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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Master of Science 

POTENTIAL INHIBITION OF PRO-INFLAMMATORY MEDIATORS 
BY Ficus deltoidea Jack LEAVES AQUEOUS EXTRACT IN 
LIPOPOLYSACCHARIDE-INDUCED MICROGLIAL CELLS 

By 

SITI ZAIDATHUL IMAN BINTI ZOLKIFFLY 

November 2021 

Chair: Muhammad Zulfadli bin Mehat, PhD 
Faculty: Medicine and Health Sciences 

To date, Alzheimer’s disease (AD) is responsible for the majority of dementia 
cases among the elderly population around the globe. Neuroinflammation and 
oxidative stress are among the fundamental factors that lead to the progression 
of the disease. Recently, there has been a resurgence of interest in implementing 
natural products to slow the progression of AD due to their enhanced therapeutic 
benefits when compared to available synthetic drugs. Ficus deltoidea (FD), also 
known as “Mas cotek”, is widely consumed in traditional medicine as a treatment 
to various ailments in Malaysia. Among the many types of bioactive compounds, 
vitexin and isovitexin are abundantly found in the leaves of FD that possessed 
many pharmacological properties including neuroprotection. Nonetheless, its 
effects on key events in neuroinflammation are unknown. In this study, FD 
aqueous extract was investigated for its potential anti-neuroinflammatory and 
antioxidant properties on lipopolysaccharide-induced microglial cells by 
assessing the level of pro-inflammatory and cytotoxic factors. FD aqueous 
extract was prepared and freeze dried prior to use in in vitro study. Quantification 
of vitexin and isovitexin in the extract was carried out using high performance 
liquid chromatography (HPLC). In silico test was performed to predict the 
effectiveness of the ligand molecules of both vitexin and isovitexin to penetrate 
through the blood-brain barrier (BBB). The extract was evaluated for its 
cytotoxicity activity via 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay. Pre-treatment with the extract on lipopolysaccharide 
(LPS)-induced microglial cells was done to determine its anti-neuroinflammatory 
and antioxidant properties by measuring the level of reactive oxygen species 
(ROS), nitric oxide (NO), tumour necrosis factor-α (TNF-α), interleukin-1β (IL-1β) 
and interleukin-6 (IL-6) via 2′-7′-dichlorofluorescin diacetate (DCFDA) assay, 
Griess assay and Western blot respectively. The result showed that the extract 
at tested concentrations (0.1, 1, 10, 100 μg/mL) were not cytotoxic as the 
percentage cell viability were above ~80%. At the highest concentration (100 
μg/mL), the extract significantly reduced the production of ROS, NO, TNF-α, IL-
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1β and IL-6 in microglial cells induced by LPS. From this study, the extract 
demonstrated neuroprotective effects by attenuating the production of pro-
inflammatory and cytotoxic factors in LPS-induced microglial cells, possibly by 
mediating the nuclear factor-kappa B (NF-κB) signalling pathway. 
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Oleh 

SITI ZAIDATHUL IMAN BINTI ZOLKIFFLY 

November 2021 

Pengerusi: Muhammad Zulfadli bin Mehat, PhD 
Fakulti: Perubatan dan Sains Kesihatan 

