique would provide sufficient drug encapsulation and
effective taste masking. Since DPH is a hydrophilic drug, oil-in-water emulsion solvent
evaporation technique which is generally used for drug encapsulation may not suitable
because DPH may diffuse to the external water phase during preparation or may not
dissolve in the internal oil phase. The water-in-oil-in-water (W/O/W) double emulsion
solvent evaporation may be a useful choice to encapsulate DPH.

In this study, aminoalkyl methacrylate copolymer was used as an encapsulation
polymer. It is soluble in-gastric solution up to pH 5 but insoluble in neutral and alkaline
solution above pH 5. It has potential to use as a taste-masked polymer by preventing
drug release in the oral cavity at pH of around 7, thus releasing active drug rapidly in
the stomach. Moreover, to maintain the stability of double emulsion during preparation,
partially hydrolyzed polyvinyl alcohol was employed as a stabilizer of emulsion
droplets.

Since double emulsion is a complex and thermodynamically unstable system,
several factors could affect the properties of taste-masked microparticles including
formulation factors, processing factors, and environmental factors (16-19). The
experimental design may be a beneficial approach to investigate the effect and

interaction between factors. It also reduce cost, time, and number required for
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experimental investigation (19). Moreover, the optimized microparticles, which
provide taste-masked microparticles with desired properties, can be obtained. The
optimized microparticles can then be incorporated in ODTs. The effect of super-
disintegrant on the disintegration time of ODTs can be investigated to obtain fast
disintegrating tablets with suitable mechanical properties. Subsequently, ODTSs
properties can be evaluated by both in vitro, and in vivo testing.

The objectives of this study were:

1. To find the optimum process conditions for the preparation of taste-masked
microparticles, which achieved the desired responses, and

2. To prepare microparticles-loaded ODTs, which achieved the desired

properties.
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2.1 Background of donepezil hydrochloride (DPH)

2.1.1 Drug development history

DPH was first synthesized in 1983 by Eisai Co., Ltd. in order to solve the
adverse event of physostigmine and tacrine, which is first generation cholinesterase
inhibitors. It was developed based on the cholinergic hypothesis which hypothesize that
the memory and cognitive dysfuction in Alzheimer’s patient related to the deficiency
of cholinergic innervation of forebrain (20, 21). In 1997, E2020 (or DPH) was
successfully discovered, and launched in Atlanta. It prevents acetylcholine breakdown
by selective inhibition of acetylcholineesterate over butyrylcholinesterase. DPH has
been approved by USFDA to use in the treatment of mild, moderate, and severe stages
Alzheimer’s disease patients (1). Moreover, it improves the cognitive function without

hepatotoxicity (22).

2.1.2 Physicochemical properties

DPH is a member of second grneration cholinesterase inhibitors having N-
benzylpiperidine and indanone group as illustrated in Fig. 1. The tertiary amine group
has a high pKa of 8.9. The molecular weight of DPH is 425.96 g/mol with log P of 4.27.
It has high solubility-in water of 55 g/L at 25°C and high permeability. In addition, it is

freely soluble in chloroform, and acetic acid. The thermal analysis shows a melting

point at approximate 224°C (23, 24).

H,CO

H,CO

*HCl N :::

Figure 1 Chemical structure of DPH
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Although DPH in the form of hydrochloride salt has been approved, donepezil
free base form has also been used as an active drug among some research groups. In
contrast to DPH, it is less water-soluble of 33 g/L at 25°C with the melting point of
85.6°C (25). It has bitter taste with numbness feeling on the tongue. Previous studies

reported different bitterness thresholds of 15 to 20 pg/mL (12) and 150 pg/mL (26).

2.1.3 Dosing strategies

In mild to moderate Alzheimer’s disease patients, DPH of 5 mg per day is a
recommended starting dose. After maintaining for four to six weeks, it can be increased
to 10 mg per day. For patients who have been on a stable dose of 10 mg for at least
three months, a 23-mg sustained release tablet can be given after long-term safety and

tolerability evaluation (27-29).

2.1.4 Adverse event

The adverse events of DPH are dose-dependent including nausea, diarrhea,
insomnia, muscle cramps, fatigue, vomiting, and anorexia. Due to an increasing of
cholinergic system activity, it also stimulates the movement of abdominal organs, and
gastric fluid secretion. Subsequently, many patients who have been prescribed may
have a risk of developing long-term adverse event such ‘as peptic ulcer, or

gastrointestinal bleeding (30, 31).

2.2 The major challenges of DPH for dosage form development

2.2.1 Bitter taste of DPH

A bitter taste of DPH may be a critical obstacle for dosage form development.
In case of Aricept®, an innovator product of DPH, carrageenan is used as a taste-
masking agent. Since DPH is intermediate within helical form of hydrated carrageenan,
its bitter taste is suppressed (28, 32). Moreover, there have been several attempts to
mask bitter taste of such drug such as taste masking by organoleptic method, and

application of physical barrier.
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2.2.1.1 Taste-masking by organoleptic method

The unpleasant taste of drug substance can be easily masked by organoleptic
method, which involved addition of sweeteners and flavors. This approach is the
simplest and convenience for taste-masking since exclusive equipment and complex
technique are less required. Regarding to study of Liew and coworkers (10), the bitter
taste of DPH-loaded orodispersible film (ODF) was masked by addition of artificial
sweeteners such as aspartame, sucralose, or saccharin sodium. Although the
formulation consisted of sucralose, which was the sweetest substance of approximately
300- to 1,000-times sweeter than sucrose, received maximum score from the volunteers,
a large amount of sucralose was added. Typically, less than 1% of these sweeteners are
recommended as it may leave a distinct bitter aftertaste. In addition, a natural sweetener,
ammonium glycyrrhizinate (30- to 50-times sweeter sucrose) was also investigated
among this research group for taste-masking of ODT (11). Despite the bitter taste of
DPH was successfully masked, the use of large quantities of sweetener may lead to an

increasing of cost and manufacturing difficulties.

2.2.1.2 Taste-masking by application of physical barrier

The application of physical barrier may be an efficient approach to mask the
unpleasant taste, as it prevents the contact of active substance and taste receptor, thus
blocking taste signal transduction (33, 34). Several technigue used including polymer
coating, solid dispersion, ionexchange resin complexation, inclusion complex
formation, and microencapsulation.

According to the research work of Yan and coworkers, AMC (Eudragit E), a
pH-responsive polymer, was used as a spray-dried polymer to prepare DPH-loaded
microspheres. Depending on the solubility of AMC, which insoluble but swellable
above pH 5, it was a great choice to prevent DPH release in saliva at the pH of around
7. By comparing with the bitterness threshold, the result demonstrated that bitter taste
was successfully masked. However, it should be remarked that the taste suppression
was resulted from the synergistic effecting between polymer and aspartame (180- to
200-times sweeter than sucrose) of 1% (12). Regarding to the study of Han and
coworkers, the bitter taste of DPH was masked by incorporating it in ODF containing

hydroxypropyl methylcellulose and hydroxypropyl cellulose at the ratio of 5: 1. The
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result showed that the optimized film received good score from the volunteers (13).
Since a large amount of sucralose of 12% was added, it should be noted that the taste-
masking effect may associate with combination result of polymer and sweeteners.

lon exchange resin complexation can also use for taste masking. It is a high
molecular weight polymer, which capable of exchanging anion or cation. The formation
of opposite charged drug-resin complex or so called resinate, which does not breakup
in oral cavity but completely release drug in gastrointestinal tract, offers potential
benefits for unpleasant taste-masking (33, 35). Based on the study of Kim and
coworkers, a spray-drying technique was used to prepare DPH-Amberlite IRP-64
complex with the purpose to mask bitter taste of active drug. The in vitro taste
evaluation using electronic taste sensor system showed a large Euclidean distance to
DPH, indicating a great reduction of bitter taste. However, in vivo taste evaluation
showed that the bitterness index was higher than bitterness threshold of DPH, indicating
that the unpleasant taste was not completely masked (14).

Next technique is inclusion complex formation. Among several complexing
agent, beta-cyclodextrin has earned much attention from researchers. The formation of
drug-cyclodextrin complex can be employed for taste-masking purpose as it decreases
the exposure of drug molecule to taste bud, thus preventing unpleasant taste sensation.
The native cyclodextrin, on the other hands, has some limitations including a facile
separation of complex upon dilution and appropriate size requirement of active
molecule (34). So, various modified cyclodextrins has been continuously developed.
Such technique was used by Liu and coworkers to mask the bitter taste of DPH. The
complex of DPH and hydroxypropyl-beta-cyclodextrin prepared with liquid-liquid
solvent extraction method. Then, the complex was incorporated in ODF. The in vitro
taste evaluation result showed that Euclidean distance of optimized product was greater
than other sample, demonstrating successful taste-masking (15).

Among several techniques for providing physical barrier, microencapsulation
technique has received much attention. It is a method in which an active substance is
coated by specialized polymers to make small particles in micrometer size range. The
coating act as a physical barrier to the active substances, so minimizing interaction
between active substance and taste cells. The active molecules can be encapsulated by
three different groups including chemical, physical, and physico-chemical process. In
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pharmaceutical industry, microencapsulation by emulsification solvent evaporation is
widely used (16).

2.2.2 Adverse event of DPH

As DPH is a cholinesterase inhibitor, the enhancement of cholinergic nervous
system resulted in an increasing of stomach and intestinal mobility, gastric fluid
secretion. It may cause peptic ulcer and/or gastrointestinal bleeding, which should be
carefully monitored (30, 31). While using the highest strength, the occurrence of this
adverse effect increased by around 2-fold. It is correlated with the fluctuation of DPH
plasma concentration levels, the gradual dose titration within four to six weeks is
therefore recommended to allow patients to adapt to the pharmacodynamic effect of
DPH. Additionally, it is believed that the gastrointestinal adverse event is associated
with a rapid activation of the cholinergic system as a result of the drug's rapid
absorption. Co-administration of food can help by delaying the onset of drug
concentration (36, 37).

Recently, various novel dosage forms have been developed to overcome the
gastrointestinal adverse events. of DPH. It can be classified by the route of

administration including oral, topical, parenteral, and nasal route.

2.3 Novel dosage forms and development technologies

2.3.1 Oral drug administration

To reduce the gastrointestinal adverse event following oral administration, the
smectite clays with acid absorption capacity were used to intercalated DPH. The hybrid
was then coated by spray drying with aminoalkyl methacrylate copolymer (Eudragit E)
in order to modify drug release. The fast drug release was obtained from all hybrids.
Therefore, they hypothesized that such hybrid can be used to overcome the adverse
event of DPH. However, the gastric acid reduction capacity of new hybrid was not
characterized in this study (38). In another study, donepezil free base form (DPB)-
loaded lyotropic liquid crystalline mesophases were developed by mixing glyceryl
monooleate, DPB-oleic acid solution, and water. The mesophases overcome

gastrointestinal problem by maintaining consistent drug concentration level over 24 h,
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as observed in drug release testing. Therefore, the authors concluded that such

formulation may be used to improve gastrointestinal adverse event of DPH (25).

2.3.2 Topical and transdermal drug administration

The topical and transdermal drug administration provide various benefits over
other routes including circumvent of first fast metabolism, non-invasive, and
convenience for self-administration. Especially, it also offers more uniform drug level,
thus minimizing gastrointestinal adverse event of DPH. However, the main obstacle for
such route is poor permeation because the stratum corneum, the outermost layer of the
skin, acts as a barrier. Moreover, the hydrophilic property of DPH may be another
limitation. This route has gained a significant interest from Teikolu Pharma Inc., (USA)
and Eisai Co. Ltd., the originator of Aricept. The licensing application of Aricept
transdermal patches for once-weekly administration was submitted to the US FDA in
2010. However, it was withdrawn in 2012 (39).

Recently, donepezil transdermal = patches were developed by Icure
Pharmaceutical Inc. (South Korea). It has been tested in phase Il clinical trial,
comparing the efficacy and safety of the patches and Aricept tablets in mild to moderate
AD patients (40).

In addition, several studies have also been conducted to overcome these
limitations. The most popular technigue to enhance skin permeation is addition of
penetration enhancer to the transdermal patches or film i.e., stearic acid, palmitic acid,
oleic acid, palmitoleic acid (41), di-limonene (42), and lecithin (43).

In another study, DPH was transformed to ionic liquid in order to disrupt cell
membrane integrity after application on skin, thus facilitating drug permeation (44).
DPH delivery by iontophoretic technique was also investigated using wearable
electronic drug delivery patches. The in vivo test across abdominal region of rats
showed that an increasing of current density increased plasma drug level (45).

To circumvent the limitation of stratum corneum, DPH was loaded in the tips
of microneedle prepared by different concentrations of hydroxypropyl methyl cellulose
using micro-molding technique. The authors suggested that their microneedles
provided high Cmax of over four folds comparing to that of oral administration (46). The

DPH-loaded hydrogel-forming microneedle films were prepared by blending of
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Gantrez S-97, polyethylene glycol, and sodium carbonate (47). After microneedle
puncture, which can bypass stratum corneum, DPH was directly delivered to the
underlying microcirculation. Therefore, high plasma drug level was obtained from
pharmacokinetic test in these studies. Although various drug delivery systems have
been developed to deliver DPH or DPB across the skin, the ability of these product to

overcome the gastrointestinal adverse event were not clearly elucidated.

2.3.3 Parenteral drug administration

DPH was directly delivered to the systemic by some research group. The
injectable DPH-loaded poly (d,I-lactic-co-glycolic acid) microspheres were prepared in
order to sustain drug release by emulsion solvent evaporation. Drug release testing
results showed a sustained drug release of aver 80% over 10 days. In this study, DPH
was then modified to DPB in order to control drug release. The DPB microspheres
demonstrated sustained drug release of 90% over 42 days (48). Although
gastrointestinal adverse event was raised as the main objective of the study, this point
was not directly evaluated. In addition, the compliance of the product may be
questionable because of the subcutaneous injection of microspheres, which is an

invasive route.

