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Pseudo-ternary phase diagrams for oleyl laurate, oleyl stearate and oleyl oleate with
surfactants (Pluronic F68 and Span 20) and piroxicam were constructed. In each
pseudo-ternary phase diagram, a one-phase region was located along the apex line of
water and mixed surfactants. A multi-phase region was also formed and found to
dominate the three pseudo-ternary phase diagrams. The formation of large multi-
phase regions was believed to be due to less or no synergistic effects between the
Pluronic F68 and Span 20 in facilitating the formation of nanoemulsions. Even so, a
composition from the multi-phase region from each pseudo-ternary phase diagram
was chosen for preparing the nanoemulsions systems containing piroxicam via low

energy emulsification methods.
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The incorporation of a rheology modifier (xanthan gum) into the nanoemulsions
systems containing piroxicam successfully facilitated the formation of
nanoemulsions systems. The results from the preliminary study via ‘One-At-A-Time
Approach’ showed that the optimum amount (w/w) of oil for oleyl laurate
nanoemulsions was 30 g (w/w) and 20 g (w/w) for oleyl stearate nanoemulsions and
oleyl oleate nanoemulsions. For each nanoemulsions system, the mixed surfactants
(Pluronic F68:Span 20, 8:2) and rheology modifier needed for the emulsification to
take place was found to be 10 g (w/w) and 0.5 g (w/w), respectively. However, the
emulsification process at optimum amount of the three variables for each
nanoemulsions system showed that the low energy emulsification method was

unable to form emulsions in the nano-size range.

Thus, further investigation of the emulsification process was carried out using a high
shear emulsification method by employing Artificial Neural Network (ANN) and
Response Surface Methodology (RSM). ANN and RSM were used to predict the
optimum amount (w/w) of oil, mixed surfactants and rheology modifier in order to
produce nanoemulsions systems having ‘nano’-sized particles with high physical
stability. The results showed that RSM gave a better prediction than ANN whereby a
comparison between the predicted and experimental values showed good
correspondence between them, with R values > 0.9. The good correspondence of
predicted and experimental values indicated that the empirical models derived from
RSM can be used to describe the relationship between the variables and responses

for the emulsification process of palm-based nanoemulsions systems.
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As a result, the optimization of the emulsification process via a high shear
emulsification method was performed by RSM based on Central Composite Design
(CCD). The optimal amounts (w/w) of oleyl laurate, oleyl stearate and oleyl oleate
as the oil phase for the oleyl laurate nanoemulsions (OL-Opt), oleyl stearate
nanoemulsions (OS-Opt) and oleyl oleate nanoemulsions (OO-Opt) were found to
be 33.92 g, 17.74 g and 17.95 g, respectively. As for the mixed surfactants (Pluronic
F68:Span 20, 8:2) and rheology modifier, the optimal amounts (w/w) were found to
be 4.03 g (OL-Opt), 9.97 g (OS-Opt), 7.59 g (OO-Opt) and 0.71 g (OL-Opt), 0.57 g
(OS-Opt) and 1.02 g (OO-Opt), respectively. The emulsification process via high
shear emulsification method at optimal amounts of the three variables has produced
emulsions in ‘nano’-sized particles with surface charge values more negative than

-30 mV at pH around 5, which suggest high physical stability of the emulsions.

The characterization of oleyl laurate nanoemulsions (OL-Opt), oleyl stearate
nanoemulsions (OS-Opt) and oleyl oleate nanoemulsions (OO-Opt) showed that the
particle sizes were in the nano-range (in between 50 and 200 nm), with surface
charge values and pH of -32.7 to -40.6 mV and 5.08 to 5.14, respectively. From
observations, the three nanoemulsions systems were also found to be stable at
various storage temperatures, which were 3 °C, 25 °C and 45 °C, with no phase
separations. The physically stable nanoemulsions systems were also found to exhibit
non-Newtonian flow behaviour by displaying a pseudoplastic behavior and shear-
thinning properties. The conductivity values of OL-Opt (310.0 uS cm™), OS-Opt
(281.0 uS cm'l) and OO-Opt (413.0 uS cm'l) also confirmed that oil-in-water
nanoemulsions have been successfully produced. They were also found to be non-

irritant to the skin.
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The oleyl laurate nanoemulsions (OL-Opt), oleyl stearate nanoemulsions (OS-Opt)
and oleyl oleate nanoemulsions (OO-Opt) were found to be stable for three months
at various storage temperatures, which were 3 °C, 25 °C and 45 °C; and passed the
Freeze-thaw cycle with no phase failures. The particle size analyses showed that
there were no significant differences during the three months storage period
especially at temperatures of 3 °C and 25 °C, which indicated that Ostwald ripening
could be prevented from occurring by incorporating polymeric surfactants and
rheology modifiers into the nanoemulsions systems. At storage temperature of
45 °C, the particle sizes for the three nanoemulsions systems were found to increase,
which was probably due to the loss of water from the system, thus allowing the

particles to combine and finally forming larger particles.

