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Alzheimer’s disease (AD) is a neurodegenerative disease, which is caused by abnormal
accumulation of beta amyloid (AP) peptide in brain and degeneration of cholinergic
neurons. Galantamine hydrobromide (GH) is an effective drug for the treatment of AD
with its function as the acetylcholinesterase enzyme (AChE) inhibitor. It is currently
prescribed through oral and parenteral delivery in the form of tablets, capsules and
solutions. These administration methods of GH can cause unwanted effects such as
disturbed sleep, vomiting and nausea. These effects can be reduced by using
transdermal delivery of GH, which are more patient compliance, more controlled drug
release, less frequent drug dosing and longer treatment time.

GH was first formulated in gel drug reservoir and then fabricated in the three-layered
patch system. HPLC analysis confirmed the loading of GH in the prepared gel.
Preliminary studies showed that amount of carbopol, triethanolamine (TEA), GH and
propylene glycol (PG) can affect the drug release from gel. Higher drug release was
observed when gel consisted of lower amount of carbopol and TEA, with higher
amount of GH and PG. Response surface methodology (RSM) based on central
composite design (CCD) proposed that optimized gel consisted of 0.89% w/w
carbopol, 1.16% w/w TEA and 4.19% w/w GH gave predicted cumulative drug release
amount at 8 h (Q8) of 17.80 mg.cm? and permeation flux (J) of 2.27 mg.cm#h. These
values were closely fitted to the actual values of Q8 (16.93 #+0.08 mg.cm?) and J
(2.32 £0.02 mg.cm?/h).

The results from artificial neural network (ANN) gave insignificant standard deviations
between actual with predicted Q8 (16.23 mg.cm™) and J (2.17 mg.cm?h). The
importance chart obtained from ANN revealed that the carbopol and TEA amount were
the main factors affecting Q8 and J. FTIR study showed the interactions between GH
with other compositions in gel. The physicochemical evaluations showed the moderate
pH, successful drug loading and high moisture content in gel. Rheological studies
proved the elastic network structure of GH-loaded gel, with the presence of non-
Newtonian behaviour, shear thinning properties and temperature-dependent viscosities.



The porous network structure of gel formulation was confirmed with TEM analysis.
Toxicity test on fibroblast cells found that the gel was skin compatible.

The GH-loaded gel was then fabricated into the patch system. This system consisted of
backing layer, gel drug reservoir in pad layer and release liner. The size of patch is
6 cm x 7 cm, while the size of gel drug reservoir layer is 2 cm x 3 cm. Thickness of this
patch is 0.2 cm and loaded with 13.97 mg/cm? of GH. This patch had neutral pH,
successful drug loading and high moisture content. Histological examinations showed
there was no irritation on rat skins after application of the patch. GH release from gel
and patch system provided more controlled and sustained drug release compared to the
control, with the involvement of super case-II transportation. Both GH-loaded systems
exhibited good inhibition of AChE activities.

Stability evaluation on GH-loaded gel and patch systems revealed the high stability of
both systems under centrifugation. Both systems were unstable at 4 <C and 45 <C, but
stable at 25 <C. The systems were physically stable, with no crystals formation and no
phase separation for at least 6 months at 25 <C. The systems also showed insignificant
changes in pH, drug content and moisture content through 6 months of storage. pH
studies showed gel and patch formulations had pH ranged from 6.84 to 7.12, which
would not cause skin irritation. Drug loading and moisture content analysis proved the
successful drug loading and high moisture content in gel and patch system, with less
than 10% drug and moisture loss. Therefore, it can be concluded that both GH-loaded
systems were stable and potent to be used for the treatment of AD.
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Penyakit Alzheimer (AD) merupakan penyakit degeneratif yang dapat mengancam
otak. AD disebabkan oleh pengumpulan peptida amiloid beta (Ap) dalam otak dan
degenarasi neuron kolinergik dalam otak. Galantamina hidrobromida (GH) adalah ubat
yang berkesan untuk rawatan AD dengan fungsinya sebagai perencat enzim
asetilkolinesterase (AChE). Pada masa kini, ubat ini diambil secara pemakanan dan
suntikan dalam bentuk tablet, kapsul dan larutan. Pengambilan GH dengan kaedah ini
boleh menyebabkan kesan yang tidak diingini seperti gangguan tidur, mual dan
muntah. Ini dapat dikurangkan dengan pengambilan GH melalui kulit kerana cara ini
dapat meningkatkan keselesaan pesakit, mengawalkan kadar pelepasan ubat,
mengurangkan kadar pengambilan ubat dan memanjangkan masa rawatan.