2.3.4 Nasal drug administration

Regarding previous routes, DPH was delivered through oral, transdermal, or
parenteral administration. The drug molecule is supposed to deliver to the brain through
systemic circulation. In case of nose-to-brain drug delivery, the drug molecule is
directly delivered through neuronal route. This route has multiple advantages compared
with others including patient convenience, blood brain barrier (BBB) circumvention,
avoiding first-pass metabolism, increasing patient compliance, and rapid achievement
of therapeutic drug level. The therapeutic efficacy of DPH is influenced not only by a
decreasing of drug concentration in the brain due to the presence of the BBB, but also
by its low brain permeability. After passing to posterior region of nasal cavity, drug
molecule will contact to respiratory and olfactory region and deliver to the brain by the
following pathway: olfactory nerve, trigeminal nerve, lymphatic, vestibular, and
cerebrospinal fluid. Among these pathways, olfactory nerve and trigeminal nerve are
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major pathways. Moreover, drug molecules can be absorbed through nasal blood
vessels to enter the systemin circulation. These drugs, especially small, and lipophilic
molecule, access the brain region by crossing BBB. Regarding the nasal route, the
mucocilliary clearance in vestibular region while drug molecule enters to nasal cavity
and enzymatic degradation may be the main limitations for this route of administration
(49-51). Therefore, various drug delivery systems, especially nanotechnology-based,
have been developed.

Comparing to DPH, DPB has received more attention to use as an active
molecule among several research group because of its lipophilicity and compatibility
with lipid excipient. For example, DPB-loaded chitosan nano-suspension (52), DPB-
loaded liposome (53), and DPB-loaded solid lipid nanoparticles (54). The in vitro drug
release test and/or in vivo test results of these formulations showed an improvement of
drug release and/or pharmacokinetic parameters.

In addition, the nanotechnology-based drug delivery system was used in
combination with the permeation enhancer i.e., butter oil and omega-3 fatty acid to
prepare DPH microemulsions ~ for intranasal = administration. The in vivo
pharmacokinetic study showed- higher drug extent comparing to the control group,
suggesting a promising approach for nose-to-brain drug delivery (55). In another study,
ligand-based approach was also used along with solid lipid nanoparticles for intranasal
DPB administration. Apolipoprotein E, a ligand of lipoprotein receptor on BBB, was
targeted on solid lipid nanoparticles. The results showed that DPB cellular uptake was
increased in a cell line-and co-culture BBB model (56). These findings suggested a

promising approach to overcome the limitations of BBB.

2.4 Microencapsulation by double emulsion solvent evaporation technique for
taste-masking of DPH

2.4.1 Double emulsion

Double emulsion is the simplest type of multiple emulsion, also known as
emulsion of emulsion which the droplets of dispersed phase consist of small droplets
of different phases inside them (18). Typically, double emulsion droplets prepared by

conventional method have a broad size distribution. There are two main types of double
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emulsions which demonstrated in Fig. 2 i.e., water-in-oil-in-water (W1/O/W>), and oil-
in-water-in-oil (O1/W/Q>).

Qil or organic phase

Water phase

W, /O/W, emulsion 0,/W/O, emulsion

Figure 2 Schematic of W1/O/W>, and O1/W/O> emulsions

Each double emulsion droplet may contain few small emulsion droplets, or over
100 emulsion droplets. They can be classified to three different types according to
internal droplets arrangement as illustrated in Fig. 3. The small double emulsion droplet
consisting of few or only-one single internal droplet is observed in type A arrangement.
While type B demonstrated larger double emulsion droplet consisting of several small
internal droplets. The complicated arrangement is observed in type C droplet which
consist of several large internal emulsion droplets. Due to high internal content of type
C droplet, it has the potential to serve as an entrapment device which control the release
of active component in the internal phase or polymer matrix (16).

®

Figure 3 (a) schematic and (b)optical microscopic image of double emulsion droplets
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2.4.1.1 Techniques to produce double emulsion
Double emulsion can be prepared by three different techniques such as two-
step emulsification, membrane emulsification, or microfluidic method. This study

would mainly focus on W/O/W double emulsion preparation.

2.4.1.1.1 Two-step emulsification

Two-step emulsification is the conventional method to produce double
emulsion, comprising of two steps: preparation of primary emulsion, and preparation
of double emulsion. To prepare W1/O/W> emulsion, the internal water phase containing
hydrophilic drug, and organic phase containing polymer or hydrophobic drug are first
prepared separately as illustrated in Fig. 4. After that, both phases are vigorously mixed
using homogenizing device. Due to the small volume of internal water phase comparing
with that of oil phase, the primary W/O emulsion is prepared. In some case, a
hydrophobic stabilizer or gelling agent can be added to stabilize or adjust the viscosity
of internal phase (57, 58). Secondly, the primary emulsion is dispersed in external water
phase containing hydrophilic stabilizer for breaking it into small droplets, W1/O/W-
double emulsion is obtained (17, 59). While droplet size uniformity can be neglected,
this method offers benefit in food and cosmetic industries as it is very convenience for
large-scale production (60).

Internal water

phase (W,) ‘
External water
phase (W,)

Hydrophi.lic drug First Second
solution emulsification emulsification
| | 4

primary W,/O

Qil or organic .
emulsion

phase (O)

|

Polymer in oil or
organic solvent

W,/O/W, emulsion

Figure 4 Schematic illustration of W1/O/W. emulsion preparation by two-step

emulsification
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2.4.1.1.2 Membrane emulsification

To address the broad size distribution problem of double emulsion prepared by
two-step emulsification technique, uniform-sized emulsion can be prepared using
membrane emulsification. The first membrane is developed by Nakashima and
coworkers (61) in the 1980s, namely Shirasu porous glass membrane, which is a
microporous membrane with uniform size distribution. In addition to Shirasu porous
glass membrane, several types of membrane materials, i.e., ceramic, metallic, and
polymer with different pores size, and surface affinity are available in the market (59,
61).

This method can be classified to three different methods: conventional direct
membrane emulsification, and premix membrane emulsification as shown in Fig. 5.
Using direct membrane emulsification method, a pure liquid is used as dispersed phase,
after pressuring through porous membrane, the fine simple emulsion droplets are
formed at the interface of membrane and continuous phase. The shear stress generated
by flowing, recirculating, or vibration of continuous phase ensures the detachment of
droplet form the membrane. In case the course emulsion is used, it can be considered

as premix membrane emulsification (60, 62).

Fine O/W Oil
emulsion
' 0 ‘:: WL Fine W/O
emulsion
Water Hydrophobic
: Hydrophilic Coarse membrane
membrane |-,

oil
Direct ME Premix ME without Premix ME with
phase inversion phase inversion

Figure 5 Schematic of different membrane emulsification methods (adapted from

Viadisavijevi¢ and coworkers (60))

Comparing to two-step emulsification, membrane emulsification can generate a
uniform-sized emulsion with controllable size by selecting membrane pore size. In
addition, since the emulsion is prepared under mild condition, low shear force is

required to prepare emulsion (62).
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2.4.1.1.3 Microfluidic method

Microfluidic devices allow efficient preparation of complex emulsion with low
size distribution and almost 100% encapsulation efficiency (EE). Typically,
microfluidic devices are classified into two main types: two-dimensional, and coaxial
assemblies of glass capillaries microfluidic device. The channel surface of these devices
is first treated with some treatments to modify its wettability (hydrophobicity or
hydrophilicity). To prepare double emulsion by this method, as shown in Fig. 6, the
droplet formation occurs in the device by different modes such as dripping, jetting, or
sgeezing. After the droplet formed at upstream junction, it is then carried and enclosed
to double emulsion droplet at the downstream junction. Size, and number of enclosed
droplets can be precisely controlled by adjusting viscosity, phase flow rate, junction

distance, rate of droplet generation, etc. (59, 63, 64).

(a) IR C)

Z BTN
Inner fluid 1 Direction | o Middle fluid Outer fluid
of flow

* S
[ aner | /(0 .
\mmfw taner 2 8 X o 0 0 9 0 0
MNuid X
t 1

Outer fluid

Figure 6 Schematic of double emulsion prepared by (a) microfluidic device consisted
of an upstream cross junction connected to a downstream T-junction, and (b) a glass
capillary device with double bore injection capillary (adapted Viadisavijevi¢ and

coworkers (64))

2.4.2 Double emulsion solvent evaporation technique (DESE)

Non-aqueous double emulsion droplets are always an intermediate material,
which can be transformed to solid particles after polymerization or solvent removal.
The combination of double emulsion and solvent evaporation technique was initially
adopted for encapsulation active substance (65-67). After double emulsion is prepared
by traditional two-step emulsification, the solvent evaporation is carried out, leading to

a hardening of solid particles. The solvent can be evaporated by mechanical stirring at
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room temperature, or it can be accelerated under low pressure condition using vacuum
oven, freeze dryer, or rotary evaporator.

Several studies demonstrated that both hydrophobic and hydrophilic drugs can
be encapsulated by this technique. However, hydrophobic drug is frequently
encapsulated by single W/O or O/O emulsion solvent evaporation techniques, which is
easy and less complex. Since hydrophilic drug fails to encapsulate by single emulsion
as it may be expelled from hydrophobic polymer during preparation step, DESE is often
used to encapsulate hydrophilic drug (16, 17). Table 1 demonstrates the list of highly

water-soluble and small molecules encapsulating by this technique.
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2.4.3 Commonly used polymers in DESE
There are two groups of polymers, which have been used for drug encapsulation

including biodegradable polymer, and polymethacrylate copolymer.

2.4.3.1 Biodegradable polymer

Biodegradable polymer can be degraded into non-toxic components and release
active molecules. It is a synthetic homo- or copolymer consisting of different
proportions of lactic acid, glycolic acid, lactide, glycolide and e-hydroxycaproic acid.
Several polymers have been investigated for drug encapsulation by DESE in recent
years such as poly (L-lactic acid) (PLA), poly (lactic-co-glycolic acid) (PLGA), and
polycaprolactone (PCL).

PLA is approved by the USFDA for human use as it is biodegradable,
compatible, and less toxicity. Its properties such as crystallinity, or hydrophilicity can
be modified by preparing copolymer, interacting other monomer, or modification of
functional group. These modifications significantly affect to drug release, permeability,
and degradation rate of encapsulated drug.

PLGA is another type of biodegradable polymer which commonly used for drug
encapsulation by double emulsion technique. It has also been approved for human use
by USFDA. This polymer is gradually degraded through hydrolysis reaction, producing
lactic acid, and glycolic acid which are non-toxic metabolites. The degradation interval
depends on the proportion of components.

PCL is also biodegradable and biocompatible polymer with low melting point
and glass transition temperature. Due to a slow degradation rate, it is suitable for
developing sustained release dosage form. After degradation, its metabolites can be

eliminated by congenital metabolic system (16, 76).

2.4.3.2 Non-biodegradable polymer

Non-biodegradable polymers with biocompatible property are also used as a
carrier for drug encapsulation, such as ethyl cellulose, and polymethacrylate copolymer
(77).
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Ethyl cellulose is non-biodegradable and biocompatible polymer. It is gastric
fluid-resistance polymer, which is suitable for duodenal or colonic delivery, and
prolonged release drug delivery.

The polymethacrylate copolymer groups (Eudragit®) can be prepared by
reacting methacrylic acid with acrylic ester in different proportions. It consists of anion
or cation. Typically, it has high molecular weight of over 10,000 g/mol. It frequently
used as a film-former or matrix carrier. The dissolution and permeability of aminoalkyl
methacrylate copolymer (Eudragit® E), methacrylic acid copolymer type A (Eudragit®
L), and type B (Eudragit® S) are pH-dependent. While ammonio methacrylate
copolymer type A (Eudragit® RL), type B (Eudragit® RS), ethyl acrylate and methyl
methacrylate copolymer (Eudragit® NE) are pH-independent.

Aminoalkyl methacrylate copolymer is a cationic polymer. It is soluble in
gastric fluid or weak acid buffer solution up to pH 5. However, it is swellable and
permeable above pH 5. It is light yellow color powder with amine odor. It is usually
used as a film coating polymer for taste and odor-masking and moisture protection of
immediate release formulations (76, 78).

Methacrylic acid copolymer is synthesized from methacrylic acid and methyl
methacrylate. The ratio of free carboxylic to ester groupis 1: 1, and 1: 2 for Eudragit®
L, and S, respectively. These polymers are soluble in neutral pH (pH 6 to 7). It forms
salt with alkali, creating gastric acid resistance film. However, it soluble in intestinal
fluid. It is applied as an enteric coating polymer.

Ammonio methacrylate copolymer is a product of the polymerization between
acrylic acid and methacrylic acid esters. These polymers are water-insoluble. The
ammonium groups are responsible for the permeability of polymer. The percentage of
these groups in Eudragit® RL, and RS is 10%, and 5%, respectively. Eudragit® RL is
highly water permeability while Eudragit® RS is less water permeability. The film
prepared from these polymers are usually used for sustained release formulations.

Methyl methacrylate copolymer is synthesized from polymethacrylic acid
esters. It is available as aqueous dispersion of 30%, and 40% for Eudragit® NE 30 D,
40 D, respectively. The film is insoluble but swellable and permeable in water. These

polymers are used as a film coating for sustained release formulations (76).
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2.4.4 Factors affecting on microparticle preparation by DESE

In order to prepare microparticles for encapsulation of highly water-soluble and
small molecules by DESE, there are several factors affecting on particle size, EE, and
drug release. The impact of formulation and operating factors on these properties is

demonstrated in Table 2.