The in-vitro study of OL-Opt, OS-Opt and OO-Opt was carried out by investigating
their penetration through the cellulose synthetic membrane and Wistar male rat skin.
It was found that the highest penetration of piroxicam at the 8" h was given by OS-
Opt (31.12%) followed by OO-Opt (25.46%) and OL-Opt (21.55%). The addition of
1% menthol (which was labeled as WE) to each nanoemulsions system has
increased the amount of piroxicam passing through the cellulose synthetic
membrane as oleyl stearate nanoemulsions with menthol (OS-OptWE) showed the
highest penetration of piroxicam (35.65%) followed by oleyl oleate nanoemulsions
with menthol (OO-OptWE) (30.54%) and oleyl laurate nanoemulsions with menthol
(OL-OptWE) (25.15%). Finally, the release of piroxicam from OL-OptWE, OS-
OptWE and OO-OptWE was carried out via the rat skin. OS-OptWE was found to
give the highest penetration of piroxicam (41.44%), followed by OO-OptWE

(29.01%) and OL-OptWE (21.10%).
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Tiga sistem nanoemulsi mengandungi surfaktan (Pluronic F68 dan Span 20) dan
piroksikam telah disediakan bagi tujuan membina gambarajah fasa pseudo-tiga
untuk oleil laurat, oleil stearat dan oleil oleat. Setiap gambarajah fasa pseudo-tiga
menunjukkan bahawa kawasan satu fasa terbentuk di kawasan jumlah air dan
campuran surfaktan tertinggi. Kawasan pelbagai fasa juga terbentuk, dan didapati
mendominasi hampir keseluruhan gambarajah fasa pseudo-tiga. Pembentukan
kawasan pelbagai fasa yang luas dipercayai kerana kurang atau tiada kesan sinergi di
antara Pluronic F68 dan Span 20 yang dapat membantu pembentukan nanoemulsi.
Walaupun demikian, satu komposisi dari kawasan pelbagai fasa bagi setiap
gambarajah fasa pseudo-tiga telah dipilih untuk menyediakan nanoemulsi

mengandungi piroksikam melalui kaedah pengemulsian tenaga rendah.
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Penambahan bahan pengubahsuai reologi (xanthan gam) ke dalam sistem
nanoemulsi yang mengandungi piroksikam telah berjaya menghasilkan nanoemulsi
yang stabil. Oleh itu, satu kajian awal telah dijalankan melalui kaedah konvensional
laitu memvariasikan satu parameter pada-satu-masa. Keputusan yang diperolehi
menunjukkan bahawa jumlah optimum (w/w) minyak untuk nanoemulsi oleil laurat
adalah 30 g (w/w) dan 20 g (w/w) untuk kedua-dua nanoemulsi oleil stearat dan oleil
oleat. Bagi setiap sistem nanoemulsi, campuran surfaktan dan pengubahsuai reologi
yang diperlukan untuk proses pengemulsian adalah 10 g (w/w) dan 0.5 g (w/w).
Walau bagaimanapun, keputusan eksperimen menunjukkan bahawa proses
pengemulsian pada jumlah optimum bagi ketiga-tiga pembolehubah menunjukkan
bahawa kaedah pengemulsian tenaga rendah tidak dapat membentuk emulsi dalam

julat saiz nano.

Oleh itu, ujikaji lanjutan terhadap proses emulsifikasi telah dijalankan menggunakan
Rangkaian Saraf Tiruan (ANN) dan Kaedah Permukaan Respons (RSM). ANN dan
RSM telah digunakan untuk meramal jumlah optimum bagi fasa minyak, campuran
surfaktan dan pengubahsuai reologi untuk menghasilkan emulsi dengan zarah
bersaiz ‘nano’ dan stabil. Hasil kajian menunjukkan bahawa RSM memberikan
keputusan yang lebih baik berbanding ANN, di mana perbandingan di antara nilai
ramalan dan nilai sebenar ujikaji menunjukkan jalinan yang baik diantara mereka,
dengan nilai R* > 0.9. Hubungkait yang baik di antara keputusan ramalan dan
keputusan sebenar menunjukkan bahawa model empirik yang diperolehi dari RSM
boleh digunakan untuk menerangkan hubungkait antara pembolehubah dan