Kini, penyakit Alzheimer merupakan penyebab utama bagi kebanyakan kes 
demensia dalam kalangan warga tua di seluruh dunia. Radang saraf dan 
tekanan oksidatif adalah antara faktor utama yang membawa kepada 
perkembangan penyakit ini. Sejak kebelakangan ini, terdapat fokus baharu 
dalam merencatkan perkembangan penyakit ini iaitu penerapan produk semula 
jadi yang kaya dengan pelbagai manfaat berbanding dengan ubat sintetik di 
pasaran. Ficus deltoidea (FD), atau dikenali sebagai "Mas cotek", banyak 
digunakan dalam perubatan tradisional sebagai rawatan untuk pelbagai penyakit 
di Malaysia. Vitexin dan isovitexin adalah antara sebatian bioaktif yang terdapat 
di dalam daun FD dan mempunyai sifat farmakologi seperti perlindungan saraf. 
Namun begitu, kesan FD kepada fasa penting dalam proses radang saraf masih 
tidak diketahui. Dalam kajian ini, potensi ekstrak air FD sebagai antiradang saraf 
dan antioksidan kepada sel mikroglia teraruh lipopolisakarida dinilai berdasarkan 
kadar produksi faktor-faktor proradang dan sitotoksik. Ekstrak air FD disediakan 
dan dikeringbekukan sebelum digunakan dalam kajian in vitro. Proses kuantitatif 
vitexin dan isovitexin dalam ekstrak tersebut dinilai menggunakan kromatografi 
cecair prestasi tinggi. Ujian in silico dijalankan bagi menguji keupayaan molekul 
ligan vitexin dan isovitexin untuk menembusi sawar darah otak. Seterusnya, 
penilaian kesitotoksikan ekstrak dilakukan melalui ujian 3- (4,5-dimethylthiazol-
2-yl) -2,5-diphenyltetrazolium bromide (MTT). Bagi mengenal pasti tahap
spesies oksigen reaktif (ROS), nitrik oksida (NO), faktor nekrosis tumor-α (TNF-
α), interleukin-1β (IL-1β) dan interleukin-6 (IL-6), pra-rawatan dengan ekstrak ke
atas sel mikroglia teraruh lipopolisakarida telah dijalankan melalui ujian 2′-7′-
dichlorofluorescin diacetate (DCFDA), ujian Griess dan blot barat. Hasil kajian
menunjukkan bahawa ekstrak pada kepekatan yang diuji (0.1, 1, 10, 100 μg/mL)
tidak sitotoksik kerana peratusan daya hidup sel berada dalam lingkungan ~
80%. Pada kepekatan tertinggi (100 μg/ mL), ekstrak tersebut berjaya
menurunkan jumlah ROS, NO, TNF-α, IL-1β dan IL-6 dalam sel mikroglia teraruh
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lipopolisakarida. Justeru, ekstrak air FD menunjukkan kesan positif dalam 
perlindungan saraf melalui pengurangan faktor-faktor proradang dan sitotoksik 
dalam sel mikroglia teraruh lipopolisakarida. Proses ini diyakini berlaku melalui 
laluan isyarat faktor nuklear-kappa B.  
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CHAPTER 1 

 
INTRODUCTION 

 
1.1 Background of study 

 
 

Among several types of neurodegenerative brain disorders, Alzheimer’s disease 
(AD) is known to be the most common one. AD is an irreversible pathological 
condition that is responsible for the majority of dementia cases among the elderly 
population around the globe (Kumar et al., 2015; Godyn et al., 2016). In addition 
to neurodegeneration, AD is characterized by impairment in cognition, abnormal 
behaviour and personality changes that ultimately lead to full dementia. Previous 
studies have shown that AD is histopathologically characterized by the presence 
of extracellular senile plaques around reactive microglia, abundant intracellular 
neurofibrillary tangles and progressive loss of neurons in the brain (Li et al., 2012; 
Moon et al., 2012). The extracellular senile plaques and intracellular 
neurofibrillary tangles are composed of the accumulation of amyloid beta protein 
(Aβ) and hyperphosphorylated tau protein respectively (Cheignon et al., 2018). 
Currently, the worldwide number of AD cases is more than 46 million and it is 
expected to increase to 131.5 million by the year 2050, with the majority are from 
low- and middle-income countries (Alzheimer’s Disease International, 2015). In 
Malaysia, the prevalence of dementia is estimated to be at 0.126% and 0.454% 
in 2020 and 2050 respectively (Tey et al., 2016).  
 
 
The complexity of the pathogenesis of AD is multifactorial. This includes genetic 
factors, traumatic brain injury, inflammation, hyperglycemia, hormonal 
disturbance and depression (Godyn et al., 2016). Several fundamental cellular 
and molecular events that cause neurodegeneration are neuroinflammation, 
oxidative stress, induction of apoptosis, modification of autophagy, deposition of 
protein aggregates and impaired mitochondrial function (Hoglund and Salter, 
2013). To date, there are two classes of approved drugs used to treat AD namely 
acetyl cholinesterase inhibitors (AChEIs) and N-Methyl-D-aspartic acid (NMDA) 
receptor antagonist, in which 80% of AD patients receive therapy with these 
drugs (Johnell et al., 2013). However, published reports have shown that the 
drugs caused adverse effects such as gastrointestinal problems (nausea, 
vomiting and diarrhoea) and cardiovascular effects (syncope, bradycardia and 
torsades de pointes ventricular tachycardia) (Howes, 2014). Not only that, none 
of the available therapies manage to halt the progressive loss of neurons that 
later deteriorate the cognitive faculties. 