37

3|ge|leAe 10U /N ‘UOIS|NWS |10-Ul-1a1em 1O/t Ao

uonedIS|NWa

V/N V/N (02) 1818WRIp Jo|[RWS puUO02as 8y} Ul aWI} UOIIRIIUOS.IIIN JO 8SeaIou|

V/N (52) paseasdag (g2) 1e1awelp Jajews Jo Jabbig UOITRIIJIS|NWS PU0ISS B} Ul ajed BuLLIIS JO 8Sealdu|

(T2) paseasdag (59) paseasdad (62 ‘) 1o1@WeIp J9j[PWS UOIRIJIS|NWS PUOISS 8Y] Ul 3wl BULLINS JO 8sealou|
V/N V/N (62) 1918WRIP Jo|[RWS UOITRILIS|NLUS 1S1 BYI Ul 3WI} UOIIRIIUOS.IIIN JO 8Sealu|

V/N V/N (g2) 118WeIp J9j[PWS UOITRILJIS|NWA 1SA1) 8Y3 Ul w1l BuLLINS JO 8sealou|

:s10108) Bunesado

V/N (0.) pasealaap 1o (g9) pasealou] V/N (z2/n) aseyd Jarem [eulalxa 0] S81A]04193]9 JO UonIppY

(t72) pasealdap 1o pasealou]
(12) paseasou]

VIN

(59) pasealou]

VIN

(v '69) paseadsq
(g2) pasearnsg
(g2) pasearnag

VIN
(¥72) pasealrdag
(€2) voedwi oN

(72) pasealoap 10 pasealou]

(T2) paseatoul Jo (69 ‘89 'G9) pasealdsQ
(g2) paseasau]

(1) 10edwi ou Jo (£, ‘G9) pasealdn
(a2'eL

‘T ‘89) pasealoul 1o (69 'G9) paseasds
7

'/ ‘01) yoedwi ou Jo (69 ‘G9) paseasou]
(g2) paseasau]

(€2 '59) peseaiou

(59) paseasou]

VIN

(69 '59) paseaiou

(72) Jerowelp 106619
(69) Ja10Welp Ja|jeWS
(1) 1e18weIp Jabhig
(1) Jo1awelp Jajfews

(G2) 1e19WeIp Jajews 4o (T2) Jabbig
(52 '69)

Ja1ewelp 13661q 40 (52 ‘G9) Jojews
(g1) asealau|

(6L ‘€L '0L) Jorowelp 13661g

VIN

(72) 1918WreIp 1obBIg

(52) 1918Welp 1oBBIg

uois|nwa Arewnid ul o178l JUSAJOS 0} JaTeM JO aSealou]
(z/n) aseyd Ja1em [eulaIXa JO SWNJOA JO aSealdu|
(0) aseyd [10 J0 aWINJOA JO asealou|

(*An) aseyd Jeuldaul JO SWINJOA JO asealou|

(zm) aseyd Jarem [eutalxe Jo Hd Jo asealou|
(zm) eseyd

[BUJBIX3 Ul UOIBJIUAIUOD JBZI|Ige)S JO 8Sealou|

Wb1am Jejnaajow JawAjod Jo asealou|

unowre JawAjod Jo asessou|

Junowre JuaA|os d1ueblo Jo asealou|

olrel JawAjod 01 Bnip Jo aseasdaq

unowre Bnup Jo aseasou|

11013k} uone|nwioH

uonnjossip Bnig

EE

ZIS 9o1Rd

(ouaiayai) sanuadold sajonsedoldiN

S1010eH

sanJadoad sajonuedoloiw uo sioyoe) buieado pue uonenw.oy Jo 1edw| gz ajgel



38

2.50DTs

ODT is a subtype of orally dispersible formulation, which rapidly disintegrate
or dissolve after placing on the tongue. Initially, this dosage form was designed to
facilitate the administration in pediatric and geriatric patient, or patients with
swallowing difficulties. In addition, the convenience use of such dosage form would
improve patient compliance of the treatment. As demonstrated in recent study (80),

ODTs received a well acceptability among the children and older adult groups.

2.5.1 Techniques to produce ODTs
Various methods are employed to prepare ODTs including compression,

lyophilization, molding, sublimation, mass extrusion, cotton candy process, and others.

2.5.1.1 Compression technique

Compression method is a conventional technique to prepare tablets. This
involves only two simple steps: ingredient blending and tableting. Since it provides
adequate tablet strength for handling and almost no special equipment is required for
the production, there is a growing interest in the utilization of such technique. To
achieve rapid disintegration, type and amount of super-disintegant may be carefully
determined. In addition, the effervescent agent can be added to accelerate the tablet
disintegration. Examples of patented technologies based on this technique include
OraSolv® (with effervescent agent), Durasolv® (with or without effervescent agent),

and Flashtab® (combination of dry and wet granulation before tableting) (9, 81).

2.5.1.2 Lyophilization

Lyophilization technique offers an efficient way to increase the porosity of final
ODTs enabling rapid disintegration. The mixture of active compound and excipients in
form of aqueous solution, suspension, or emulsion of actives are poured into blister
packs, and then passed through a freezing process. Such technique can provide an ultra-
fast disintegration time with great mouthfeel. It is useful for heat sensitive actives.
However, it is an expensive and time consume technique, and requires a special

handling and package owing to the fragility of final product. Presently, there are three
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patented technologies based on lyophilization technique comprising of Zydis®, Lyoc®,
and Quicksolv® (9, 81).

2.5.1.3 Molding

There are two approaches to produce ODTs by molding technique, including
compression molding and heat molding. The compression molding is a simple method,
which the blend of actives and excipients moisten by hydro-alcoholic solvent before air
drying. The mass is then compressed in the mold with low force, resulting in porous
and less compact final product enhancing rapid disintegration. The patented production
technology based on compression molding is WOWtab®.

In comparison to heat molding, the molten mass of actives with water soluble
sugars and agar is first prepared before pouring into a mold. The mixture is allowed to
solidify under room temperature and dry at low temperature under vacuum condition.
Despite, this technique is convenience for large scale production, the molded ODTs
have poor mechanical properties. Hence, some additives are frequently added to
improve this property such as acacia, polyvinylpyrrolidone, and polyethylene glycol
(81, 82).

2.5.1.4 Sublimation

The disintegration time of ODTs prepared by sublimation method is enhanced
by the formation of numerous pores within tablets. The volatile substances, such as
urea, camphor, ammonium carbonate, benzoic acid, hexametronium tetramine, etc., are
incorporated in the formulation and tableted. After that, these substances are removed
by sublimation, which creates a porous structure shortening tablet disintegration time
(9, 82).

2.5.1.5 Cotton candy process

Cotton candy process is also known as floss formation technique involving
polysaccharides matrix formation by flash melting and spinning. The resultant product
is cotton candy-like fiber, which is blended with actives and excipient and compressed
to ODTs. Although the mechanical strength of ODTs may be improved by the
recrystallization of cotton candy matrix, this technique is inappropriate for heat-labile
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actives. Flashdose® is an example of patented technology according to cotton candy

process (82).

2.5.2 Characterization of ODTs

The standard test, i.e., tablet hardness, and friability, can be performed as
specified in pharmacopoeias. However, there is some special concerns relevant to the
disintegration test of ODTs. Regarding to the European Pharmacopoeia, drug product
can be labeled as ODTs when it disintegrates in water within 3 min based on in vitro
disintegration test. USFDA Guidance for Industry recommends disintegration time
limit of less than 30 s for ODTSs, which closely relevant to the real condition. The
disintegration testing is recommended to carry out based on the pharmacopoeia or
alternative test that provide an equivalent result to that of compendial method (8, 9).
However, the test conducted in 900-mL purified water under vigorous agitation, which
aids disintegration, may be unable to simulate in vivo condition properly. Since it has
been reported that the volume of saliva in oral cavity is in the range of 0.09 — 1.86 mL.
The average secretion rate of saliva at rest is 0.5 mL/min; it can be increased to 2
mL/min during stimulation (83-85). Therefore, several alternative disintegration test
methods have been proposed to simulate the oral cavity conditions.

Wetting test can be used as a screening tool for ODTs development. It can be
performed by placing the ODT on the wetted filter paper or folded tissue paper. Time
required for the ODT to disintegrate into small particles is noted as wetting time; a
lower wetting time implies a quicker disintegration of the ODTs (86). Park and
coworkers (87) proposed a modified version of this test using a circular filter paper and
testing in 12-well polystyrene plate. The volume of dye solution added depends on ODT
weight. Time required for the dye solution to diffuse and cover the surface of ODT is
defined as a simulated wetting time. Moreover, alternative disintegration methods in
Table 3 have been developed in recent years to determine the disintegration time of
ODTs.
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Apparatus Test condition Disintegration time Reference
Modified USP dissolution The test is operated in 900-mL dissolution  Time required for the (88)
apparatus |1 medium with paddle speed of 100 rpm. ODT to pass through

a sinker screen

Charge coupled device The ODT is placed on a stainless-steel Disintegration time (89)

(CCD) camera grid over disintegration medium tank. monitored by a CCD

camera.

Shaking bath The ODT is placed in glass cylinder with  Time required for the  (90)
a mesh screen. Then, it is placed in a ODT to pass through
shaking bath. a mesh screen

Rotary shaft The ODT is placed on a wire gauze and  Time required for the (91)
immersed in the medium. It is then ODT to completely
compressed by a rotary shaft. disintegrate

Texture analyzer The ODT is attached to the probe. Then, Time required for the (92)

the probe is-lowered and immersed in

ODT to completely

medium. disintegrate

2.6 Design of experiment (DoE) approach for optimization

2.6.1 DoE

DoE is a statistical approach to determine the relationship between factors
affecting processes and responses. Traditionally, one factor at a time (OFAT) approach
is used to study the effect of each factor by varying one factor while others are kept
constant. However, there are a number of factors as specified above; so, it is impossible
to investigate all factors in one experiment. Additionally, with OFAT approach, the
interactions between related factors are not considered and optimum condition cannot
be determined. Therefore, to address these obstacles, DoE approach may be adopted. It
provides multiple advantages over OFAT approach as it can be used to determine the
effect of each factor on the responses, improve a yield and minimize variability of the
experiment. Initially, the screening experiment should be performed to investigate
whether the factor has an effect to the response or not. Moreover, the direction of
relationship between factor and response can also be obtained. After that, the obtained
data is used for optimization in the second step in order to determine optimum condition
(19).
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2.6.2 Types of DoE
2.6.2.1 Full factorial design

In full factorial design, the experimental condition can be formed by
systematically varying the level of at least two factors and all possible combinations of
the level of factor. So, it is called crossed factor DoE. Not only the main factors are
investigated, the interactions between each factor are also considered. The replication
of an experiment at the central point allows the estimation of the experimental
variability. Two-level full factorial design is a common design, where two level, low
and high level, are studied. The required number of experiments can be calculated as

following Equation:

Number of experiments = 2" D

where n is the number of factors.
While the number of factors increases, a number of experiments that must be

conducted is rapidly increased, which may be a main limitation of this design (19, 93).

2.6.2.2 Fractional factorial design

The fractional factorial design or reduced design can be employed to reduce the
number of experiments to be carried out in full factorial design. In this study, the main
effects and low order interactions are investigated, while the high order interactions are
negligible. The reduced number of required experiments can be calculated as follow
(19, 93):

Number of experiments = 2" 2

where n is the number of factors, k is the step of reduction.

2.6.2.3 Central composite design (CCD)

Central composite design is a combination of full factorial or fractional factorial
design with additional star point. The number of star point is two-fold of factor number.
As illustrated in Fig. 7, it allows the curvature estimation according to quadratic model.
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The number of experiments using full factorial and fractional factorial design can be

calculated by Equation 3 and 4, respectively:

Number of experiments = 2" + 2n + Co )

Number of experiments = 2% + 2n + Co 4)

where n is the number of factors, k is the step of reduction, Co is the number of central
points.

@ Center point
@ Corner point

@ star point

Factor B

Figure 7 Diagram of CCD for three factors

2.6.2.4 Box-Behnken design (BBD)

BBD is an incomplete block design (Fig. 8). It requires three levels of each
factor to run an experiment.-As it does not include the combination of factor on the
highest and lowest level, offering a benefit when the conducting of the experiment at
the corner point is impossible or too expensive. The main advantage of such experiment

is the reduction of experiment number. The number of experiments can be calculated
by the following Equation:

Number of experiments = 2n(n-1) + Co 5)

where n is the number of factors, Co is the number of central points.
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)

Figure 8 Diagram of BBD for three factors

2.6.3 BBD for optimization of drug-loaded microparticles by DESE

During the preparation of drug-loaded microparticles by DESE, the final
product properties can be affected by several factors including formulation factors (drug
amount, polymer amount, stabilizer concentration, viscosity of polymer solution,
volume of internal and external phase and pH of external phase), process factors
(stirring rate, stirring time and evaporation temperature), environmental factors
(temperature and humidity) (16, 17).

Regarding to the study of Bouriche and coworkers (75), BBD was successfully
used to determine the effect of factors and optimum condition for drug-loaded
microparticles using DESE. The optimization of metformin hydrochloride-loaded
microparticles by W/O/W DESE was carried out. PLA was used as an encapsulation
polymer. BBD was used to optimize the effect of the amount of metformin in the inner
aqueous phase (X1), pH of external aqueous phase (X2), amount of PVA in the external
phase (X3) and stirring rate (X4) on the EE (%), particle size (um), and zeta potential.
The factors and level are listed in Table 4. According to the ANOVA results, the
Equations for each response were developed. They demonstrated that the model was
suitable with p value of the model of less than 0.05 and p value of the lack-of-fit of
more than 0.05. These models were reliable with R? of 0.79, 0.83 and 0.89, respectively.



Table 4 List of factors and levels for BBD
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Factors Levels

Low (-1) Central (0) High (+1)
Amount of metformin 25 50 75
pH of external aqueous phase 4 55 7
Amount of PVA (%w/v) 0.5 1 1.5
Stirring rate (rpm) 400 800 1200

The following models presenting a relationship between the parameters and EE,

mean particle size, and zeta potential of this study.

EE = 12.35 - 9.56X; + 4.87X3 —8.89X4 ~ 10.69X1X5 + 18.54X,?

Mean particle size = 343.61 — 396.36X3 — 8.89Xs — 596.39X1X> + 351.84X1X3 +

256.18X2% — 250.34X4?

Zeta potential = - 8.38 — 7.23X1 + 1.87X3 + 10.69X35Xs ~ 3.02X1% — 6.28 X% — 10.53X3?