maklumbalas bagi proses pengemulsian nanoemulsi.
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Proses mengoptimum emulsi telah dijalankan menggunakan RSM berdasarkan
kepada Pusat Komposit Berputar (CCD). Jumlah optimum (w/w) fasa minyak (oleil
laurat) untuk nanoemulsi oleil laurat (OL-Opt) adalah 33.92 g, manakala 17.74 g
oleil stearat dan 17.95 g oleil oleat diperlukan untuk menghasilkan nanoemulsi oleil
stearat (OS-Opt) dan nanoemulsi oleil oleat (OO-Opt). Keputusan ujikaji juga
menunjukkan bahawa jumlah optimum bagi campuran surfaktan adalah 4.03 g (OL-
Opt), 9.97 g (OS-Opt), 7.59 g (O0-Opt) dan jumlah optimum bagi pengubahsuai
reologi adalah 0.71 g (OL-Opt), 0.57 g (OS-Opt) dan 1.02 g (OO-Opt). Penghasilan
emulsi menggunakan kaedah pengemulsi ricih tinggi pada nilai optimum bagi
ketiga-tiga pembolehubah telah menghasilkan nanoemulsi dengan nilai cas
permukaan melebihi -30 mV pada pH sekitar 5 telah mencadangkan bahawa ketiga-

tiga nanoemulsi yang dihasilkan mempunyai kestabilan fizikal yang tinggi.

Pencirian sistem nanoemulsi pada amaun optimum (w/w) menunjukkan bahawa saiz
zarah berada dalam julat nano (di antara 50 dan 200 nm), dengan nilai cas
permukaan di antara 32.7 mV dan 40.6 mV dengan nilai pH di antara 5.05 dan 5.14.
Pemerhatian juga menunjukkan bahawa ketiga-tiga sistem nanoemulsi berada dalam
keadaan stabil pada suhu penyimpanan 3 °C, 25 °C dan 45 °C. Sistem-sistem
nanoemulsi tersebut juga mempamerkan sifat bukan Newtonian, atau dalam erti kata
yang lain bermaksud sistem tersebut mempamerkan sifat pseudoplastik dan ricih-
penipisan. Nilai kekonduksian bagi sistem nanoemulsi oleil laurat (310.0 uS cm™),
nanoemulsi oleil stearat (281.0 uS cm'l) dan nanoemulsi oleil oleat (413.0 uS cm'l)
telah mengesahkan bahawa nanoemulsi dari jenis minyak-di dalam-air telah berjaya
dihasilkan. Ketiga-tiga nanoemulsi juga didapati tidak meyebabkan kerengsaan

kepada kulit.
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Seterusnya, sistem nanoemulsi juga didapati stabil untuk tempoh 3 bulan apabila
disimpan pada suhu 3 °C, 25 °C dan 45 °C, serta lulus ujian kitaran beku-cair.
Sepanjang tempoh 3 bulan penyimpanan, saiz zarah nanoemulsi di dapati tidak
menunjukkan sebarang perubahan yang signifikan terutama pada suhu 3 °C dan 25
°C, yang mana ianya menunjukkan bahawa proses pematangan Ostwald boleh
dihalang apabila menggunapakai surfaktan polimer dan pengubahsuai reologi di
dalam sistem nanoemulsi. Pada suhu penyimpanan 45 °C, saiz zarah bagi ketiga-tiga
sistem nanoemulsi telah didapati meningkat, yang mana ianya mungkin disebabkan
oleh kehilangan air daripada sistem nanoemulsi, dan seterusnya menyebabkan zarah-

zarah bergabung, dan membentuk partikel yang lebih besar.

Kajian in vitro terhadap sistem nanoemulsi telah dijalankan untuk mengetahui kadar
penembusan piroksikam melalui membran selulosa sintetik dan kulit tikus jantan
Wistar. Hasil kajian menunjukkan bahawa penembusan tertinggi piroksikam pada
jam ke-8 diperolehi dari OS-Opt (31.12%), diikuti oleh OO-Opt (25.46%) dan OL-
Opt (21.55%). Penambahan 1% menthol (dilabelkan sebagai WE) kepada sistem
nanoemulsi berjaya meningkatkan jumlah penembusan piroksikam melalui membran
selulosa sintetik. Keputusan menunjukkan bahawa nanoemulsi oleil stearat
mengandungi menthol (OS-OptWE) memberikan penembusan tertinggi piroksikam
(35.65%) diikuti oleh nanoemulsi oleil oleat mengandungi menthol (OO-OptWE)
(30.54%) dan nanoemulsi oleil laurat mengandungi menthol (OL-OptWE) (25.15%).
Ujikaji terakhir adalah mencari peratusan pembebasan piroksikam dari setiap sistem
nanoemulsi melalui kulit tikus. Keputusan ujikaji menunjukkan bahawa OS-OptWE
telah memberikan pembebasan tertinggi piroksikam (41.44%) diikuti oleh OO-

OptWE (29.01%) dan OL-OptWE (21.10%).
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CHAPTER 1

INTRODUCTION

1.1  Background Of The Study

The pharmaceutical industry is an important component of the healthcare sector in
Malaysia. Its development is driven by rising wealth, increased longevity of the
population, greater awareness of healthcare and better access to medicines. In
addition to that, there are opportunities to benefit from the diversified natural
resources (such as form Malaysia’s flora and fauna) for the development of various
types of resource-based and bio-generic drugs. For instance, the utilization of palm-
based raw materials in the pharmaceutical industry (as drug delivery agent) is
expected to maintain Malaysia’s position as a global producer and exporter of oil

palm products.

