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Increasing life expectancy has produced a dramatic rise in age-associated diseases
including Alzheimer's disease (AD). Oxidative stress is one of the most vital risk factor
which can potentially lead to the AD pathogenesis such as amyloid-p (AB) deposits.
The existing treatment of AD only relies on the two types of drug, namely the
acetylcholinesterase inhibitors and N-methyl-D-aspartate receptor antagonist. Due to
the limitations of these existing drugs, new treatments and therapeutic strategies on AD
management are emerging. Despite of the neuropharmacological attributes of Nigella
sativa (black cumin seeds) and its active constituent, thymoquinone (TQ), limited
records are available in relation to AD researches. Thus, the present study was
conducted to investigate the neuroprotective effects of thymoquinone-rich fraction
(TQRF) and TQ in sporadic AD models, and their underlying mechanistic actions. In
vitro efficacy of TQRF and TQ was investigated against hydrogen peroxide (HO3)-
induced oxidative stress in human neuroblastoma SH-SYSY cells through cell viability
assay, reactive oxygen species (ROS) assay, morphological observation, and gene
expression analysis. As a result, TQRF and TQ protected the cells against H,O»
toxicity by preserving the mitochondrial metabolic enzymes, reducing intracellular
ROS levels, preserving morphology of cells and modulating the expression of
antioxidants (SODI1, SOD2 and catalase), and apoptotic signaling (p53, AKTI,
ERK1/2, p38 MAPK, JNK and NF-k) genes (p <0.05). In vivo efficacy of TQRF and
TQ was evaluated using a high fat-cholesterol diet (HFCD) model of sporadic AD. The
oral bioavailability of poor water soluble TQRF and TQ were improved through
nanotechnology approach in the form of nanoemulsion (NE), namely as TQRFNE and
TQNE, respectively. The TQRF and TQ conventional emulsions (CE), named as
TQRFCE and TQCE, respectively were studied for comparison. Statin (Simvastatin)
and non-statin (Probucol) cholesterol-lowering agents, and AD drug (Donepezil) were
served as control drugs. The Sprague Dawley rats were fed with HFCD for 6 months,
and treated with the intervention groups daily for the last 3 months. The Morris Water
Maze learning and memory test, and biochemical analyses (lipid profile, lipid



peroxidation, antioxidant and soluble amyloid-B (AP) levels were measured. The
neuroprotective mechanistic actions of the intervention groups were determined
through gene and protein expression levels. = The HFCD-fed rats exhibited
hypercholesterolaemia, accompanied by memory deficit, increment of lipid
peroxidation and soluble AP levels, decrement of total antioxidant status and down-
regulation of antioxidants genes expression levels (p <0.05). Nevertheless, TQRFNE
diminished those detrimental effects of HFCD through the modulation of AP generation
(APP, BACEL1, PSENI and PSEN2), AP degradation (IDE), AP transportation (LRP1
and RAGE), neuroinflammation genes (CRP, NOSI, TNF-a and PPARy) (p <0.05),
and lessen the hippocampus injury. In conclusion, TQRF has potential to be developed
as a nutraceutical product for the management of neurodegenerative diseases owing to
oxidative stress including AD.
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Peningkatan jangka hayat telah menghasilkan kenaikan dramatik dalam bilangan kes
penyakit yang berkaitan dengan usia, termasuk penyakit Alzheimer (AD). Tekanan
oksidatif adalah salah satu faktor risiko paling penting yang berpotensi menjurus
kepada patogenesis AD seperti pembentukan amiloid-f3 (AB). Rawatan AD yang sedia
ada hanya bergantung kepada dua jenis ubat, iaitu penghambat asetilkolinesterase dan
antagonis reseptor N-methyl-D-aspartate. Disebabkan terdapat kekangan terhadap ubat
sedia ada, rawatan dan terapeutik baru yang strategik bagi pengurusan AD sedang
bahan aktifnya, timokuinon (TQ) telah diketahui, rekod adalah terhad berhubung
dengan penyelidikan AD. Dengan itu, kajian ini dijalankan untuk mengkaji kesan
perlindungan neuro fraksi kaya-timokuinon (TQRF) dan TQ pada model sporadis AD,
dan yang mendasari tindakan mekanistiknya. Keberkesanan in vitro TQRF dan TQ
telah dikaji terhadap hidrogen peroksida (H,0:) yang mengaruh tekanan oksidatif pada
sel neuroblastoma manusia SH-SYS5Y melalui asai kemandirian sel, asai spesis oksigen
reaktif (ROS), pemerhatian morfologi, dan analisis ekspresi gen. Hasilnya, TQRF dan
TQ melindungi sel-sel tersebut daripada ketoksikan H>O, dengan memelihara enzim
metabolik mitokondria, mengurangkan tahap ROS intraselular, memelihara morfologi
sel dan memodulasi pengekspresan gen antioksidan (SOD1, SOD2 dan catalase), dan
isyarat apoptosis (p53, AKT1, ERK1/2, p38 MAPK, JNK dan NF-kB) (p <0.05).
Keberkesanan in vivo TQRF dan TQ telah dikaji menggunakan model sporadis AD
yang tinggi diet lemak-kolesterol (HFCD). Kebolehserapan secara oral oleh TQRF dan
TQ yang tidak larut air ditambahbaik melalui pendekatan nanoteknologi dalam bentuk
nanoemulsi (NE), masing-masing dinamakan sebagai TQRFNE dan TQNE. Ejen
penurunan kolesterol, statin (Simvastatin) dan bukan statin (Probucol), dan ubat AD
(Donepezil) digunakan sebagai kumpulan ubat kawalan. Tikus Sprague Dawley diberi
makan dengan HFCD selama 6 bulan, dan dirawat dengan kumpulan intervensi setiap
hari untuk 3 bulan terakhir. Ujian pembelajaran dan ingatan Morris Water Maze, dan
analisis biokimia (profil lipid, peroksidaan lipid, antioksidan dan kadar AP larut)
diukur. Tindakan mekanisma perlindungan neuro kumpulan intervensi ditentukan