- 4.5X42

After that, to maximize the EE, the optimization process was carried out,

resulting in the following optimum condition with the desirability of 0.998: X1 =25 mg,
Xo =4, X3=1.5%, and X4 =400 rpm. The predicted EE of 82.15% was predicted under

the optimum condition while the actual EE of optimized formulation was 78.05% (75).
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3.1 Materials

1. Donepezil hydrochloride (Lot number 000000085, Siam Pharmaceutical Co.,
Ltd, Thailand)

2. Aminoalkyl methacrylate copolymer (AMC; Eudragit® E PO, Lot number
G170331544, Evonik R6hm GmbH, Germany)

3. Polyvinyl alcohol, molecular weight of 85,000 Da to 124,000 Da, and degree
of hydrolysis of 87% to 89% (Lot number 16796TJV, Sigma-Aldrich, USA)

4. Mannitol (Lot number 302004308, Shandong Tianli Pharmaceutical Co.,
LTD, China)

5. Spray-dried lactose monohydrate (Supertab®11SD, Lot number 23034009,
DMV-Fonterra Excipients GmbH & Co., Germany)

6. Sodium starch glycolate (Primojel®, Lot number 10519TW, DMV-Fonterra
Excipients GmbH & Co., Germany)

7. Microcrystalline cellulose (Comprecel®M101D+, Lot number C2006037,
Mingtai Chemical Co., LTD, China)

8. Croscarmellose sodium - (Disolcel®, Lot number D02003103, Mingtai
Chemical Co., LTD, China)

9. Crospovidone (Polyplasdone XL®, Lot number 0002434812, Ashland
Chemical Inc., USA)

10. Polyvinylpyrrolidone (PVP) K-30 (Lot number 002377911, Ashland
Chemical Inc., USA)

11. Magnesium- stearate (Kemilub EM-F-V®, Lot number 67991, Italmatch
Chemicals, Spain)

12. Dichloromethane, AR grade (Lot number AR1040A, RCI Labscan,
Thailand)

13. Methyl alcohol, HPLC grade (Lot number LC1005, RCI Labscan, Thailand)

14. Acetonitrile, HPLC grade (Lot number LC1115, RCI Labscan, Thailand)

3.2 Preliminary study on double emulsion preparation

In the present study, two-step emulsification technique was used to prepare
double emulsion. Initially, the internal water phase (W) was prepared by dissolving
DPH in 10 mL of distilled water to produce a transparent solution at a concentration of
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50 mg/mL. The primary water-in-oil emulsion was prepared by emulsifying W1 with
25 mL of oil phase (O) containing AMC in dichloromethane by H14 ultrasonic probe
(model UP400S, Hielscher, Germany) with an ultrasound capacity of 100% (400 W, 24
kHz). It was then mixed with 1% PV A, an external water phase (W>), by a turbine stirrer
(model SS20, Stuart, UK) at 500 rpm to produce W1/O/W, emulsion.

To study the effect of polymer amount, double emulsion was prepared by
varying AMC amount of 1, 2, 3, 4, 5, 6, and 7 g, while other parameters were kept
constant (ultrasonication time of 120 s, volume of the external water phase of 450 mL,
and stirring time in the second emulsification of 180 s).

Moreover, to study the effect of ultrasonication time, double emulsion was
prepared with the ultrasonication capacity of 100% (400 W, 24 kHz) while varying
ultrasonication time from 30 s to 180 s. Meanwhile, the AMC mount of 7 g, volume of
the external water phase of 450 mL and stirring time in the second emulsification of

180 s were kept constant.

3.3 Characterization of DPH-loaded double emulsion
3.3.1 Viscosity of oil phase measurement

The cone and plate (CP1/50, SR1233) rheometer (model Kinexus, Malvern,
UK) was used to measure the viscosity of oil phase containing of different amounts of
AMC in DPH. The shear rate of 0.1 to 100.0 s at the temperature of 25+0.1°C was

used.

3.3.2 Double emulsion droplet morphology characterization

Double emulsion was sampling (5 mL) at the midpoint between the surface of
emulsion and the top of stirrer, dropped onto a clean glass slide and covered with cover
slip. The emulsion images were recorded by a light microscope (model CX41RF,

Olympus, Japan).

3.3.3 Double emulsion droplet size measurement
After sampling, the size of double emulsion droplets was measured by light
scattering particle size analyzer (model LA-950, Horiba, Japan) with fraction cell mode.

The size was reported as median while the size distribution was reported as span.



50

3.4 ldentification of relevant factors on microparticles preparation using quality
risk management approach

To facilitate a suitable decision making on microparticle preparation, the quality
risk assessment approach was employed in this study. Initially, regarding to the
literature information, the relevant factors affecting properties of drug-loaded
microparticles prepared by DESE were identified using fishbone diagram. According
to Annex 2: WHO guidelines on quality risk management (94), the risk matrix was
constructed to prioritize a factor risk by multiplying the probability and its impact. The
probability can be classified based on the number of events reported into 5 levels
including (1) rare, (2) unlikely, (3) possible, (4) likely, (5) almost certain. The impact
can also be classified based on magnitude of consequence into 5 levels including (1)
negligible, (2) marginal, (3) moderate, (4) critical, (5) catastrophic. After that, the risk
value of the factor was categorized into high (12 to 25), medium (5 to 10), and low (1
to 4). The preliminary study was then conducted. The information from risk assessment
step and preliminary study were used for determining factor and factor level for further

study.

3.5 Study on factors affecting microparticle preparation

Double emulsion was prepared using the methods described above and then
stirred at ambient temperature for 3 to 5 h to allow complete solvent evaporation until
constant weight ~was achieved. The microparticles were recovered through
ultracentrifugation at 7,000 rpm for 10 min and washed in triplicate with distilled water
to remove DPH and PVA residues. The obtained microparticles were dried at 30°C for

12 h under a vacuum oven and then stored in a desiccator for future characterization.

3.5.1 Effect of pH of external water phase

To study the effect of pH of external water phase, double emulsion was prepared
using different buffer solutions, including acetate buffer (pH 5), phosphate buffer (pH
7), and carbonate-bicarbonate buffer (pH 10) to prepare 1% PVA solution. The AMC
amount of 7 g, volume of external phase of 450 mL, and stirring time in the second

emulsification of 180 s were used.
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3.5.2 Effect of ultrasonication time

To study the effect of ultrasonication time, double emulsion was prepared with
the ultrasonication capacity of 100% (400 W, 24 kHz), while varying ultrasonication
time from 30 s to 180 s. The AMC amount of 7 g, volume of external phase (pH 10) of

450 mL, stirring time in the second emulsification of 180 s were used.

3.5.3 Effect of polymer amount

To study the effect of polymer amount, double emulsion was prepared with the
volume of external phase (pH 10) of 450 mL, while varying AMC amount of 1, 2, 3, 4,
5, 6, and 7 g. Other factors were kept constant (ultrasonication time of 120 s, volume

of the external water phase of 450 mL, and stirring time of 180 s).

3.5.4 Effect of stirring time

To study the effect of stirring time, double emulsion was prepared using
different stirring periods (30, 60, 90, 120, 150, and 180 s). The AMC amount studied
was 3 and 7 g. Other factors were kept constant (ultrasonication time of 120 s and

volume of the external water phase of 450 mL).

3.5.5 Effect of volume of external water phase

To study the effect of volume of external water phase, double emulsion was
prepared with different volumes (150, 250, 350, and 450 mL). The AMC amount
studied was 3 and 7 g. Other factors were kept constant (ultrasonication time of 120 s

and stirring time of 180 s).

3.5.6 Statistical analysis

The statistical analysis was performed by one-way analysis of variance
(ANOVA) with homogeneity of variance test. The multiple comparison post-hoc test
was also carried out with Sceffe or Games-Howell test on the basis of homogeneity test

result. The p-value of less than 0.05 was considered significant different.
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3.6 Optimization of DPH-loaded microparticles by BBD

To optimize formulation and processing factors, BBD was employed to
investigate their effect on the responses. The levels of each factor were determined
based on the preliminary study results. The experimental design and analysis were
performed with Design-Expert® software version 8.0.7.1. The 17 total experimental
runs with center points were constructed and randomly performed as per the run order.
The statistical significance of the model was determined by p-value of less than 0.05.
The adequacy of the model was determined by an insignificant lack-of-fit. The
goodness of fit of model was determined by high coefficient of determination (R?).

The proposed model was validated by performing additional experiments. The
root mean square error (RSME) was calculated to measure the difference between

predicted value and actual value by the following Equation:

n ) 2
RMSE = /M (6)

where pi and a; are predicted value and actual value of experiment, respectively, n is
number of experiments.

Regarding to the criteria for each response, the optimum conditions for
preparing DPH-loaded microparticles with desired properties were determined. The

percentage of prediction error were calculated as follows:

Prediction error = |u| X100 (7)

aj

3.7 Characterization of DPH-loaded microparticles
3.7.1 Morphology of microparticles

Scanning electron microscope (SEM; model MIR3, TESCAN, Czech Republic)
was used to examine the shape and surface morphology of microparticles. Adhesive
tape was used to adhere the microparticles to the stub. A thin gold layer was then
applied to the surface of the microparticles in a vacuum chamber. The images were

obtained with the accelerating voltage of 5.0 kV.
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3.7.2 Image analysis of microparticles

The microparticles were mounted on a clean glass slide and covered by cover
slip. The light microscope (model CX41RF, Olympus, Japan) was used to capture
images of total 50 microparticles (10 microparticles/frame, 5 frames). JMicroVision
software, an image analysis software, was used to measure Feret diameter of each
particles. The particle size and size distribution were reported as median and standard

deviation. Each formulation was measured in triplicate.

3.7.3 Residual solvent determination

The residual dichloromethane in DPH-loaded microparticles was determined by
headspace technique with TRACE1310 gas chromatograph (GC; Thermo Fisher
Scientific, USA) connected with TriPlus RSH autosampler (Thermo Fisher Scientific,
USA) and TSQ9000 mass spectrometer (Thermo Fisher Scientific, USA). The sample
was separated in Rtx-624 (30 m x 0.32 mm, 1.80 um; Restek Corporation, USA). The
initial temperature of GC oven was programmed at 35°C for 10 min, increased to
200°C, and held for 2 -min with a ramp rate of 10°C/min. Residual amount of

dichloromethane was calculated from a calibration curve.

3.7.4 Fourier transform infrared (FTIR) spectroscopy

To investigate interaction and compatibility of DPH, AMC, and PVA, the
samples were pulverized with dried potassium bromide pellets and compressed into a
disc by hydraulic press ‘machine. The sample disc was analyzed by FTIR
spectrophotometer (model Nicolet 4700, Thermo Electron Corporation, USA) over a
scan range of 4,000 to 400 cm™.

3.7.5 Powder X-ray diffractometry (PXRD)

The powder X-ray diffractometer (model Miniflex II, Rigaku, Japan) was used
to obtain the crystalline and amorphous characteristics of the DPH, AMC, PVA,
physical mixture and optimized microparticles. The sample was tightly packed on a
glass slide and its upper surface was pressed to get a smooth and flat surface. Afterward,

it was positioned on a sample holder. The PXRD pattern was recorded at 30 kV and 15
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MA over 2-theta range of 5 to 50 degree with graphite monochromatized Cu Ka

radiation. The scan speed was set at 4 degree/min.

3.7.6 Differential scanning calorimetry (DSC)

The differential scanning calorimeter (model DSC8000, Perkin Elmer, USA)
was used to investigate the thermal characteristic of DPH, AMC, PVA, physical
mixture, and optimized microparticles. Approximately 2 to 5 mg of sample were placed
on a sample pan, covered with its lid, and sealed by standard sample pan crimper press.
The sample was heated and the DSC thermogram was recorded at a temperature of 30
to 300°C with heating rate of 10°C/min.

3.7.7 Drug content determination

The amount of DPH encapsulated in microparticles was analyzed by high
performance liquid chromatography (HPLC; model Jasco PU2089, Jasco, Japan)
equipped with quaternary gradient pump and multi-wavelength UV-Vis detector
(model Jasco UV2070, Jasco, Japan). Mobile phase was prepared by combining 0.01
M phosphate buffer, methyl alcohol and acetonitrile (50: 30: 20 v/v) and adjusted with
phosphoric acid to a pH 2.7£0.1. The test solution was prepared by placing
microparticles in 25-mL volumetric flask and dissolving with 10 mL of mobile phase
with the aid of ultrasonic bath until a transparent solution was obtained. The solution
was then adjusted to its final volume by addition of mobile phase, mixed, and filtered
through a nylon syringe filter with the pore size of 0.45 um. The sample of 20 pL was
injected to a 4.6 x 250 mm column packed with 5-um Luna C18(2) octadecylsilane
(Phenomenex, USA). The analysis was carried out under isocratic condition with
mobile phase flow rate of 1 mL/min. DPH concentration was measured by UV
absorption at 270 nm and calculated based on linear standard curve. Moreover, drug
loading and EE of the microparticle were calculated with the following Equation:

Amount of DPH in microparticles

% Drug loading = x100 (8)

Amount of microparticles

Amount of drug in microparticles
£ P <100 (9)

% EE =

Amount of theoretical drug loading
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3.7.8 In vitro dissolution test

In vitro dissolution test in simulated saliva fluid (SSF) pH 6.75 was used as a
tool to determine the taste-masking efficiency of DPH-loaded microparticles. To
simulate the biological condition in oral cavity, the flow-through cell (USP apparatus
4) in a close loop configuration equipped with CE7 smart dissolution testing unit, CP7
piston pump, and C613 fraction collector (Sotax, Switzerland) was used to determine
drug dissolution. The cell for powders and granulates (diameter of 12 mm) was
assembled by placing a 5-mm ruby glass bead on the tip of cell cone and filling with 1-
mm glass beads using measuring spoon. Then, the elements were placed in the
following order from bottom to top; a wire mesh (0.2-mm pore size), glass fiber filter
(2.7-pum pore size), and a wire mesh. The microparticles equivalent to 5 mg DPH was
weighed and placed in a cell chamber, followed by placing an application for powder.
Then, awire mesh, a glass fiber filter with pore size of 2.7 um, and 0.7 um, respectively,
were placed before assembling the filter head on outlet opening. All test cells were
inserted on a cell block. The dissolution test was conducted under sink condition in 50-
mL SSF at the temperature of 37£0.5°C with 4 mL/min flow rate. Aliquots of 3 mL
of dissolution medium were withdrawn at 2, 5, 10, 15, 20, 30 and 60 min and replaced
with equal volumes of fresh medium. After that, Qs in SSF was calculated.

In case of simulated gastric fluid (SGF) pH 1.2, drug dissolution test was also
conducted with similar method. However, SGF was used as a dissolution medium

instead of SSF. MDT in SGF was calculated based on the following Equation:

(10)

where j is number of samples, n is the number of dissolution sample times, fj is the time
at midpoint between tj and tj.1, which can be calculated with the Equation: ; = (tj + t;-

1)/2, and AM,; is the additional amount of drug dissolved between tj and tj.1 (95).
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3.8 Preparation and evaluation of ODTs
3.8.1 Preparation of ODTs

Table 5 demonstrates the formulation of 200-mg ODT. To study the effect of
super-disintegrant on wetting time and in vitro disintegration time, F1-ODT to F9-ODT
were first prepared without addition of DPH or DPH-loaded microparticles. Before
mixing, super-disintegrants (sodium starch glycolate, croscarmellose sodium, or
crospovidone), and mannitol were sieved through a 425-um sieve. Then, mannitol,
spray-dried lactose monohydrate, microcrystalline cellulose, and super-disintegrant
were blended in a plastic bag with geometric blending technique to produce a
homogeneous mixture. The rest of the ingredients (PVP K-30 and magnesium stearate)
were blended one by one for 1 min. The hydraulic press machine (model
SPECAC15011, Specac Ltd., UK) was used to compress the mixture with a force of 1
ton, and dwelling time of 10 s. The flat surface punch set with diameter of 9.65 mm
was used. The resultant ODTs were kept in sealed plastic bag and stored over silica gel

bed in desiccator for further evaluation.