Palm oil consists of triglycerides with the combination of glycerol and different fatty
acids. The fatty acids can be converted to wax esters by synthesizing the fatty acids
with long chain alcohols using lipases at mild reaction conditions and an
environmentally friendly process, as described by Mat Radzi et al. (2005a). Wax
esters are preferable as the oil phase for a nanoemulsions system over other types of
oil phases such as triglycerides. This is due to the novel characteristics exhibited by
wax esters, such as superb wetting behaviour at interfaces, without the ‘oily feeling’
when applied on skin surfaces and able to form nanoemulsions with selected

surfactants.



Drug delivery is the method or process of administering a pharmaceutical compound
to achieve a therapeutic effect in humans or animals (Friedman, 2008). Investigation
on drug delivery technologies is carried out for the benefit of improving product
efficacy and safety, as well as patient convenience and compliance. Most common
routes of administration include the preferred non-invasive peroral (through the
mouth), topical (skin), transmucosal (nasal, buccal/sublingual, vaginal, ocular and
rectal) and inhalation routes. However, many medications may not be delivered
using these routes because they might be susceptible to enzymatic degradation or

cannot be absorbed into the systemic circulation efficiently due to its molecular size.

1.2 Problem Statements

Non-steroidal anti-inflammatory drugs (NSAIDs) are one of the most widely
prescribed medications in the world (Sostres et al., 2010). They are known to have
prominent anti-inflammatory, analgesic and antipyretic properties. In spite of these
properties, some of the drugs are unable to be marketed due to difficulties in
delivery. Some of the obstacles in drug delivery are poor solubility of the drugs, low
bioavailability, short in-vitro and in-vivo stability, adverse side effects (such as
irritation and ulceration to the gastro-intestinal mucosa) especially when taken
orally, and regulatory issues. Therefore, such drugs need to be administered through
a delivery system (such as topical delivery) that can make them marketable and

acceptable for treatment of patients.



1.3  Significance Of The Study

Topical application of a pharmacologically active compound onto the skin offers
several advantages over other methods of administration such as oral and parenteral.
The advantages of topical application are reduction in first pass metabolism by the
liver, non-invasiveness, avoidance of the gastric route, reducing the potential for
both degradation of the drug and gastric irritation, improved owner compliance with
drug administration as well as elimination of pain and other complications of
parenteral administration (Wosicka and Cal, 2010). In terms of the clinical use,
topical administration will be the most preferred way of drug delivery due to limited
or no side effects, especially for elderly patients who cannot tolerate oral dosage

form and prolonged therapy.

Hence, a new carrier-system for NSAIDs which is more efficient than the existing
one has to be found, especially if it is able to reduce the adverse effects and
solubility problem of the drug, thus overcoming the permeability problem of the
drug. Therefore, an emulsions system, which is in nanometric size, mainly covering
a size range of 50-200 nm, (Kong and Park, 2011) appears to be a potential carrier
for transdermal delivery because the penetration through rough skin is easier, which
also enhances the penetration of the actives (Tadros et al., 2004). Nanoemulsions are
believed to be independent of the molecular size of the actives. Using oil-in-water
nanoemulsions, the drug can be solubilized in the lipophilic phase, and the surfactant
and co-surfactant in the nanoemulsions system may function as permeation

enhancers by reducing the diffusional barrier of the stratum corneum.



14 Objectives

Consequently, there are specific objectives, which have been listed below, that need

to be carried out to develop a nanoemulsions system as a potential carrier for a

transdermal delivery for the prototype NSAIDs, piroxicam:

1.

To prepare and construct pseudo-ternary phase diagrams of single fatty
acid esters.

To prepare nanoemulsions for piroxicam via spontaneous and high shear
emulsifications methods.

To predict and optimize the conditions for preparing nanoemulsions with
nano-size particle and good physical stability using Response Surface
Methodology (RSM) and Artificial Neural Network (ANN).

To characterize the rheological and physicochemical properties of the
nanoemulsions containing piroxicam.

To evaluate the stability of the nanoemulsions system containing
piroxicam.

To study the delivery potential of the nanoemulsions system containing

piroxicam.
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APPENDIX

An example of a typical output of particle size distribution using Nanophox at
25.0+ 0.5 °C.
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