GH diformulakan dalam takungan ubat jenis gel dan seterusnya difabrikasikan dalam
sistem penampalan tiga lapisan. Analisis HPLC mengesahkan kandungan GH dalam
gel yang disediakan. Kajian awal menunjukkan kuantiti karbopol, triethanolamina
(TEA), GH dan propilena glikol (PG) dapat mempengaruhi pelepasan ubat dari gel.
Pelepasan ubat yang lebih tinggi berlaku apabila gel mengandungi kuantiti karbopol
dan TEA yang lebih rendah, berserta dengan kuantiti GH dan PG yang lebih tinggi.
Kaedah gerak balas permukaan (RSM) berasaskan reka bentuk komposit pusat (CCD)
mencadangkan gel dengan komposisi 0.89% w/w karbopol, 1.16% w/w TEA dan
4.19% w/w GH boleh menghasilkan nilai jangkaan 17.80 mg.cm™ bagi kuantiti
kumulatif pelepasan ubat pada jam ke-8 (Q8) dan 2.27 mg.cm?h bagi fluks
kemeresapan ubat (J). Nilai ini hampir bersamaan dengan nilai sebenar 16.93 +0.08
mg.cmbagi Q8 dan 2.32 +0.02 mg.cm?/h bagi J.

Keputusan dari jaringan neural tiruan (ANN) juga memberikan sisihan yang tidak
ketara antara nilai sebenar dengan nilai jangkaan Q8 (16.23 mg.cm®) dan J (2.17
mg.cm?/h). Carta kepentingan yang diperolehi daripada ANN mendedahkan kuantiti
karbopol dan TEA adalah faktor utama mempengaruhi Q8 dan J. Kajian FTIR
menunjukkan interaksi antara GH dengan komposisi lain dalam gel. Kajian fisikokimia



menunjukkan pH sederhana, pemuatan ubat yang berjaya dan kandungan lembapan
yang tinggi dalam gel. Kajian reologi membuktikan gel mengandungi GH mempunyai
struktur jaringan elastik, berserta dengan sifat non-Newtonian, penipisan ricih dan
kelikatannya bergantung pada suhu. Struktur jaringan berliang bagi formulasi gel
disahkan dengan analisis TEM. Ujian keracunan pada sel fibroblas mendapati bahawa
gel adalah bersesuaian dengan kulit.

Gel takungan ubat GH kemudiannya difabrikasikan dalam sistem penampalan. Sistem
ini mempunyai lapisan belakang, lapisan gel takungan ubat dalam pad dan lapisan lapik
pelepasan. Saiz bagi sistem penampalan ialah 6 cm x 7 cm manakala saiz bagi lapisan
gel takungan ubat ialah 2 cm x 3 cm. Ketebalan bagi sistem ini ialah 0.2 cm dan
mengandungi GH sebanyak 13.97 mg/cm?. Sistem penampalan ini mempunyai pH
neutral, pemuatan ubat yang berjaya dan kandungan lembapan yang tinggi.
Pemeriksaan histologi menunjukkan mengaplikasikan sistem penampalan tidak
merengsakan kulit tikus. Pelepasan GH dari gel dan sistem penampalan memberi
pengawalan dan pengekalan yang lebih baik berbanding dengan kontrol, berserta
dengan penghantaran secara super kes-11. Sistem mengandugi GH menunjukkan
kemampuannya dalam merencat aktiviti AChE.

Kajian kestabilan bagi sistem gel dan penampalan mengandungi GH membuktikan
kestabilan yang tinggi selepas pengemparan. Sistem ini tidak stabil pada 4 <T dan
45 <C, tetapi stabil pada 25 <C. Sistem ini menunjukkan kestabilan fizikal, tiada
pembentukan hablur dan tiada pemisahan fasa selepas simpanan selama 6 bulan pada
25 <C. Sistem ini juga tidak menunjukkan perubahan ketara terhadap pH, kandungan
ubat dan kandungan lembapan. Kajian pH menunjukkan formulasi gel dan penampalan
mempunyai pH antara 6.84 — 7.12 yang tidak akan menyebabkan kerengsaan kulit.
Analisis kandungan ubat dan lembapan membuktikan pemuatan ubat yang berjaya dan
kandungan lembapan yang tinggi dalam gel dan sistem penampalan, berserta dengan
kehilangan kurang daripada 10%. Kesimpulannya, sistem mengandungi GH adalah
stabil dan berpotensi untuk rawatan AD.
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CHAPTER 1