Table 5 Formulation of blank ODT with total weight of 200 mg

Ingredient Quantity (mg/tablet)
F1-ODT F2-ODT F3-ODT  F4-ODT F5-ODT F6-ODT F7-ODT F8-ODT F9-ODT
Mannitol 90 90 90 90 90 90 90 90 90
Spray-dried lactose 81 77 73 81 77 73 81 77 73
monohydrate

Microcrystalline cellulose - 21 21 21 21 21 21 21 21 21

Sodium starch glycolate 4 8 12

Croscarmellose sodium - - - 4 8 12

Crospovidone - - - - - - 4 8 12
PVP K-30 2 2 2 2 2 2 2 2 2
Magnesium stearate 2 2 2 2 2 2 2 2 2

After conducting wetting time and in vitro disintegration time test, F10-ODT,
F11-ODT, and F12-ODT containing optimized microparticles of 28.5 mg (equivalent
to DPH of 5 mg) and DPH-ODT were prepared (Table 6).
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Table 6 Formulation of ODT containing DPH or DPH-loaded microparticles

Ingredient Quantity (mg/tablet)

F10-ODT F11-ODT F12-ODT DPH-ODT
Optimized microparticles 28.5 28.5 28.5
DPH - - - 5
Mannitol 90 90 90 90
Spray-dried lactose monohydrate 48.5 52.5 48.5 72
Microcrystalline cellulose 21 21 21 21
Sodium starch glycolate 8 - 12
Croscarmellose sodium - 4
Crospovidone - - 8 8
PVP K-30 2 2 2 2
Magnesium stearate 2 2 2 2

3.8.2 Evaluation of physical properties
3.8.2.1 Thickness, diameter, and hardness measurement
The hardness tester (model TBH225TD, Erweka GmbH, Germany) was used to

determine the thickness, diameter, and hardness of each formulation (in triplicate).

3.8.2.2 Friability test

The friability tester (model TA120, Erweka GmbH, Germany) was used to
determine %friability. The ODTs of approximately 6.5 g tablet weight were sampled,
dedusted, and accurately weighed before placing in the drum. The friability tester was
rotated 25 rpm for 4 min. After taking all tablets out, the loose dust was removed, and
weighed. The friability of each formulation was calculated as in Equation 11:

Friabil Ity - Initial weight (g) — Final weight (g) %

100 (11)

Initial weight (g)

3.8.3 Wetting test

The wetting test was modified from the method proposed by Park and coworker
(87). The test was conducted by placing Whatman filter paper with a diameter of 21
mm on the bottom of well (Corning® polystyrene, 12-well plate with a well diameter of
22 mm). A 1.25 mL of 0.1%w/w brilliant blue dye solution was dropped into each well.
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The forceps were used to place an ODT on a filter paper (as presented in Fig. 9). Each
formulation was tested in triplicate. The video record was used to determine the wetting
time, which was the time needed for the dye solution to be diffused and completely

covered the surface of ODT.

i

1.25 mL of -
Well plate 0.1% w/w brilliant blue
\ dye solution
‘ ¢ | } oD } ‘ oDT |
=

Filter paper

Figure 9 Schematic diagram showing the setup for wetting test

3.8.4 In vitro disintegration test

In vitro disintegration time was determined following in vitro disintegration test
established by Hoashi and coworkers (96). The setup of experiment apparatus
comprised of upper and lower wire mesh, a ring weight (20 g), and SSF-filled pipette,

which is schematically shown in Fig. 10.

SSF (pH 6.75), 37°C

20 g ring weight \
- 4cm
Upper mesh - i|>
T SAAAAAN

Lower mesh &3 obr

Figure 10 Schematic diagram showing the setup for in vitro disintegration test

Initially, a pair of forceps was used to place an ODT on the lower mesh and

covered with the upper mesh. Then, a ring weight of 20 g was applied on top of the
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assembly. The SSF-filled pipette was lowered at the distance of 4 cm and then dropped
on the ODT with 4 mL/min flow rate. The experiment was performed in triplicate. The
time needed for the upper mesh to completely reach the lower mesh was determined as
an in vitro disintegration time based on the video record.

3.8.5 In vitro dissolution test
The in vitro dissolution testing of ODTs in SSF and SGF were conducted with
the method specified in section 3.7.8 In vitro dissolution test. However, a tablet cell

with inner diameter of 12 mm was used instead of cell for powders and granulates.

3.8.6 In vivo evaluation

The in vivo evaluation was performed in 6 healthy volunteers, as recommended
in British Pharmacopoeia (97). Two males and four females were recruited with age
range of 23 to 30 years according to the ethical approval research protocol approved by
the Ethics Committee for Human Research of Silpakorn University (COE63.0922-079).
The volunteers were asked to sign a consent form after reading entire protocol and being

advised about the risk/benefit of the experiment.

3.8.6.1 Perception and bitterness threshold determination

The determination of perception and bitterness threshold was first carried out.
The serial dilution of DPH was carried out with deionized water to prepare the
following solution: (A) 0 ug/mL, (B) 12.5 pg/mL, (C) 25 pug/mL, (D) 37.5 pg/mL, (E)
50 pg/mL, (F) 62.5 pg/mL, (G) 75 pg/mL, (H) 87.5 pg/mL, (1) 100 pug/mL. Before
testing began, the volunteers were asked to thoroughly rinse their mouth with deionized
water. They were asked to hold 10 mL of solution (A) in their mouth and slowly move
it along the surface of the tongue for 30 s. Then, they were asked to test the moderate
level concentration, solution (E). After spitting out test solution and rinsing their mouth
with deionized water, the volunteers were asked to evaluate test solution by giving one
of these following answers:
Q) | did not feel any different between solution A and E
(2) | felt something, but | could not distinguish its taste
3) | felt a bitter taste
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The volunteers who replied answer 1 or 2 were then asked to try solution F,
which had a higher concentration. In contrast, the volunteers who replied answer 3 were
asked to try solution D, which had a lower concentration. There was a 10 min wash-out
period between trials. The lowest concentration at which the volunteers could still felt
some tastes was determined as perception threshold while the lowest concentration at
which the volunteers could felt a bitter taste was determined as bitterness threshold of
DPH.

3.8.6.2 Palatability test

Prior evaluation of ODTSs, the volunteer training was conducted to ensure that
the results were comparable. The volunteers were first asked to rinse their mouth with
deionized water and hold three DPH solution (solution (A), (E), and (1)), which had
different concentrations. Then, they were told the bitterness score of each solution (0,
50, and 100).

The palatability test was performed. The volunteers were first asked to rinse
their mouth with deionized water. Then, the DPH-ODT or F12-ODT (with 8 mg of
crospovidone) was randomly gave to the volunteers who were asked to place the sample
on the center of the tongue and hold in their mouth. The stopwatch was used to record
the disintegration time of tablet. The volunteers were asked to hold the tablet for another
30 s after it completely disintegrated. However, they were allowed splitting the sample
out if the bitter taste was too strong. After test finished, the volunteers were asked to
give a score to the sample on its bitterness, tablet handling, grittiness, and overall
palatability by making a mark on a 100-mm visual analog scale (VAS). The scores were
measured in millimeters and the VAS score median of DPH-ODT and F12-ODT were
compared using a paired-samples T-test. The p-value of less than 0.05 was considered

significant difference and represented by the asterisk.
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4.1 Study on factors affecting microparticle preparation

The factors affecting the properties of microparticles were identified on the
basis of literature review of a highly water-soluble and small molecules encapsulating
using DESE, including materials, environment, double emulsion preparation condition,
and solvent evaporation condition (15, 16, 66, 68-75), as illustrated in fishbone diagram
in Fig. 11.

Formulation factors Environment

Volume Amount

DPH solution
(internal water phase)

Solubility Viscosity

Volume - Electrolyte Temperature

External water

phase
Volume Amount Viscosi : . -
\ \ \ ty Concentration  pH Relative humidity
QOil phase /
Solvent type Molecular weight\ DPH-loaded
L . microparticles
Ultrasonication Ultrasonication
time spccd
Primary W/O \
emulsion / Stirring time ~ Stirring speed Equipment type
Ultrasomcatlon Production / W"?’r,w Pressure
type scale 7,
S[u‘rer type Production Aemipgrature
scale
Double emulsion | Solvent evaporation |
preparation condition | condition [

Figure 11 Fishbone diagram of factors affecting the properties of DPH-loaded

microparticles

In this study, material type, ultrasonicator type used in the first emulsification,
stirrer type used in the second emulsification, solvent evaporation condition, and
production scale were kept constant while temperature and relative humidity were
monitored during the experiment. Therefore, these factors were excluded from the risk
assessment. Then, the risk matrix was developed (Table 7) based on published
information to prioritize the effect of these relevant factors on critical quality attributes
(CQASs) of DPH-loaded microparticles. For bitter taste-masking and ODTs production,

the CQAs of DPH-loaded microparticles were particle size, and drug dissolution.
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Table 7 Risk value of formulation factors and operating condition of microparticle

preparation

Factors CQAs

Particle size Drug dissolution

Formulation factors:

Drug amount Medium Low
Organic solvent amount Low Low
Polymer amount High High
Stabilizer concentration High High
pH of external water phase Low Low
Volume of internal phase Medium Medium
Volume of oil phase Medium Low
Volume of external water phase High High

Operating condition:

Ultrasonication time in the first emulsification Medium Low
Stirring time in the second emulsification High High
Stirring rate in the second emulsification Medium Low

The studies were further performed to investigate the effect of high-risk factors,
having high risk value on both particle size and drug dissolution, including polymer
amount, stabilizer concentration, volume of external water phase, and stirring time in

the second emulsification.

4.1.1 Effect of pH of external water phase

According to the preliminary study, PVA concentration (1%), which can
maintain the size of double emulsion throughout preparation process, was used as a
stabilizer in external water phase. The effect of pH of external water phase on EE was
studied. DPH-loaded double emulsion was prepared using 1% PVA solubilized in
different buffers, including acetate buffer (pH 5), phosphate buffer (pH 7), and
carbonate-bicarbonate buffer (pH 10). The results demonstrated that an increase of pH
of external water phase from pH 5 to pH 10 resulted in a sharply increase in EE from
8.14 t0 49.27% (Fig. 12). This phenomenon was also observed in other studies (71, 73,
75) and can be explained by the pH-solubility relationship. Typically, the basic drug
solubility could be calculated with following Equation:
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logS = logSo + log (10PKa=PH 4+ 1) (12)

where S is the solubility, So is the solubility of unionized drug, and pKa is drug

dissociation constant (98).

60
49.27

33125

5 7 10
pH of external water phase

Figure 12 Effect of pH of external water phase on EE of microparticles

The solubility ratio of DPH (pKa value of 8.90) at pH 10 to pH 5 calculated
with Equation 12 was approximately 1x10™. Due to an increase of pH of external
water phase from 5 to 10 led to a decrease of drug solubility in this phase, the
partition of DPH from internal phase to external water phase was decreased. For the
reason, the EE of microparticles was improved. Therefore, 1% PVA solution prepared
with pH 10 carbonate-bicarbonate buffer was used as an external water phase to prepare

microparticles for further experiments.

4.1.2 Effect of ultrasonication time

To prepare primary W1/O emulsion in the first emulsification step, the effect of
ultrasonication time was investigated by varying the ultrasonication time from 30 to
180 s. The AMC amount of 7 g, volume of external water phase of 450 mL and stirring
time in the second emulsification of 180 s were used in this study.

According to the exclusive property of dichloromethane, which had high vapor

pressure (353 mmHg, 20°C), it would rapidly evaporate. So, the droplet size of primary
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W1/O emulsion cannot be directly measured under optical microscope. The effect of
ultrasonication time was investigated by measuring droplet size of W1/O/W> by light
scattering particle size analyzer instead. It demonstrated that, when increasing
ultrasonication time, the droplet size of freshly prepared emulsion after 1 h stirring and
3 h stirring double emulsion was in the range of 240 to 250 um (Fig. 13). However, the

smallest droplet size was obtained with the ultrasonication time of 120 s.
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Figure 13 Effect of ultrasonication time on double emulsion droplets size

After drying, the size of microparticles was measured. The results
demonstrated that the microparticle size (220-235 pm) was smaller than that of double

emulsion droplets (Fig. 14).
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Figure 14 Effect of ultrasonication time on size of microparticles
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It indicated that microparticle size was not significantly influenced by
increasing of ultrasonication time. This was in a good agreement with the previous
publications (16, 99), which reported that any parameters modified in the second
emulsification step had a greater impact on the microparticle size than that in the first

emulsification step. Therefore, the ultrasonication time was kept constant at 120 s.

