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Oxidative stress and inflammation are known to be associated with the pathogenesis of
most chronic diseases such as atherosclerosis, cancer and diabetes. Medications like non-
steroidal anti-inflammatory drugs are commonly used to treat the diseases but are
accompanied by adverse effects. Erythroxylum cuneatum (EC), also known locally as
“Chinta mula”, belongs to the Erythroxylaceae family. Scientific evidence for the
medicinal properties of the plant is still limited. Therefore, this study aims to determine
the antioxidant and anti-inflammatory properties of EC leaf extract for the prevention of
atherosclerosis in vitro. The study was divided into two phases. The first phase is
screening of EC leaf extract using four solvents, namely acetone, water, hexane and
ethanol. The four different types of EC leaf extracts were analysed for preliminary
phytochemical screening individually. The antioxidant activity was tested by total
phenolic content (TPC), 2,2-diphenyl-1-picrylhydrazyl (DPPH) and hydrogen peroxide
(H20,)-scavenging activity. Based on Phase | results, acetone and ethanol extracts were
chosen to test the antioxidant and anti-inflammatory properties in vitro with oxidised
low-density lipoprotein (oxLDL)-induced human aortic endothelial cells (HA0oEC). Cell
viability assay of EC leaf extract was conducted to determine the number of viable cells
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay.
Antioxidant activity was determined by thiobarbituric acid reactive substances (TBARS)
assay, reactive oxygen species (ROS) assay and nitric oxide (NO) production assay. The
anti-inflammatory effects of EC leaf extract in HAoEC were determined by U937 cell
monocyte adhesion and migration assay. The expression of adhesion molecules, namely
human soluble intracellular adhesion molecule-1 (ICAM-1) and human soluble vascular
cell adhesion molecule-1 (VCAM-1) were quantified using ELISA kit. Phase 1 results
showed the presence of alkaloids, flavonoids and tannins in the acetone and ethanol
extract. Phenols were found only in acetone extract while saponins were detected only in
water extract. Additionally, acetone extracts exhibited the highest TPC and DPPH-



scavenging activity, while ethanol extract showed the highest H,O»-scavenging activity.
Both extracts in Phase 2 inhibited lipid peroxidation and ROS production. They were
also able to increase NO production indicating their antioxidant activity. Acetone extract
was able to inhibit lipid peroxidation, ROS production and increase NO production better
than ethanol extract at 80 pg/ml. Both extracts showed anti-inflammatory activities by
reducing monocyte adhesion and migration and expression of ICAM-1 and VCAM-1.
Acetone extract was able to inhibit monocyte adhesion and expression of ICAM-1 better
than ethanol extract. While, ethanol extract showed significantly better inhibition of
monocyte migration and expression of VCAM-1 than acetone extract. This study showed
that EC acetone and ethanol extracts have high antioxidant activity among the four
extracts. Both extracts showed antioxidant and anti-inflammatory activity in HAoEC-
induced with oxLDL. Generally, acetone extract at 80 pug/ml showed better antioxidant
and anti-inflammatory activities than ethanol extract.
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Inflamasi dan tekanan oksidatif sering dikaitkan dengan patogenesis penyakit kronik
seperti aterosklerosis, kanser, dan diabetes. Ubat-ubatan seperti ubat anti-radang bukan
steroid biasanya digunakan untuk merawat penyakit tetapi kerap menyebabkan kesan
buruk. Erythroxylum cuneatum (EC) juga dikenali sebagai "Chinta Mula" tergolong dalam
keluarga Erythroxylaceae. Bukti saintifik bagi ciri-ciri perubatan tumbuhan ini adalah
terhad. Oleh itu, penyelidikan ini bertujuan untuk mengkaji sifat antioksidan dan anti-
radang ekstrak daun EC bagi mencegah aterosklerosis secara in vitro. Kajian ini
dibahagikan kepada dua fasa. Fasa 1 adalah ujian saringan ekstrak daun EC dengan
menggunakan empat pelarut iaitu aseton, air, heksana dan etanol. Empat jenis ekstrak daun
EC dianalisis untuk pemeriksaan fitokimia secara individu. Aktiviti antioksidan telah diuji
dengan menggunakan jumlah kandungan fenolik, serta aktiviti memerangkap 2,2-
diphenyl-1-picrylhydrazyl (DPPH) dan hidrogen peroksida (H,O,). Berdasarkan keputusan
daripada Fasa 1, ekstrak aseton dan etanol telah dipilih untuk diuji kesan antioksidan dan
anti-radang in vitro dengan menggunakan lipoprotein ketumpatan rendah (oxLDL)
teroksida dalam sel endothelium aorta manusia (HAoEC). Ujian ketoksikan ekstrak daun
EC telah dijalankan untuk mengesan sel yang hidup menggunakan ujian 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT). Aktiviti antioksidan telah
ditentukan melalui ujian bahan reaktif asid thiobarbiturik (TBARS), spesies oksigen reaktif
(ROS) dan penghasilan nitrik oksida (NO). Kesan anti-radang ekstrak daun EC di HAoEC
pula telah ditentukan dengan menggunakan ujian lekatan dan migrasi sel monosit U937.
Pengekspresan molekul lekatan seperti molekul melekat intrasel-1 (ICAM-1) manusia dan
molekul melekat sel vaskular-1 (VCAM-1) manusia telah diukur menggunakan kit ELISA.
Keputusan Fasa 1 menunjukkan kewujudan alkaloid, flavonoid dan tanin dalam ekstrak
aseton dan etanol. Fenol ditemui dalam ekstrak aseton sahaja dan saponin hanya dikesan
dalam ekstrak air sahaja. Tambahan pula, ekstrak aseton mempamerkan TPC dan aktiviti
memerangkap DPPH yang tertinggi, manakala ekstrak etanol menunjukkan aktiviti H>O,
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yang tertinggi. Kedua-dua ekstrak dalam Fasa 2 telah menghalang peroksida lipid dan
penghasilan ROS. Kedua-kedua ekstrak boleh meningkatkan penghasilan NO yang
menunjukkan aktiviti oksidan ekstrak tersebut. Ekstrak aseton berupaya untuk menghalang
peroksida lipid, penghasilan ROS dan meningkatkan penghasilan NO lebih baik
berbanding ekstrak etanol pada 80 pg/ml. Kedua-dua ekstrak menunjukkan aktivi anti-
radang dengan mengurangkan lekatan dan migrasi monosit, serta pengekspresan ICAM-1
dan VCAM-1. Ekstrak aseton berupaya untuk merencat lekatan monosit dan ekspresi
ICAM-1 lebih baik berbanding ekstrak etanol. Manakala ekstrak etanol pula menunjukkan
perencatan migrasi monosit dan ekspresi VCAM-1 lebih baik secara signifikan berbanding
ekstrak aseton. Kajian ini menunjukkan bahawa ekstrak aseton dan etanol daun EC
mempunyai aktiviti antioksidan yang tinggi di antara empat ekstrak. Kedua-dua ekstrak
mempamerkan aktiviti antioksidan dan anti-radang dalam HAOEC dirangsang oleh
oxLDL. Secara umum, ekstrak aseton menunjukkan aktiviti antioksidan dan anti-radang
yang lebih baik daripada ekstrak etanol pada 80 pg/ml.
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CHAPTER1