INTRODUCTION

1.1 Background of Research

Pharmaceuticals are defined as the drug actives-consisting products or medicines,
which are used for the treatment and prevention of the diseases. The pharmacotherapy
is thus described as the drug therapy, with the involvement of pharmacology and
pharmacy sciences. One branch of pharmaceuticals is plant-based or plant-derived
pharmaceuticals. They are used traditionally as herbs for Chinese and Indian society,
while they still remain as the important source for drugs discovery and development in
modern world (Xu et al., 2015). The patients and scientists put their focuses on the
plant-based drugs because of the high accessibility and affordability of these drugs
(Saklani and Kutty, 2008). These drugs can be obtained from many parts of a plant, for
examples, leaves, flowers, seeds and fruits (Edwards et al., 2015).

Nevertheless, pharmaceutical industry is encountered with the problems such as high
cost, low effectiveness and time consuming in drug discovery and drug development
(Hughes et al., 2001; Raoof and Aerssens, 2015). These processes involved pre-
discovery, drug discovery from 5000 — 10000 compounds, preclinical studies, clinical
trials on volunteers and approval from related organizations. This could take an average
of 10 — 15 years and $ 800 million — $ 1 billion from the emerging idea to the global
market (PhRMA, 2007). Furthermore, the processes will be even more complicated for
the new drugs of central nervous system (CNS) diseases (Alavijeh and Palmer, 2010).
Therefore, an alternative way is to find new and better technologies for the
improvement of the performance of existing drugs.

Galantamine hydrobromide (GH) is one of the plant-based neuroactive drug that were
approved by Food and Drug Administration (FDA) for Alzheimer’s disease (AD). It is
neuroactive, which is able to modify the chemical signals in brain, penetrate through
the blood brain barrier (BBB) and then enter the brain interstitial fluid (ISF) (Pohanka,
2014; Samochocki et al., 2000). This enabled GH to interact with its targets and
achieved therapeutic effects (Alavijeh and Palmer, 2010). The main function of GH is
to inhibit the activities of degradative acetylcholinesterase enzyme (AChE) and
maintain the number of neurotransmitter acetylcholine (ACh) in brain ISF. The
beneficial effects of GH in cognitive function and behavioural symptoms were proven
(Coyle and Kershaw, 2001; Suh et al., 2004).

Conventional delivery of GH such as injection solutions, oral solutions, tablets and
capsules are non patient friendly and will cause undesired effects such as nausea,
vomiting, gastrointestinal disturbance and drug toxicity (Kavirajan and Schneider,
2007; Tariot et al., 2000). These adverse events are expected to be reduced if
transdermal patch drug delivery system is applied. Transdermal patch drug delivery
system can be defined as a multi-layered system which is used to deliver drugs to the
targeted sites by penetrating through the skin. This patch system is proved to have
fewer side effects compared to conventional drug delivery system, besides being more



patient compliance, with less frequent dosing and longer duration of treatment process
(Lefévre et al., 2007; Patil et al., 2015).

1.2 Problems Statement

AD can cause many difficulties in the daily life of an individual. However, the situation
is worsened with the application of current drug delivery systems for GH. This is
because the conventional drug delivery methods are often associated with the problems
such as low effectiveness, non patient compliance, burst drug release and frequent
dosing, which then cause the inconvenience and adverse symptoms to the patients.
Moreover, the previous transdermal patch for GH showed behaviours such as
instability at room temperature, drugs precipitation after storage, low drug loading,
high drug flux, high usage of organic solvents and low skin biocompatibility.

Transdermal patch application on skin is also encountered with side effects from its
polymeric compositions. For instances, stiff polymers and high polymer concentrations
can cause adverse events such as restrict the drug release, decrease the skin absorption
and trigger irritation symptoms. Suitable polymer should able to give prolonged
therapeutic effect, high drug retention capacity, high degree of softness and high
compatibility to skin. Therefore, there is a need to design and develop a novel patch
with carbopol polymeric system, in which enables the effective loading and releasing
of GH for the treatment of AD.

1.3 Objectives

The main objective of this research is to fabricate a transdermal patch system loaded
with GH for AD treatment. Hence, the following objectives were targeted to aid the
achievement of main objective:

1. Todesign and formulate GH-loaded gel drug reservoir and transdermal patch.

2. To optimize the in vitro drug release properties from GH-loaded gel drug reservoir
using appropriate mathematical models.

3. To characterize the physicochemical properties of formulated gel drug reservoir
and patch.

4. To evaluate the in vitro release ability, efficacy, toxicity and stability of gel drug
reservoir and patch.
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