4.1.3 Effect of polymer amount

Since the emulsion droplets cannot be formed with AMC amount less than 1 g
while the AMC amount above 7 g was not feasible to prepare owing to an extremely
high viscosity of oil phase. The effect of polymer amount on double emulsion
preparation was therefore investigated by varying AMC from 1 to 7 g while other
parameters were kept constant (i.e., ultrasonication time of 120 s, volume of the external
water phase of 450 mL, and stirring time in the second emulsification of 180 s)

The size of double emulsion droplets was measured by light scattering particle
size analyzer. The median size and span of emulsion droplets containing AMC amount
of 1, 2, 3, 4,5, 6, and 7, were 47.16+1.98, 73.17£1.65, 114.26+1.73, 132.93+1.65,
158.81+1.86, 185.13+1.72, and  217.24+1.52 um, respectively. The results
demonstrated that double emulsion droplet sizes increased with increasing AMC

amount.
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Figure 15 Optical microscopic images of emulsion droplets containing AMC amount
of (a) 1, (b) 2,(c)3,(d) 4, (e)5,(f)6,and (g) 7 g
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The optical microscope was also used to capture the images of freshly prepared
double emulsion droplets with the magnification of x 300. Fig. 15 demonstrates the
spherical opaque emulsion droplets with polydisperse droplet distribution. This is
generally found in double emulsion prepared by two-step emulsification technique as
compared to other techniques (16, 18). This phenomenon can be explained by the
complexity of preparation process and its thermodynamic unstable of the system.
However, the size can be controlled by cautiously adjusting the relevant parameters
(16, 59)

After drying, the shape and surface morphology of microparticles were
observed by SEM as shown in Fig. 16. The microparticles were in spherical shape.
The surface morphology of microparticles (Fig. 17) containing AMC amount of 1, 2,
3, 4, and 5 g was rough with numerous pores, whereas that of 6 and 7 g was smooth
without any pore. These pores may be developed during the solidification of
microparticles due to evaporation of in oil phase. The effect of AMC amount on
microparticle size is demonstrated in Fig. 18. The microparticle size significantly

increased with increasing AMC amount.

100 pm
—

Figure 16 SEM images (left) and microscopic images (right) of microparticles
containing AMC amount of (a, b) 1, and (c,d) 7 g



Figure 17 SEM images showing surface morphology of microparticles containing
AMC amount of (a) 1, (b) 2,(c) 3, (d) 4, (e) 5, (f) 6,and (g) 7 g

250 A

200 - }

—
un
<

I

g

—
(=1
(=)

Size of microparticles (pm)

wn
(=]
L

0 1 2 3 4 5 6 7
AMC amount (g)

Figure 18 Size of microparticles prepared with different amounts of AMC
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Fig. 19 demonstrates the in vitro drug dissolution of DPH-loaded
microparticles. Qs of each formulation is shown in Fig. 20. It demonstrated a decrease

in Qs with increased AMC amount.
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Figure 19 In vitro drug release profiles in SSF of DPH-loaded microparticles

containing different amounts of AMC
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Figure 20 Qs in SSF of microparticles containing different amounts of AMC
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The in vitro drug dissolution test in SGF of microparticles containing different
amounts of AMC was also carried out to investigate the effect of AMC amount. The
cumulative drug dissolution profiles of microparticles in SGF are demonstrated in Fig.
21. The MDT of these profiles were then calculated. The results shows that MDT

increased with increasing AMC amount (Fig. 22).
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Figure 21 Cumulative in vitro drug dissolution in SGF of microparticles containing
different amounts of AMC
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Figure 22 MDT in SGF of microparticles containing different amounts of AMC
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Figure 23 Viscosity profiles of oil phase containing different amounts of AMC

The effect of AMC amount on microparticle size can be explained by the
viscosity of oil phase solution shown in Fig. 23. At a shear rate of 10 s, the viscosity
was increased when higher AMC amount was introduced to the oil phase. The higher
agitation force may be required for breaking the primary W1/O emulsion into double
emulsion droplets in the external water phase. However, in this study, the stirring
parameters were kept constant, the microparticle size was therefore increased with
increasing AMC amount, which in accordance with previous studies (65, 73).

The effect of AMC amount on invitro drug dissolution in SSF and SGF can be
explained by the property of AMC, which is a pH-dependent polymer. It is
soluble at pH up to 5 but insoluble and swellable at pH above 5. In SSF with pH of
6.75, the swollen AMC layer of the microparticles was formed. By increasing AMC
amount, these layers become thicker and prevent DPH dissolution. Qs was therefore
decreased with increasing AMC amount. Similar with that of in vitro drug dissolution
testing in SGF (pH 1.2), an increasing of AMC amount resulted in a thicker layer of
polymer, which slow drug dissolution rate in SGF. MDT in SGF was therefore

increased with increasing AMC amount.
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4.1.4 Effect of stirring time

In the second emulsification step, the turbine stirrer was used to prepare
double emulsion. The effect of stirring time was studied by preparing microparticles
with AMC amount of 3 and 7 g and varying from 30 to 180 s, whereas other
parameters were kept constant.

The results show that the microparticles prepared with AMC amount of 3 g
demonstrated a significant decrease in size of microparticles upon increasing the
stirring time of 30 to 120 s (Fig. 24). However, the size of microparticle prepared with
stirring time of 120 to 150 s was not significantly different. It was significantly
decreased when the stirring time of 180 s was introduced to the emulsion. In the same
way with those prepared with AMC amount of 7 g, the microparticle size decreased
with increasing stirring time up to 90 s. The size of microparticle prepared with stirring
time of 90 to 150 s was not significantly different. However, the microparticle size was

significantly decreased with increased stirring time from 150 to 180 s.

600 @ AMC3g

®© AMC7g
500 -
L

400

—@—
—O—

300

i% ................ i

100 4

Size of microparticles (um)

0 30 60 90 120 150 180 210
Stirring time (s)

Figure 24 Size of microparticles prepared by different stirring times

The in vitro dissolution in SSF was carried out in to study the effect of
stirring time on Qs. Fig. 25 demonstrates that Qs of microparticles prepared with AMC
amount of 3 g was significantly decreased when stirring time increased from 30 to 180
s. In the same way, Qs of microparticles prepared with AMC amount of 7 g was

significantly decreased when stirring time increased from 30 to 60, 90 to 120, and 150
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to 180 s. However, Qs of microparticles prepared with stirring time of 60 to 90 and 120
to 150 s was not significantly different. Based on AMC amount, Qs of microparticles

prepared with AMC amount of 3 g was greater than that of 7 g.
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Figure 25 Qs in SSF of microparticles prepared by different stirring times

Then, the in vitro drug dissolution in SGF was carried out. Fig. 26 shows that
MDT in SGF of microparticles was increased by increasing stirring time. Regarding
AMC amount, MDT of microparticles prepared with AMC amount of 7 g was greater
than that of 3 g. MDT of microparticles prepared with AMC amount of 3 g was
significantly increased when stirring time was increased from 90 to 120 s and 150 to
180 s. However, MDT was not significantly increased with increasing stirring time of
30 to 90 s and 120 to 150 s. Similar trends were observed with that of 7 g. MDT was
significantly increased when stirring time was increased from 60 to 90 s and 150 to 180
S, whereas the increasing stirring time of 30 to 60 s and 90 to 150 s did not result in a
significant increase in MDT.

According to the results, increasing the stirring time in the second
emulsification step increased the time interval for breaking primary W1/O emulsion into
small double emulsion droplets. Therefore, an increase of stirring time decreased

microparticle size.
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The effect of stirring time on in vitro drug dissolution in SSF can be explained

by EE of microparticles prepared with different stirring times, as shown in Table 8. An

increase in stirring time increased the chance of DPH to be lost from the microparticles

to the external water phase. The EE, therefore, decreased led to low Qs in SSF, in

accordance with previous study (65). In addition, an increase in stirring time, which

resulted in a small microparticles, also facilitated a hardening of polymer layer. It may

result in a dense microparticle structure and, therefore, slow drug dissolution rate in

SGF or an increasing of MDT.

Table 8 EE of microparticles prepared by different stirring times and AMC amounts

Stirring time (S)

EE (%) + SD

AMC 3¢ AMC 7g
30 44.234+2.13 47.13+1.71
60 45.934+3.82 39.19+2.16
90 36.42+1.28 37.20+3.74
120 30.15+2.75 35.01+3.12
150 28.02+1.63 34.73£2.34
180 27.09+2.47 24.54+1.86
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4.1.5 Effect of volume of external phase

In this study, 1% PVA in carbonate-bicarbonate buffer (pH 10) was used as an
external water phase to stabilize double emulsion droplets in the second
emulsification. The volume of external water phase was varied from 150 to
450 mL with two different AMC amounts (3 and 7 g), whereas other parameters were
kept constant.

The effect of volume of external water phase on size of microparticles was
investigated, as shown in Fig. 27. Regarding to the AMC amount, with the same volume
of external phase, the size of microparticles prepared with AMC amount of 7 g was
bigger than that of 3 g. The size of microparticles prepared with large volume of

external water phase was smaller than that of small volume of external water phase.

500 -
#5091 o AMC3 g %

400 $
A I AMC 7 g *

300 - i
o | e &

200 1 N @
150

Size of microparticles (um)

100 - o
50

0 100 200 300 400 500

Volume of external water phase (mL)

Figure 27 Size of microparticles prepared with different volumes of external water
phase

Similar findings were reported by Kataras and coworkers (69). However, Zafar
and coworkers (99) reported an increased size of microparticles containing ammonio
methacerylate copolymer Type B (Eudragit® RS100) with increasing volume of
external water phase. The results attributed to the decrease of stirring efficiency with

large volume of external water phase.
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The in vitro drug dissolution in SSF and SGF was further performed to
investigate the effect of volume of external water phase. Qs in SSF of microparticles
prepared with different volumes of external phase was demonstrated in Fig. 28. Qs of
microparticles prepared with AMC amount of 3 g was greater than that of 7 g. Also, Qs
of microparticles prepared with large volume of external water phase was less than that

of small volume of external water phase.
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Figure 28 Qs in SSF of microparticles prepared by different volumes of external

water phase

The in vitro drug dissolution in SGF was also carried out to investigate the
effect of volume of external phase. MDT in SGF was calculated, as shown in Fig. 29.
Based on the AMC amount, MDT of microparticles prepared with AMC amount of 7 g
was greater than that of 3 g. MDT of microparticles prepared with large volume of
external water phase was greater than that of small volume of external water phase.

The effect of volume of external phase on EE was also investigated. As shown
in Table 8, the EE at two different AMC amounts decreased with increasing volume of
external phase. This is in accordance with a previous study (65). When the volume of
external phase increased, it provided large volume for the organic solvent in the oil
phase to be extracted. Once the solvent was removed, it may cause DPH loss to the
external water phase. The EE was therefore decreased, which led to a lower amount of
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drug dissolution in SSF. The large volume of external phase may also fasten the
hardening of microparticles, resulting in dense structure of microparticles. The slow

rate of drug dissolution was, therefore, observed in SGF.
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Figure 29 MDT in SGF of microparticle prepared by different volumes of external

water phase

The effect of volume of external water phase on in vitro drug dissolution in SSF
can be explained by EE of microparticles prepared with different volumes of external
water phase (Table 9). An increase of volume of external water phase increased the
diffusion of dichloromethane from the microparticles to the external water phase, and
therefore, increased the chance of DPH loss to the external water phase. This resulted
in a decrease of EE and led to a low Qs in SSF. Moreover, an increase in volume of
external water phase provided large volume for dichloromethane to diffuse, facilitating
a hardening of microparticles. This may result in a dense microparticle structure and,

therefore, slow drug release rate in SGF or an increase in MDT.
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AMC amounts
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Volume of external phase (mL)

EE (%) + SD

AMC 3 g AMC 7 g
150 38.29+1.37 43.47+2.12
200 37.13+2.87 45.13+2.03
250 32.14+1.53 42.13£1.31
300 29.31£1.92 37.24+1.65
350 33.87+2.01 34.1342.19
400 26.2343.23 30.10+2.93
450 24.2041.73 29.03+2.28

4.2 Determination of factors and factor levels for optimization based on risk
assessment approach

As mentioned in Chapter 2 that the CQAS of taste-masked microparticles were
size of microparticles, Qsin SSF, and MDT in SGF.

According to FIP/AAPS guidelines to dissolution/in vitro release testing of
novel/special dosage forms, the taste-masking is achieved when in vitro drug
dissolution in neutral medium is less than 10% (100). Therefore, Qs in SSF of less than
10% was set as criteria. The ideal taste-masking technique property should only mask
the unpleasant taste but should not affect drug release behavior. The in vitro drug
dissolution testing in SGF was therefore performed to investigate this point. According
to the in vitro drug dissolution of DPH in SGF, MDT was 4.35 min and 80% of
cumulative drug dissolution was obtained within 5 min. Therefore, these criteria were
set for drug dissolution testing in SGF. In this study, the microparticles were planned
to incorporate in the ODTs. As microparticle size is responsible for the mouthfeel of
the tablet after disintegrating in the mouth. The large microparticles can cause a strong
grittiness feeling (101, 102). Therefore, the size of microparticles in the range of 100 to
200 pum was set as criteria.

These criteria were applied for selecting the levels of AMC amount, stirring
time, and volume of external phase (Table 10). By preparing microparticles with AMC

amount ranged from 3 to 7 g, the average particle size of around 100 to 200 was
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obtained with Qs in SSF of less than 10% and MDT in SGF of 5 to 12 min. In case of
operating condition, the stirring rate of overhead stirrer used in the second
emulsification step was kept constant at 500 rpm due to equipment limitation. The
stirring time was varied in the range of 90 to 180 s, which resulted in microparticle size
of around 200 pm with low Qs and MDT in SGF of 6 to 11 min. Using volume of
external water phase of 350 to 450 mL, the size of microparticles of less than 200 pum
with low Qs and MDT in SGF of 7 to 14 min was obtained. The effects of these

processing parameters were further investigated by BBD (Table 11).

Table 10 Independent factors, level of each factor and responses in BBD of DPH-

loaded microparticles preparation

Independent factors Level

Low (-1)  Medium (0) High (+1)
X1: AMC amount (g) 3 5 7
Xa: Stirring time (S) 90 135 180
Xs: Volume of external water phase (mL) = 350 400 450
Responses

Y1: Particle size (um)
Y2: Qs in SSF (%)
Y3: MDT in SGF (min)

4.3 DoE in microparticle preparation

According to the literature and preliminary study, the properties of
microparticles were influenced by independent factors, including AMC amount (X3),
stirring time (X2), and volume of W> (X3). During the experiment, the environmental
factors, including temperature and relative humidity were monitored. The evaluated
responses were particle size (Y1), Qs in SSF (Y2), and MDT in SGF (Y3).
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Table 11 Summary of independent factors, level of factor, and responses in Box-

Behnken design of DPH-loaded microparticles preparation

Standard  Independent factors Experimental values of responses
run order X; X2 X3 Y1 Y2 Y3

1 3 90 400 116.24 14.23 5.15
2 7 90 400 247.73 5.41 9.86
3 3 180 400 82.50 11.71 5.27
4 7 180 400 213.02 3.64 10.52
5 3 135 350 113.82 13.90 4.34
6 7 135 350 226.01 5.32 7.56
7 3 135 450 99.31 8.21 6.32
8 7 135 450 228.61 4.79 12.67
9 5 90 350 194.25 6.50 5.78
10 5 180 350 157.52 7.57 6.03
11 5 90 450 186.28 5.45 7.54
12 5 180 450 174.72 493 7.11
13 5 135 400 184.82 5.46 5.17
14 5 135 400 187.53 6.20 5.67
15 5 135 400 193.62 5.54 6.14
16 5 135 400 185.23 4.35 7.78
17 5 135 400 183.72 5.47 6.03

4.3.1 Particle size of DPH-loaded microparticles

The effect of independent factors on particle size of DPH-loaded
microparticles was investigated. As summarized in Table 11, the particle size ranged
from 82.50 to 247.73 um. A reduced mathematical model in Equation 13 represented
the relationship of independent factors on particle size in terms of coded factors. The
ANOVA results (as provided in Table 12) demonstrated the reliability of the model
with p-value of less than 0.05. Moreover, the p-value for lack-of-fit was 0.0954,
indicating the suitability of the model. The goodness of fit was represented by R? value
of 0.9820.