melalui pengekspresan paras gen dan protein. Tikus yang diberi makan HFCD
menunjukkan paras kolesterol yang tinggi, disertai dengan kekurangan upaya
mengingat, peningkatan peroksidaan lipid dan kadar AP larut, penurunan status
antioksidan dan pengurangan tahap ekspresi gen antioksidan (p <0.05). Walau
bagaimanapun, TQRFNE mengurangkan kesan kerosakan oleh HFCD melalui
pengawalaturan penghasilan Ap (APP, BACE1, PSENI dan PSEN2), degradasi AP
(IDE), pengangkutan AP (LRP1 dan RAGE), gen keradangan neuro (CRP, NOSI,
TNF-0 dan PPARY) (p <0.05), dan mengurangkan kecederaan hipokampus. Sebagai
kesimpulan, TQRF mempunyai potensi untuk dibangunkan sebagai produk
nutraseutikal bagi pengurusan penyakit neurodegeneratif akibat tekanan oksidatif
termasuk AD.
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CHAPTER 1

INTRODUCTION

With an increase in lifespan due to better healthcare and changing population
demographics, the incidence of neurodegenerative diseases including dementia is
expected to increase significantly in the 21st century (Alzheimer’s Association, 2017).
It is a disease that develops when nerve cells (neurons) in the brain die or no longer
function normally. The death or malfunction of these neurons causes memory loss,
behavioral changes and inability to think clearly. An estimated 47 million people
worldwide are living with dementia in 2015 (Prince et al., 2015), and this number is
projected to triple by 2050 (Prince et al.,, 2013). In the absence of a disease-modifying
treatment or cure, reducing the risk of developing dementia takes on added importance.
Even when effective treatments become available, risk reduction will likely remain a
fundamental strategy in reducing the number of individuals affected. As for many non-
communicable diseases with available treatments (such as diabetes, cancer, and heart
disease), risk reduction efforts remain a major component of the campaigns against
these diseases (Baumgart et al., 2015).

Alzheimer’s disease (AD) is the most common type of dementia, which accounts for
60% to 80% of the cases (Burns and Iliffe, 2009). It is a chronic brain disorder
characterized by cognitive impairment, oxidative stress, inflammation, vascular
damage, and deposition of amyloid-beta (AB) and tau proteins (Ullrich et al., 2010). In
AD, these brain changes eventually impair an individual’s ability to carry out such
basic bodily functions as walking and swallowing (Alzheimer’s Association, 2012).
Caring for a patient with AD or other dementias poses special challenges as these
individuals require increased levels of supervision and personal care. In consequence,
the caregivers are experiencing high levels of stress and negative effects on their
health, employment, income and financial security (Monin and Schulz, 2009).

Studies indicate that people 65 and older survive an average of four to eight years after
a diagnosis of AD, yet some live as long as 20 years with Alzheimer’s (Ganguli et al.,
2005). This indicates the slow, insidious nature of the progression of Alzheimer’s. On
average, a person with Alzheimer’s will spend more in the most severe stage of the
disease than in any other stage (Arrighi ef al., 2010). To date, no treatment is available
to slow or stop AD progression. The existing five drugs approved by the U.S. Food
and Drug Administration had only temporarily improve symptoms, in which their
effectiveness varies across the population. None of the treatments available today
alters the underlying course of this terminal disease (Alzheimer’s Association 2012).

