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Neurodegenerative diseases (NDDs) are chronic and incurable conditions and have
drawn robust attention of researchers due to their social and economic burdens.
Lately, approximately 55 million people in the world were reported to suffer from
one or more NDDs, notably a larger percentage suffers from AD because their
longevity have increased. In Malaysia, the number of people with NDDs is projected
to increase from 123,000 people in 2015 to be 261,000 by 2030 and will continue to
increase to 590,000 people in 2050. Therefore, the strategies of using
phytotherapeutic agents as alternative sources for NDDs therapy has become
necessary. Several secondary metabolites have been isolated from Melicope lunu-
ankenda (Gaertn.) T.G. Hartley plant (known in Malaysia as “tenggek burung”)
leaves such as phenolic acid derivatives including 7-geranyloxycinnamic acid.
However, the neuroprotective activity of 7-geranyloxycinnamic acid not studied till
date. Thus, the aim of present study was to elucidate the in vitro neuroprotective
activity of 7-geranyloxycinnamic acid isolated from M. lunu-ankenda leaves. In this
regard, 7-geranyloxycinnamic acid was tested for neuroprotection on retinoic acid
(RA)-induced differentiation of human neuroblastoma (SH-SY5Y) cell lines, and
compared with curcumin, which was used as positive control in this study. SH-
SY5Y cells were treated with 10 uM RA for 7-days, and then observed under a
fluorescence microscope (phase contrast) to monitor differentiation and measure
neurite length of undifferentiated and differentiated SH-SY5Y cell line. The
differentiation of SH-SY5Y cell line was further ascertained by
immunocytochemistry assay, whereby III B-tubulin (tuj-1) expression was detected
by an Alexa fluorophore- 488 secondary antibody conjugate. Cell viability and
neuroprotection were first assayed using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) reagent to determine the highest cell viability
concentration of 7-geranyloxycinnamic acid, whereby the differentiated cells were
pre-treated with serially diluted concentrations of 7-geranyloxycinnamic acid for