Particle size = 183.08 + 62.94X; — 14.59X, — 17.17X4?
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(13)

The ANOVA results (Table 12) showed the significant terms were X1, Xz, and

X12. AMC amount and stirring time significantly influenced the particle size. The effect

of these factors is illustrated by three-dimensional plot (Fig. 30), showing that the

particle size increased with increasing AMC amount and decreasing stirring time. This

is in good agreement with the preliminary study.

Table 12 ANOVA results of the fitted model for predicting Y1

Source Sum of Degreeof ~ Mean F-value p-value, prob > F
squares freedom square

Y1

Model 3464140 3 11547.13 236.38 <0.0001

X1 31689.03 © 1 31689.03 648.72  <0.0001

X2 1703.53 1 1703.53 34.87 <0.0001

X2 1248.84 1 1248.84 25.57 0.0002

Residual 635.04 13 48.85

Lack of fit 572.29 9 63.59 4.05 0.0954

Pure error  62.75 4 15.69

Cor total 35276.44 16

Regression coefficient: R? = 0.9820, adjusted R? = 0.9778, predicted R? = 0.9693

Note: Cor total means corrected total sum of squares

The explanation of this phenomenon may be associated with the viscosity of

oil phase. Since an increase of AMC amount increased the viscosity of oil phase, the

higher stirring force and time were required to disperse the primary emulsion in

external water phase (73, 77). Thus, the size of microparticles was increased.
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Figure 30 Three-dimensional plot showing the effect of independent factors on size of

microparticles

According to the study of Pal and coworkers (103), a low shear force is
recommended to disperse primary Wi/O emulsion in external water phase in the
second emulsification step in order to avoid internal droplet break up. The stirring rate
in this study was, therefore, kept constant at 500 rpm, whereas stirring time was varied.
In case of the effect of stirring time on the size of microparticles, it showed negative
association in the model. This may be due to the longer emulsification time by
increasing stirring time. The particle size was, therefore, decreased, as proposed in
previous publication (65).

4.3.2Q5in SSF

From the results, Qs ranged from the lowest of 3.64% to highest of 14.23%.
The ANOVA results (Table 13) showed that the model predicting Qs of DPH-loaded
microparticles was significant with p-value of less than 0.05. The p-value for lack-of-
fit of 0.1384 indicated model suitability and R? value of 0.9216 indicated the goodness
of fit. A reduced mathematical model was represented in coded terms in Equation 14,
indicating that AMC amount was the most significant factor and both AMC amount

and volume of external water phase demonstrated negative association in the model.
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Qs in SSF =5.72 — 3.61X1 — 1.24X3 + 1.29X1X3 + 2.68X1? (14)

Table 13 ANOVA results of the fitted model for predicting Y2

Source Sum of Degree of Mean F-value  p-value, prob > F
squares freedom square

Y2

Model 153.73 4 38.43 35.25 <0.0001

X1 104.33 1 104.33 95.69 <0.0001

X3 12.28 1 12.28 11.26 0.0057

X1X3 6.66 1 6.66 6.11 0.0294

X4 30.47 1 30.47 27.95 0.0002

Residual  13.08 12 1.09

Lack of 11.31 8 1.41 3.19 0.1384

fit

Pure error 1.77 4 0.44

Cortotal  166.82 16

Regression coefficient: R? = 0.9216, adjusted R = 0.8954, predicted R? = 0.7923

Note: Cor total means corrected total sum of squares

The effect of AMC amount, and volume of external water phase on Qs in SSF
is illustrated by the three-dimensional plot (Fig. 31). In vitro drug dissolution profiles
in SSF of standard run 5, 7, 8 are illustrated in Fig. 32 (a), showing retarded drug
dissolution behavior with Qs of 13.90, 8.21, and 4.79, respectively. It can be explained
by the properties of AMC, a pH-dependent solubility polymer, which is soluble at pH
of less than 5, but swellable and permeable above pH 5. An increase in AMC amount
from 3 g (run 7) to 7 g (run 8) may result in the formation of thicker swellable layer of
polymer in SSF, which prevented DPH dissolution from microparticles, resulting in a

decreased Qs.
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Figure 31 Three-dimensional plot showing the effect of independent factors on Qs in
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Figure 32 In vitro drug dissolution profiles of standard run 5, 7, and 8 in (a) SSF,
and (b) SGF

The volume of external water phase showed negative association in the model.
In vitro drug dissolution profiles of run 5 and 7 in SSF demonstrated that an increased
volume of external water phase from 350 mL (run 5) to 450 mL (run 7) resulted in
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lower Qs. The results are in good agreement with the preliminary study results, which
a changed parameter was only volume of external water phase. This can be explained
by the role of external water phase responsible for the last stage of solvent evaporation.
The steps of microparticle hardening were briefly described as follows: diffusion of
organic solvent inside emulsion droplets, diffusion of organic solvent to the
intermediate boundary between dispersed emulsion droplet and external phase and,
evaporation of organic solvent to ambient environment (77). An increase in volume of
external water phase resulted in an accelerated diffusion of organic solvent due to large
volume available for the removal of organic solvent, thus facilitating the microparticle
hardening (61, 100). Therefore, it is hypothesized that this phenomenon was associated

with the formation of complex microparticle structure, which resulted in low Qs.

4.3.3 MDT in SGF

Ideally, the taste-masking approach should only mask the unpleasant taste of
drug without changing the biopharmaceutical behavior (34, 96). Therefore, the effect
of independent factors on MDT in SGF was investigated.

The results showed that MDT ranged from the lowest of 4.34 min in run 5 to
the highest of 12.67 min in run 8. The results of ANOVA test (Table 14) showed that a
reduced mathematical model predicting MDT of DPH-loaded microparticles was
significant with p-value of less than 0.05 and p-value for lack-of-fit of 0.1104,
indicating model suitability. Moreover, R? value of 0.9379 demonstrated the goodness
of fit. The model was represented in coded terms in Equation 15. The effect of AMC
amount, and volume of external water phase on MDT is illustrated by the three-
dimensional plot in Fig. 33.



Table 14 ANOVA results of the fitted model for predicting Y3
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Source Sum of Degree of Mean F-value p-value, prob > F
squares freedom square

Ys

Model 72.92 4 18.23 45.27  <0.0001

X1 47.68 1 47.68 118.39 <0.0001

X3 12.33 1 12.33 30.61  0.0001

X1 X3 2.45 1 2.45 6.08 0.0297

X2 10.47 1 10.47 26.00  0.0003

Residual 4.83 12 0.40

Lack of fit 4.26 8 0.53 3.71 0.1104

Pure error  0.57 4 0.14

Cor total 77.76 16

Regression coefficient: R? = 0.9379, adjusted R? = 0.9171, predicted R?= 0.8217

Note: Cor total means corrected total sum of squares

MDT in SGF = 6.14 + 2.44X1 + 1.24X5 + 0.78X1X3 + 1.57X1?
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Figure 33 Three-dimensional plot showing the effect of independent factors on MDT

of drug release in SGF
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Fig. 32 (b) shows drug dissolution profiles of run 5, 7, 8 in SGF, showing
that an increase of both AMC amount and volume of W> resulted in an increased of
MDT. This phenomenon can be explained in a similar manner to that of Qs in SSF.
An increase in AMC amount resulted in a thick barrier for drug release, and,
therefore increased MDT. In case of the effect of volume of W, the increase in this
factor led to rapid emulsion harden, which strengthen microparticle structure (59, 73),

resulting in an increased MDT.

4.3.4 Validation of mathematical model

The additional experiment was performed to validate the correlation between
the actual value and predicted value calculated from the proposed mathematical
model. Table 15 demonstrates the RMSE of particle size, Qs, and MDT of 11.63,

0.50, and 1.06, respectively, indicating the model effectiveness.

Table 15 Comparison of the difference between actual and predicted value of

responses

No. Independent factors

AMC amount (g)

Stirring time (s)

Volume of water

phase (mL)

F1 55 120 350
F2 4.8 160 380
F3 5.2 100 430
No. Responses

Particle size (um)

Actual value Predicted value RMSE
F1  209.29 202.60
F2  159.20 168.50 11.63
F3 21711 200.55
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Table 15 (continued)

No. Responses

Particle size (um)

Actual value Predicted value RMSE
Qs (%) in SSF
F1 551 5.90
F2  6.97 6.65 0.50
F3 543 4.72
MDT (min) in SGF
F1 6.49 541
F2 6.62 5.45 1.06
F3 8.10 7.19

4.3.5 Optimization of DPH-loaded microparticles preparation

After validation of the model, the optimization was carried out to find the
optimum conditions -to- prepare desired taste-masked DPH-loaded microparticles.
As ODTs are designed to disintegrate in the oral cavity, the disintegrated particles may
potentially cause unpleasant or grittiness feeling on the tongue, leading to poor patient
compliance. Recent studies demonstrated the relationship of particle size and
grittiness feeling; the smaller the particle size, the less the grittiness feeling
(101, 104). They revealed that the particle size of greater than 200 um may cause
intense grittiness sensation. Therefore, criteria of particle size was set at the range of
100 - 200 pm.

Based on the guideline (100), the taste-masking is achieved while drug
dissolution is less than 0.5 mg (or 10 pg/mL). However, the bitterness threshold of
individual drug is also necessary to take into consideration for developing decision-
making criteria. According to the result of in vivo taste evaluation study in human
volunteers, the bitterness threshold of DPH was 56.3+15.73 pg/mL, indicating that
taste-masking was achieved while drug dissolution amount in the medium was under

this concentration. Comparing to that of guideline (100), the evaluation of taste-



89

masking using Qs of less than 10% was selected to use as a strict interpretation for taste-
masking evaluation.

As mentioned in previous part that the ideal taste-masking should not affect
the biopharmaceutical properties of native drug. Regarding to the test, the in vitro
drug dissolution testing of DPH in SGF showed MDT of 4.35 min. Moreover, the
cumulative drug dissolution reached 80% within 15 min. According to the experimental
results, MDT ranged from 4.34 to 12.67 min. To fulfill the purposed requirements, the
criteria for MDT of less than 10 min was acceptable.

In summary, the optimization criteria to determine the optimum values for
preparing DPH-loaded microparticles included the particle size ranging from 100 to
200 pum, Qs of less than 10%, and MDT of less than 10 min.

The optimum value of AMC amount of 5.7 g, stirring time of 148 s, and
volume of external phase of 350 mL were obtained. This condition predicted
particle size of 200 um, Qs in SSF of 5.5%, and MDT in SGF of 5.7 min. The
predicted values were validated by further measuring particle size, in vitro drug
dissolution both in SSF and SGF of the optimized microparticles. The optimized
microparticles showed particle size of 174.45+18.19 um, Qs in SSF of 5.04%, and
MDT in SGF of 5.97 min. Comparing to the predicted value, percentage of error of
particle size, Qs, and MDT were 14.65%, 9.13%, 4.52%, confirming the validity of the
model.

Figure 34 SEM images of (a) optimized microparticles and (a) its surface
morphology
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4.4 Characterization of optimized DPH-loaded microparticles

4.4.1 Residual solvent determination

Regarding to USP36-NF31 (105), dichloromethane is classified as class Il
residual solvent, which should be limited in drug substances, excipients, and drug
products because of its inherent toxicities. Since dichloromethane was used as a solvent
in oil phase in this study, residual solvent test is necessary to confirm that the residual
amount of dichloromethane is in limitation criteria. The permitted daily exposure of
dichloromethane is set at 6.0 mg/day while the concentration limit is 600 ppm. The
amount of dichloromethane analyzed by head-space GC showed that its amount was
below detection limit (less than 5 ppb) of the method. Therefore, it can be concluded
that the amount of residual dichloromethane of microparticles prepared by DESE was

in acceptable criteria.

4.4.2 FTIR spectroscopy

To investigate the chemical compatibility of optimized microparticles, FTIR
was used to characterize the molecular behavior of DPH, AMC, PVA, physical
mixture, and optimized microparticles. As shown in Fig. 35, DPH demonstrated a band
at 3007.6 cm™, which was assigned to an aromatic C-H stretching. It is demonstrated
that a band at 1697.2 cm™ due to the stretching of C=0 group on indanone moiety, and
a band at 1589.0 cm™ due to the vibration of aromatic C=C were observed. DPH also
showed a band at 1312.9 em™ due to the C-N stretching on piperidine ring. AMC
spectrum demonstrated the band at 2822.6 and 2772.0 cm™ attributed to the C-H
stretching of dimethyl amino group.