Notably, there is 5% of early onset or familial AD (FAD) caused by mutations in
amyloid-B precursor protein (APP) or presenilin 1 or 2 (PSEN1, PSEN2). Up to date,
the molecular mechanism of FAD pathology appears to be well understood and
numerous transgenic animal models are available. However, another 95% of AD
occurrence is categorized under late onset or sporadic AD (SAD) and still limited
studies available. Thus, expanding the view on SAD and searching for other possible



causes of the disease that are responsible for its onset are necessary. Recent studies
have shown that high cholesterol (i.e. hypercholesterolemia) levels are linked to the
pathology of SAD and the accumulation of AP, oxidative stress, declined spatial
memory, inflammation and induced blood brain barrier (BBB) leakage (Freeman et al.,
2014). In line with that, human studies found that statin can reduce the risk of
developing AD through several possible mechanisms such as reducing the cholesterol
level, thus reducing the production of AP, and act as antioxidant and anti-inflammation
(Prasanthi et al., 2008; Ehrlich and Humpel, 2012). Nevertheless, more studies are
needed to find alternatives for statin from natural products that could have lesser side
effects.

The potential of bioactives from natural products for the prevention and treatment of
AD are supported by various studies involving diverse mechanisms (i.e inhibition of
AP accumulation, antioxidant, anti-apoptotic and anti-inflammation). In the current
study, the thymoquinone rich fraction (TQRF) extracted from Nigella sativa seed is
selected as the main ingredient in the proposed nutraceutical product/ drug alternative
targeting on the management of AD. [In vitro study on anti-inflammatory effects of
thymol and  different quinones  (dithymoquinone, thymoquinone  and
thymohydroquinone) from N. sativa suggests that these compounds participate in the
general anti-inflammatory activity (Marisk et al., 2005; Mc Namara et al., 2005).

However, delivery of bioactives to the brain still remains highly challenging for the
treatment of AD. The development of new practical treatment modalities for the
treatment of AD is currently a highly active area of research. The lipid-based
nanoemulsion approach has attracted wide attention as a means to improve oral
bioavailability of poorly water-soluble bioactives and delivery to the target site. The
bioactives can be loaded into the inner phase of these delivery systems and bypassing
the enzymes in the gastrointestinal tract and reducing the presystemic clearance and
hepatic first-pass metabolism (Chhabra et al., 2011). Due to higher bioactive
solubilization capacity, better thermodynamic stability, long self-life, rapid onset of
action, and reduced intersubject variability, nanoemulsion becomes a promising
technology to achieve optimum targeted drug delivery (Mustafa ef al, 2009). Since
nanoemulsion is formulated with surfactants, which are approved for human
consumption (generally regarded as safe), they can be taken orally.

The general objective of this study was to investigate the neuroprotective effects of
thymoquinone-rich fraction (TQRF) and thymoquinone (TQ) nanoemulsions in
Sporadic Alzheimer’s disease models, and their underlying mechanistic actions.

The specific objectives were:
1. To determine the neuroprotective effects of TQRF and TQ against hydrogen

peroxide-induced oxidative stress in differentiated human neuroblastoma SH-
SYS5Y cell line.



To evaluate the neuroprotective effects of TQRF and TQ nanoemulsions on
memory deficit, antioxidants genes expression and soluble AP levels in high fat-
cholesterol diet-induced rat model of Sporadic Alzheimer’s disease.

To describe the neuroprotective mechanistic actions of TQRF and TQ
nanoemulsions on A generation, degradation, transportation and clearance in
high fat-cholesterol diet-induced rat model of Sporadic Alzheimer’s disease.

To assess the neuroprotective mechanistic actions of TQRF and TQ
nanoemulsions on neuroinflammation genes and histological changes in high fat-
cholesterol diet-induced rat model of Sporadic Alzheimer’s disease.

It was hypothesized that:

L.

The TQRF and TQ will exhibit the neuroprotective effects against hydrogen
peroxide-induced oxidative stress in differentiated human neuroblastoma SH-
SYSY cells.

The TQRF and TQ nanoemulsions will reduce the memory deficit and soluble Ap
levels, and increase the expression of antioxidants genes in high fat-cholesterol
diet-induced rat model of Sporadic Alzheimer’s disease.

The TQRF and TQ nanoemulsions will modulate the AP generation, degradation,
transportation and clearance in high fat-cholesterol diet-induced rat model of
Sporadic Alzheimer’s disease.

The TQRF and TQ nanoemulsions will regulate the neuroinflammation genes and
lessen the histological damage in high fat-cholesterol diet-induced rat model of
Sporadic Alzheimer’s disease.
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