24, 48 and 72 hours before being exposed for 4 hours to H2O2 (300 uM). Annexin
V-FITC assay by using flow cytometry and fluorescence microscopy by means of
acridine orange and propidium iodide (AO/PI) double staining were employed to
analyze the apoptotic inhibition ability of the compound on the differentiated cells.
Surface morphological assessment and ultrastructural analysis were then conducted
using scanning and transmission electron microscopy to evaluate the effect of the
compound on surface morphology and internal features of the cells. The results
showed that treatment of SH-SY5Y cells with RA for 7-days differentiated the cells
into neurons and showed extended neurites, which was confirmed by the expression
of class III B-tubulin (tuj-1) neuronal marker. Pre-treatment of neuronal cells with
7-geranyloxycinnamic acid (2.08 uM), particularly after 72 hours of treatment,
significantly protected the differentiated SH-SY5Y cells against H.O»-induced
apoptotic cell death, which was similar to the treatment of cells with 5.97 uM
Curcumin plus 4 h exposure to H>O> (300 uM). fluorescence microscopy after
AO/PI staining showed neuroprotective activity of 2.08 uM 7-geranyloxycinnamic
acid against nuclei damages due to H20O2 exposure that perhaps leads to cellular
death via apoptosis, this figure is similar to what was observed when the cells were
treated with curcumin prior to H2O2. The neuroprotective activity of 2.08 uM 7-
geranyloxycinnamic acid against H.O-induced apoptosis was ascertained by
annexin V-FITC, whereby the cells pre-treated with either 7-geranyloxycinnamic
acid or curcumin showed a low level of apoptosis and high cell viability. Surface
morphology and internal features of the cells were appeared protected by 7-
geranyloxycinnamic acid treatment, which were similar to those pre-treated with
curcumin before H20- insult. The present finding suggested the neuroprotective
potential of 7-geranyloxycinnamic acid on neuronal cells against H2O2-induced
neurotoxicity, which was the first study discovered neuroprotective effect of 7-
geranyloxycinnamic acid via mitochondrial pathway. Further analysis is
recommended to assess the modulatory effect of 7-geranyloxycinnamic acid on gene
and protein expression for genes and markers involved in Nrf2/ARE, 1kB-0/NF-kB,
MAPK and mitochondrial signaling pathways. Also, In vivo study in rats is
recommended to further explain the neuroprotective effect of the compound.
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Penyakit neurodegeneratif (NDDs) adalah penyakit kronik dan tidak dapat diubati,
dan dengan itu telah mendapat perhatian para penyelidik kerana beban sosial dan
ekonominya. Sejak kebelakangan ini, lebih kurang 55 juta manusia di dunia
dilaporkan menderita dari satu atau lebih NDDs, terutamanya peratusan yang lebih
besar menderita AD kerana jangka hayat mereka telah meningkat. Di Malaysia,
jumlah penderita NDDs diunjurkan meningkat daripada 123,000 orang pada tahun
2015 menjadi 261,000 pada tahun 2030 dan akan terus meningkat ke 590,000 orang
pada tahun 2050. Oleh itu, strategi menggunakan agen fitoterapeutik sebagai sumber
alternatif untuk terapi NDDs telah menjadi satu keperluan. Pelbagai metabolit
sekunder telah diasingkan daripada daun pokok Melicope lunu-ankenda ankenda
(Gaertn.) T.G. Hartley (yang dikenali sebagai pokok tenggek burung di Malaysia
seperti derivatif asid fenolik termasuk asid 7-geraniloksisinamik. Walau
bagaimanapun, aktiviti perlindungan neuronya masih tidak dikaji hingga hari ini.
Oleh itu, tujuan kajian ini adalah untuk menjelaskan aktiviti perlindungan neuro asid
7- geraniloksisinamik yang diperolehi daripada daun M. lunu-ankenda. Dalam hal
ini, asid 7-geraniloksisinamik diuji perlindungan neuronya ke atas asid retinoik (RA)
yang mengaruhi pembezaan sel neuroblastoma manusia (SH-SY5Y) dan
dibandingkan dengan kurkumin, yang digunakan sebagai kawalan positif dalam
kajian ini. Sel SH-SY5Y dirawat dengan 10 uM RA selama 7 hari, dan kemudian
diperhatikan di bawah mikroskop pendarfluor (kontras fasa) untuk memantau
pembezaan dan mengukur panjang neurit garis sel SH-SY5Y yang tidak dibezakan
dan dibezakan. Pembezaan garis sel SH-SY5Y dipastikan dengan lebih teliti melalui
pemeriksaan imunokimia, di mana ekspresi III B-tubulin (tuj-1) dikesan oleh
konjugat antibodi sekunder Alexa fluorophore- 488. Daya tahan sel dan sitotoksisiti
telah  diuji  menggunakan reagen 3-  (4,5-dimetilthiazol-2-yl)  -2,5-
diphenyltetrazolium bromida (MTT) untuk menentukan kepekatan asid 7-
geraniloksisinamik yang tertinggi di mana sel-sel yang dibezakan itu diawetkan