 

1.2   Significance of study 
 
 

Therefore, this necessitates the crucial need to explore a more effective therapy 
with less side effects to provide neuroprotection for AD patients. One of such 
strategy is the implementation of natural products in drug discovery which have 
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been the basis for many early medicines such as aspirin, morphine, digitoxin and 
pilocarpine (Butler, 2004). Hence, this study will investigate in-depth of a specific 
natural plant product as a new therapeutic approach capable of reducing the 
production of pro-inflammatory cytokines and oxidative stress mediators involved 
in neuroinflammation. One significant plant widely known for its potential 
pharmaceutical importance is Ficus deltoidea or traditionally known as Mas 
Cotek. According to Kementerian Pertanian dan Industri Asas Tani (2011), Ficus 
deltoidea is among 11 medicinal herbs that have been identified with great 
potential to be developed into high-value products. All the medicinal herbs are 
actively cultivated for commercial purposes. Ficus deltoidea is a native epiphytic 
shrub abundantly distributed throughout Southeast Asia countries such as 
Malaysia, Indonesia and Thailand (Dzolin et al., 2012). Previous results showed 
that the extract of Ficus deltoidea possessed pharmacological properties such 
as neuroprotective (Nurdiana et al., 2018), antioxidant (Omar et al., 2011), anti-
diabetic (Choo et al., 2012), anti-inflammatory (Zakaria et al., 2012) and anti-
nociceptive (Sulaiman et al., 2008).  
 
 
For decades, researchers have extracted and identified vitexin and isovitexin as 
bioactive components that have various biological activities and pharmacological 
potentials. The leaves of Ficus deltoidea is rich in bioactive compounds and one 
of them is flavonoids in which vitexin showed a great number of pharmacological 
activities including antioxidant and neuroprotective activities as well as anti-
Alzheimer’s (Choi et al., 2014; Wang et al., 2015; Mun et al., 2019). According 
to He et al., (2016) these compounds exerted significant outcomes in treating AD 
among many other diseases. Thus, this study serves to explore the anti-
neuroinflammatory and antioxidant properties of Ficus deltoidea. Subsequently, 
data from this study can be used to complement in vivo studies in representing 
a therapeutic approach for the screening of potential drugs in the treatment of 
AD in future.  

 

1.3  Research hypotheses 
 
 

1. Ficus deltoidea aqueous extract improves the viability of BV-2 cells. 
2. Ficus deltoidea aqueous extract lowers the production of the 

inflammatory mediator, nitric oxide (NO), in LPS-induced BV-2 cells. 
3. Ficus deltoidea aqueous extract lowers the production of reactive 

oxygen species (ROS) in LPS-induced BV-2 cells. 
4. Ficus deltoidea aqueous extract reduces the protein expression of pro-

inflammatory cytokines (TNF-α, IL-1β and IL-6) in LPS-induced BV-2 
cells. 
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1.4 Research objectives 
 
 

1.4.1 General objective 
 
 

The general objective of this study is to investigate the anti-neuroinflammatory 
and antioxidant properties of Ficus deltoidea aqueous extract in in vitro models 
that can potentially uncover future drug candidates for AD. 
 

1.4.2  Specific objectives 
 

 
1. To develop and validate a HPLC method for the standardization of Ficus 

deltoidea aqueous extract. 
2. To predict the pharmaceutical properties of vitexin and isovitexin. 
3. To determine the cytotoxicity of Ficus deltoidea aqueous extract on BV-

2 cells. 
4. To investigate the effect of Ficus deltoidea aqueous extract on the 

production of the inflammatory mediator, nitric oxide (NO), in LPS-
induced BV-2 cells.  

5. To assess the effect of Ficus deltoidea aqueous extract on the 
production of reactive oxygen species (ROS) in LPS-induced BV-2 cells.  

6. To determine the effect of Ficus deltoidea aqueous extract on the protein 
expression of pro-inflammatory cytokines (TNF-α, IL-1β and IL-6) in 
LPS-induced BV-2 cells. 
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