Additionally, a strong C-O stretching band at 1149.0, and 1242.1 cm™ and
C=0 band at 1731.6 cm™, indicating the present of ester group were observed. For
physical mixture, the superimposed spectrum between DPH and AMC was obviously
seen. Similar result was also observed in the spectrum of optimized microparticles.
There was no significant deviation in characteristic band of microparticles after

preparation, confirming compatibility of components.
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Figure 35 FTIR spectra of DPH, AMC, PVA, physical mixture, and optimized

microparticles

4.4.3 PXRD

According to the PXRD pattern of native DPH illustrated in Fig. 36, sharp
diffraction peaks were observed at 2-theta value of 6.5, 12.9, 16.5, 18.1, 19.5, 20.1,
21.6, 25.9, and 28.1 degree, indicating its crystalline structure. The sharp peaks were
also observed in the PXRD pattern of physical mixture at 2-theta value of 18.1 and
21.6, which attributed to the crystalline peak of DPH. In case of the PXRD pattern of
AMC, PVA, and optimized microparticles, a broad halo pattern was observed, which
indicated the amorphous structure of these samples. Additionally, the absence of
crystalline peak in PXRD pattern of optimized microparticles also confirmed the

complete encapsulation of optimized microparticles.
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Figure 36 Powder X-ray diffraction patterns of DPH, AMC, PVA, physical mixture,

and optimized microparticles

4.4.4 DSC

DSC thermograms of native DPH, AMC, PVA, physical mixture, and
optimized microparticles were used to investigate the  interaction between the
component of resultant microparticles (Fig. 37). Regarding DSC thermogram of native

DPH showed a sharp endothermic peak at 231.31°C was observed, attributing to the

melting peak.
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Figure 37 DSC thermograms of (a) DPH, (b) AMC, (c) PVA, (d) physical mixture,

and (e) optimized microparticles
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The thermogram of physical mixture showed a small endothermic peak. On the
other hand, the absence of endothermic peak in the thermogram of optimized
microparticles supported the PXRD result. It is suggested that the crystalline state of
DPH was changed to amorphous state and it was completely incorporated in the

microparticles.

4.5 Preparation and evaluation of ODTs
4.5.1 Physical properties of ODTs

The 200 mg-blank ODT (F1-ODT to F9-ODT) was first prepared by direct
compression method without addition of optimized microparticles. The effect of
super-disintegrant including sodium starch glycolate (F1-ODT, F2-ODT and F3-ODT),
croscarmellose sodium (F4-ODT, F5-ODT and F6-ODT), and crospovidone (F7-ODT,
F8-ODT and F9-ODT) at 2, 4, 6% on wetting time and in vitro disintegration time was
studied. Table 16 demonstrates the physical properties of blank ODTs.

Table 16 Physical properties of blank ODTs

Formulation ODTSs properties

Diameter Thickness~ Hardness - Wetting time - In vitro disintegration time

(mm)+SD - (mm)+SD (N)+=SD - (s)=SD (s)+SD
F1-ODT 9.72+0.02 210+0.02 41+249 17163 16 £ 0.82
F2-ODT 9.67+£0.03 2.11+0.01 40+287 20=+047 14+ 0.82
F3-ODT 9.69+£0.02 209+002 42+047 20%+141 15+2.15
F4-ODT 9.69+0.01 2.09£000 37+125 21+047 14+1.25

F5-ODT 9.68+0.00 210+0.01-38+249 20+0.00 15+0.82
F6-ODT 9.68+0.00 211+001 34+356 21%0.94 17 £0.47

F7-ODT 9.71+£004 214+001 46+205 12+£125 18 £0.47
F8-ODT 9.68+0.02 215+001 46+094 10x0.47 14+1.70
F9-ODT 9.69+0.00 216+001 48+082 9+047 16 £ 0.47

The off-white color, round, smooth flat-face blank ODT was obtained.
Although the diameter and thickness of all formulations were similar (around 9.70
mm, and 2.10 mm, respectively), the hardness was quite different. The ODTSs
prepared with crospovidone provided the highest hardness (46-48 N), followed with
those of sodium starch glycolate (40 — 42 N) and croscarmellose sodium (34 — 38 N).



94

4.5.2 Wetting test and in vitro disintegration test

According to the USA guidance for industry: orally disintegrating tablets (8),
the disintegration time is the critical factor for characterizing tablets as ODTSs. It should
rapidly disintegrate with an in vitro disintegration time of 30 s or less using USP
disintegration test or alternative. Therefore, the effect of disintegrant on disintegration
time of ODTSs should be investigated in this study. However, there is no compendial
disintegration test in pharmacopeia that particularly designed for ODTs. The test
specified in general chapter <701> Disintegration assigned the tablet to be
tested in 900 mL of water under vigorously agitated apparatus, which does not
simulate the condition of oral cavity. Therefore, various alternative disintegration tests
have been proposed. Among these tests, wetting test has received much attention to
characterize the ODTSs. The time required for dye solution to diffuse through the ODT
and completely cover its surface was recorded as wetting time. So, this test was
carried out as a quick and easy screening tool for investigating wettability of ODTs
containing different super-disintegrants.

The wetting time of F1-ODT to F9-ODT is demonstrated in Table 16. The
wetting time of 17-21 s was observed in F1-ODT-F6-ODT in which sodium starch
glycolate and croscarmellose sodium were used as a disintegrant. However, faster
wetting time ‘of 9-12 s was achieved for F7-ODT-F9-ODT containing
crospovidone. This phenomenon can be explained by high capillary effect and strong
hydration capacity of crospovidone over other super-disintegrants (106). After placing
on wetted filter paper, it rapidly absorbed dye solution via capillary action and,
therefore, wetting time was shortened.

However, in physiological condition, there are two steps related to the
disintegration of ODT in oral cavity. After placing the tablet on the tongue, the saliva
absorption begins, followed by tablet disintegration into small particles due to the
pressure between the tongue and upper hard palate. Only determination of wetting
time may not be sufficient to characterize the ODT, since that pressure was
neglected. To simulate both steps, in vitro disintegration time of all ODTs was also
determined. The result showed a different trend compared to those of wetting test
(Table 16). The disintegration time was determined, ranging from 14 to 18 s. To
choose the ODT for further analysis, the information from wetting test and in vitro
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disintegration test were taken into consideration. Therefore, sodium starch glycolate
of 4% (F2-ODT), croscarmellose sodium of 2% (F4-ODT), and crospovidone of 4%
(F8-ODT) were selected to prepare ODT containing optimized microparticles.

The optimized microparticles of 28.5 mg (equivalent to 5 mg of DPH) were
incorporated in order to prepare F10-ODT (with 4% sodium starch glycolate), F11-
ODT (with 2% croscarmellose sodium), and F12-ODT (with 4% crospovidone). After
blending and tableting, the ODTs properties were determined against DPH-ODT.
Similar to the appearance of blank ODT, the off-white color, round, flat face ODT
with the diameter of 9.7 mm was obtained. However, the surface of ODT was rough
due to homogeneously distributed microparticles and the thickness was increased to
2.34 mm. F12-ODT prepared with 4% crospovidone showed the highest hardness of
42 N, followed by F10-ODT, and F11-ODT.

Figure 38 Microscopicimages of (a) DPH-ODT and (b) F12-ODT

The wetting time and in vitro disintegration time results showed similar trend
to that of blank ODT. Fig. 39 shows different stages of wetting time testing. The
wetting time of F12-ODT was fastest (11 s) while that of F10-ODT and F11-ODT
was 23 and 24 s, respectively. In contrast to the in vitro disintegration time of all
formulations (Table 17), it was in the same range of 13 to 14 s.

In addition, the percentage of friability was also determined. The results
showed that the lowest friability was obtained from F12-ODT (Table 17), which
correlated well with its high hardness. This phenomenon was also reported by Mehta
and coworkers (84), who reported that the hardness of multiparticulate tablets
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ng crospovidone was higher than that of sodium starch glycolate and

croscarmellose sodium. The binding properties of crosspovidone acted as an adhesive

within t

he tablets. The ODT was, therefore, harder and less friable (107).

Table 17 Physical properties of ODTs containing taste-masked microparticles

Formulation ODTs properties
Diameter Thickness Hardness Wetting time  In vitro Friability In vivo
(mm)+SD (mm)xSD (N)+SD (s)+SD disintegration (%) disintegration
time (s) £ SD time (s) £ SD
F10-ODT 9.68+0.00 226+0.02 37+205 23+0.94 14 £0.94 1.72
F11-ODT 9.68+0.01 228+001 34+170 24+163 13+1.25 1.90
F12-ODT 9.70+0.00 234+005 42+0.82 11+0.82 14+£1.25 0.76 18.78 £1.73
DPH-ODT 9.71+0.01 218+0.02 = 38+283  10+1.70 13+0.82 0.90 2257 +3.41

3s I1s

F10-ODT
0s 23s
F11-ODT
0s 4s 12s 24 s
F12-ODT
0s 2s 6s Ils
Figure 39 Stages of wetting test of F10-ODT (with 4% sodium starch glycolate),

F11-ODT (with 2% croscarmellose sodium), and F12-ODT (with 4% crospovidone)

4.5.3 In vitro dissolution test

The in vitro drug dissolution of native DPH, DPH-ODT, optimized

microparticles, and F12-ODT was determined in both SSF, and SGF. The dissolution
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profiles of DPH, and DPH-ODT in SSF in Fig. 40 (a) showed a rapid drug dissolution
of more than 80% in 5 min with Qs of 81.38 and 83.11%, respectively. In contrast to
the optimized microparticles, and F12-ODT demonstrated a low drug dissolution
behavior with Qs of 5.04, and 4.48%. These two formulations met the taste-masking

acceptance criteria of Qs less than 10%.
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Figure 40 In vitro drug dissolution profiles of native DPH, DPH-ODT, optimized
microparticles, and F12-ODT in (a) SSF, and (b) SGF
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Drug dissolution testing in SGF was also carried out to determine drug
dissolved in pH 1.2 medium to simulate gastric conditions. A rapid drug dissolution of
more than 80% within 5 min was observed in DPH, and DPH-ODT. However, the drug
dissolution from optimized microparticles, and F12-ODT was slower and reached 80%
within 15 min with MDT of 5.97 and 5.01 min, which were acceptable with regards to

the criteria.

4.5.4 In vivo evaluation

The in vivo evaluation began with the determination of perception and
bitterness threshold of DPH. The results from six volunteers showed the perception
threshold of 41.7 pg/mL (ranged from 25.0 to 62.5 pg/mL, SD of 13.81). The
bitterness threshold of DPH was found to be 56.3 pg/mL (ranged from 37.5 to 75.0
pg/mL, SD of 15.72), which is in a good agreement with previous studies (12, 26).

The volunteers were also asked to evaluate the disintegration time of the
samples. The results showed that the average disintegration time of DPH-ODT,
and F12-ODT was 20.74+1.90 and 18.78+1.73 s, respectively. After the tablet
completely disintegrated, the volunteers were asked to hold. it in their mouth for 30 s.
Then, they were asked to evaluate the score for bitterness, tablet handling, grittiness,
and overall palatability by drawing line on 100-mm length VAS line. The VAS score
of ODT was presented as median with range in box-whisker plot in Fig. 41. A
statistically significant difference among two samples was noted by asterisk at p-value
of less than 0.05.

The median VAS bitterness score of F12-ODT (92.5) was significantly lower
than that of DPH-ODT (6), indicating that the bitterness of DPH was successfully
suppressed. On the other hand, the median of VAS tablet handling of DPH-ODT, and
F12-ODT was almost similar (91.5 and 91, respectively), meaning that the tablet
handling of these tablets was not significantly different. The VAS results in Fig. 41 (c)
presented that the median grittiness score of F12-ODT was significantly greater than
that of DPH-ODT, indicating that the grittiness feeling of F12-ODT was pronounced
over that of DPH-ODT. This result may be related with the large particle size of

optimized microparticles of 174.45+18.19 um. However, the median of VAS score for
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overall palatability of F12-ODT was significantly greater than that of DPH-ODT,
indicating that F12-ODT was acceptable.
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Figure 41 VAS scores of (a) bitterness, (b) tablet handling, (c) grittiness, and (d)

overall palatability
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CHAPTER 5

Conclusion and future prospect

Drug microencapsulation by DESE may potentially be used for taste-masking
of DPH. However, the preparation of W/O/W double emulsion is a complex process
and associated with several factors including formulation factors, operating conditions,
and environmental factors, the implement of DoE may be beneficial in helping
determine the effect of each factor and optimization.

Firstly, the preliminary study was performed to determine a suitable range of
AMC amount (1-7 g) and ultrasonication time (120 s) used for double emulsion
preparation. The fishbone diagram was constructed to demonstrate relevant factors
throughout microparticle preparation process. The risk assessment approach was then
employed to prioritize risk value of each factor based on the information from literature.
The high-risk factors were amount and volume of materials, pH of external water phase,
and ultrasonication and stirring rate and time. The effect of independent factors
including AMC amount (3-7 g), stirring time (90-180 s), and volume of external water
phase (350-450 mL) on particle size, Qs in SSF, and MDT in SGF were investigated
using BBD. The results demaonstrated that particle size increased with increasing AMC
amount and decreasing stirring time. Both AMC amount and volume of external water
phase had a significant impact on Qs.in SSF. On the other hand, these two factors had
a significant impact on MDT in SGF. Furthermore, the optimization was then carried
out to find the optimum conditions for taste-masked microparticle preparation based on
the acceptance criteria. The optimum conditions were AMC amount of 5.7 g, stirring
time of 148 s, and volume of external phase of 350 mL.

The optimized microparticles were then incorporated in ODTs, which prepared
by direct compression method. The effect of super-disintegrant including sodium starch
glycolate, croscarmellose sodium, and crospovidone at 2, 4, 6% on wetting time and in
vitro disintegration time was investigated. Since F12-ODT containing 4% of
crospovidone showed a sufficient hardness, low friability, short wetting time and in

vitro disintegration time, this formulation was then selected for further studied.
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The in vivo ODT evaluation was then conducted in 6 healthy volunteers. The
perception threshold and bitterness threshold were first determined before tablet
evaluation. The results showed that the bitterness score of F12-ODT was significantly
lower than that of DPH-ODT while tablet handling score was not significant different.
It is suggested that successful taste-masking of DPH with acceptable tablet handling
was achieved. Although the grittiness score of F12-ODT was significantly higher than
that of DPH-ODT, the overall palatability was acceptable.

According to the results obtained from all experiments, it can be concluded that
the microencapsulation by DESE can effectively use for taste-masking the bitter taste
of DPH. DoE approach using BBD can help explain the effect of independent factor
and optimization. Eventually, the ODT containing taste-masked microparticles with
acceptable properties was successfully prepared.

Although the characterization part of this study demonstrated that the
encapsulation process had no effect on chemical characteristics, only crystal structure
changed observed, the in vivo bioavailability of microparticles should be conducted. In
addition to bitterness taste of DPH, gastrointestinal adverse event is frequently reported
due to the fluctuation of plasma drug level of conventional product. Future research
should emphasize on controlled release product to maintain steady DPH level. The
nanotechnology-based formulation for transdermal or intranasal administration may be

an excellent alternative route to overcome this problem.
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