dengan kepekatan asid 7- geraniloksisinamik yang dicairkan secara bersiri selama
24, 48 dan 72 jam sebelum terdedah selama 4 jam kepada H202 (300 uM). Ujian
Annexin V-FITC dengan menggunakan aliran sitometri dan pendarfluor mikroskopi
melalui pewarna akridin oren dan propidium iodida (AO / PI) telah digunakan untuk
menganalisis keupayaan perencatan apoptotik pada sel yang dibezakan. Penilaian
morfologi secara permukaan dan analisis ultrastruktur telah dilakukan menggunakan
pengimbasan dan transmisi mikroskop elektron untuk menilai kesan sebatian ke atas
morfologi permukaan dan ciri-ciri dalaman sel. Hasil kajian menunjukkan bahawa
rawatan sel SH-SY5Y dengan RA selama 7 hari membezakan sel menjadi neuron
yang mempunyai neurit yang diperpanjang, yang disahkan oleh ekspresi penanda
neuron kelas III B-tubulin (tuj-1). Pra-rawatan sel-sel neuron dengan asid 7-
geraniloksisinamik (2.08 uM) terutamanya selepas rawatan selama 72 jam telah
melindungi sel-sel SH-SY5Y yang dibezakan terhadap kematian sel apoptotik yang
disebabkan oleh H202, yang serupa dengan rawatan sel dengan 5.97 uM Kurkumin
ditambah 4 jam pendedahan kepada H202 (300 pM). mikroskopi pendarluor setelah
pewarnaan AO/PI menunjukkan aktiviti neuroprotektif 2.08 uM 7-
geraniloksisinamik asid terhadap kerosakan nukleus akibat pendedahan H20- yang
mungkin menyebabkan kematian sel melalui apoptosis, angka ini mirip dengan apa
yang diperhatikan ketika sel-sel dirawat dengan kurkumin sebelum H.O>. Kegiatan
neuroprotektif 2.08 puM 7-geraniloksisinamik asid terhadap HO.-disebabkan
apoptosis dipastikan oleh annexin V-FITC, di mana sel-sel yang dirawat sebelumnya
dengan 7-geraniloksisinamik asid atau kurkumin menunjukkan tahap rendah
apoptosis dan daya maju sel yang tinggi. Morfologi permukaan dan ciri dalaman sel
nampak dilindungi oleh rawatan asid 7-geraniloksisinamik, yang serupa dengan
rawatan pra-kurkumin sebelum serangan H20.. Penemuan ini menunjukkan potensi
neuroprotektif asid 7-geraniloksisinamik  pada sel-sel neuron terhadap
neurotoksisitas yang disebabkan oleh H20,, yang merupakan kajian pertama
mendapati kesan neuroprotektif asid 7-geraniloksisinamik melalui jalur mitokondria.
Analisis lebih lanjut disyorkan untuk menilai kesan modulasi asid 7-
geraniloksisinamik pada ekspresi gen dan protein untuk gen dan penanda yang
terlibat dalam jalur isyarat Nrf2/ARE, IkB-o/NF-kB, MAPK dan mitokondria. Di
samping itu, kajian in vivo pada tikus disyorkan untuk menjelaskan lebih lanjut kesan
neuroprotektif sebatian.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Neurodegenerative diseases namely Alzheimer's disease (AD), Huntington's disease
(HD), Parkinson's disease (PD) and Amyotrophic lateral sclerosis (ALS) can be
recognized by the sluggish loss of capabilities of the neuronal cells (Singh et al.,
2019; Ratheesh et al., 2017) and their pathogenesis are related to oxidative stress, a
condition initiated by inordinate creation of responsive oxygen species (ROS) such
as hydrogen peroxide (H202) (Kim et al., 2015). H20: is created as a defense against
cellular metabolism aerobic respiration and pathogens (Niedzielska et al., 2016).
However, uncontrolled increased intracellular H20- level will harm proteins and
lipids, and incite apoptosis or necrosis (Sajjad et al., 2018; Lukiw et al., 2012). The
brain is profoundly affected by excessive oxidation because it contains lipid-rich
substance, high demand for oxygen and low antioxidant (Salim, 2017).
Mitochondrial dysfunction often includes aberrant H2O> which is related to the
pathogenesis of neurological disorders.

Examinations of the brain of patients suffering from neuronal disorders show
elevated oxidative stress (Liu et al., 2017; Chen et al., 2018). In most cases of
neurodegenerative diseases, biological molecules are subjected to oxidative injury
due to loss of the antioxidant system’s function or excessive production of H20:.
This then initiates a cascade of events that eventually cause cell death. As such, any
excess of H20 necessitates antioxidant activity to have proper protection (Angelova
& Abramov, 2018; Popa-Wagner et al., 2013).