INTRODUCTION

1.1 Background

Cardiovascular diseases (CVD) remain as a major cause of global deaths. As the World
Health Organization (WHO) has indicated, nearly 32% of global deaths in 2019 were
caused by CVD, which is 17.9 million deaths annually (WHO, 2020). About 85% of the
deaths were caused by heart attacks and strokes triggered by blockage of blood vessels
(WHO, 2020). Malaysia, as one of the developing countries experienced CVD epidemic
and likewise a primary cause of death at 35% (WHO, 2018).

The most prevalent CVDs are associated with cardiac and vascular system, heart attack,
stroke and peripheral arterial disease. It is a chronic vascular inflammatory disease
associated with oxidative stress, endothelial dysfunction, oxidative damage,
inflammation and platelet-endothelium interactions (Marchio et. al., 2019).
Atherosclerosis is one of the leading causes of CVD, which occurs when there is
hardening accompanied by narrowing of arteries that ultimately reduces blood flow
throughout the body (Cervantes Gracia, Llanas-Cornejo & Husi, 2017). Despite the
development of atherosclerosis therapy, the mortality rate remains high (Saleh, Iratni, &
Eid, 2015).

Treatment using synthetic drugs are available for oxidative damage and inflammation,
but they are hampered with complicacy. Synthetic antioxidants such as butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and tertiary butyl
hydroquinone (TBHQ) can be toxic and are possibly carcinogenic (Anbudhasan,
Surendraraj, Karkuzhali, & Sathishkumaran, 2014). Non-steroidal anti-inflammatory
drugs such as aspirin, diclofenac and celecoxib are widely used for pain and
inflammation, yet they are known for their complications (Pirmohamed et. al., 2004).

Plants have been an important source of traditional medicine used by about 60% of the
world’s population for centuries, known to be safer than synthetic drugs (Zhang & WHO,
2000). In Malaysia, Erythroxylum cuneatum (EC) aqueous leaf extract has been reported
to have anti-inflammatory and antioxidant activities (Saleh, Hasan, Said, Adenan &
Adam, 2012). However, its effectiveness and related mechanisms in relation to
atherosclerosis are still unexplored. Therefore, this research was conducted to identify
the antioxidant and anti-inflammatory activities of EC leaf extracts in vitro.



1.2 Hypothesis

EC leaf extract contains phytochemicals which possess antioxidant activities such as high
total phenolic content (TPC), 2,2-diphenyl-1-picrylhydrazyl (DPPH)-scavenging activity
and hydrogen peroxide (H20;)-scavenging activity. The extracts do not cause toxicity to
human aortic endothelial cell (HAoEC). With high antioxidant activity, EC leaf extract
reduces the production of malondialdehyde (MDA), reactive oxygen species (ROS)
while increasing nitric oxide (NO) in oxidised low-density lipoprotein (oxLDL)-induced
HAOEC. Moreover, the extract is able to suppress the inflammatory response by reducing
monocyte adhesion, monocyte migration and adhesion molecule expression in oxLDL-
induced HAoEC.

1.3 Objectives

1.3.1  General objective

To determine the antioxidant and anti-inflammatory effects of EC leaf extracts on
preventing atherosclerosis in vitro.

1.3.2  Specific objectives

1. To identify the presence of various phytochemicals in the ethanol, acetone,
water and hexane extracts of EC leaf.

2. To determine the antioxidant activity of EC leaf extracts based on TPC, DPPH-
scavenging activity and H,O»-scavenging activities.

3. To determine the cytotoxicity level of EC leaf extract in HAoEC.

4. To determine the antioxidant effects of EC leaf extract in oxLDL-induced
HAOEC.

5. To investigate the anti-inflammatory effects of EC leaf extract against oxLDL-
induced inflammation in HAoEC.
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