Symptoms of neuronal disease have always been treated by using phytochemicals,
which are known to possess anti-inflammatory and anti-oxidant effects (Kumar &
Khanum, 2012; Perez-Hernandez et al., 2016). Melicope lunu-ankenda (Rutaceae)
or “tenggek burung” (as commonly known as in Malaysia) have been the source of
several secondary metabolites. This includes hydroxybenzoic acid and
hydroxycinnamic acid derivatives (Al-Zuaidy et al., 2016; Eliaser et al., 2018).
Polyphenols such as phenolic acids exert their neuroprotective activity via anti-
inflammatory and anti-apoptotic activities. In addition, they also act via the
prevention of generation of ROS and protein oxidation (Hong & Jeong, 2012;
Vauzour et al.,, 2010). There is a wide distribution of hydroxycinnamic acid
derivatives in plants (Teixeiraetal., 2013). Furthermore, they appear to contain great
amounts of antioxidants and anti-inflammatory activity, thus conferring the ability
to protect neuronal cells (Zhang et al., 2018). Being the two hallmarks of NDDs,
these aforementioned pharmacological functions are associated with the therapy for
neurological disorders via alleviation of oxidative stress and inflammation (Zhang et
al., 2018).



Past in vitro investigations proved that hydroxycinnamic acid derivatives have
antioxidant function against ROS and confers some protection to neurons from the
effects of oxidative stress due to H20. (Garrido et al., 2012; Jeong et al., 2011). The
compound (7-geranyloxycinnamic acid) is basically a cinnamic acid derivative of M.
lunu-ankenda leaves (Rutaceae) (Ramli et al., 2004). An assessment was made in
the SH-SY5Y neuroblastoma cell line on the 7-geranyloxycinnamic acid’s
neuroprotective function against toxicity caused by H>O». Furthermore, in order to
explore potential mechanism of action, there were also studies on the impact of this
hydroxycinnamic acid derivative on the surface ultrastructural (cells surface’s
composition and topography) and internal morphological characteristics
(cytoplasmic inclusion).

1.2 Problem Statement and Justification

The main challenge currently to the healthcare system worldwide is the rapid
increase in incidence of neurodegenerative disease (NDDs) which relates to increase
in life expectancy worldwide particularly in developed countries. There are over 9.9
million new cases of NDDs every year worldwide, or 1 new case every 3.2 seconds.
NDDs become a global concern due to their economic cost and causing human
suffering. The available treatment used currently for NDDs is only to manage the
symptoms and improve quality of life of affected persons and it is associated with
severe side effects. Therefore, the need for cost effective and safer ways of
medication become necessary, and so using phytotherapeutic products could be the
best approach to fill that gap. Phenolic acids isolated from M. lunu-ankenda plant
such as caffeic acid, sinapic acid, coumaric acid and ferulic acid showed
neuroprotective activities on various models of NDDs via anti-apoptotic pathway.
Despite being cinnamic acid derivatives, the anti-apoptotic effects of 7-
geranyloxycinnamic acid were not studied for its neuroprotective activities till date.
However, conducting research to discover neuroprotective agents such as 7-
geranyloxycinnamic acid can help in the development of safer therapies to provide
protection and treatment for NDDs.

1.3 Hypothesis
1.3.1 Null hypothesis (Ho)

7-geranyloxycinnamic acid isolated from M. lunu-ankenda does not show
neuroprotective activity in in vitro model of NDDs.

1.3.2 Alternate hypothesis (Ha)

7-geranyloxycinnamic acid isolated from M. lunu-ankenda exert neuroprotective
activity in vitro.



1.4 Research objectives
141 General objective

To evaluate the in vitro neuroprotective activity of 7-geranyloxycinnamic acid and
elucidate the anti-apoptotic mechanism through which it elicits the neuroprotection
on SH-SY5Y cell line.

1.4.2 Specific objectives

1.4.2.1 To confirm the generation of human neuroblastoma (SH-SY5Y) cells-
derived terminally differentiated neurons.

1.4.2.2 To evaluate the anti-apoptotic potential of 7-geranyloxycinnamic acid
against H>Oz-induced apoptosis on differentiated SH-SY5Y cell line.

1.4.2.3. To assess the surface morphology and internal inclusion preservation
ability of 7-geranyloxycinnamic acid against H.O-induced apoptotic
features on differentiated SH-SY5Y cell line.
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