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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-a (TNF-a), interleukin-13 (IL-18)
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 ug/mL) were not cytotoxic as the
percentage cell viability were above ~80%. At the highest concentration (100
pa/mL), the extract significantly reduced the production of ROS, NO, TNF-q, IL-



18 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-kB) signalling pathway.
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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-a (TNF-
a), interleukin-1B (IL-1B) 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 pg/mL)
tidak sitotoksik kerana peratusan daya hidup sel berada dalam lingkungan ~
80%. Pada kepekatan tertinggi (100 pg/ mL), ekstrak tersebut berjaya
menurunkan jumlah ROS, NO, TNF-q, IL-13 dan IL-6 dalam sel mikroglia teraruh



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
(AB) 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

1



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-a, IL-18 and IL-6) in LPS-induced BV-2
cells.



1.4

141

Research objectives

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

To develop and validate a HPLC method for the standardization of Ficus
deltoidea aqueous extract.

To predict the pharmaceutical properties of vitexin and isovitexin.

To determine the cytotoxicity of Ficus deltoidea aqueous extract on BV-
2 cells.

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.

To assess the effect of Ficus deltoidea aqueous extract on the
production of reactive oxygen species (ROS) in LPS-induced BV-2 cells.
To determine the effect of Ficus deltoidea aqueous extract on the protein
expression of pro-inflammatory cytokines (TNF-a, IL-1B and IL-6) in
LPS-induced BV-2 cells.



REFERENCES

Ab Azis, N., Agarwal, R., Mohd Ismail, N., Ismail, N. H., Ahmad Kamal, M. S.
Radjeni, Z. and Singh, H. J. (2019). Blood pressure lowering effect of
Ficus deltoidea var kunstleri in spontaneously hypertensive rats:
possible involvement
of renin—angiotensin—aldosterone system, endothelial function and
anti-oxidant system. Molecular Biology Reports.

Abdullah, Z., Hussain, K., Zhari, I., Rasadah, M. A., Mazura, P., Jamaludin, F.,
et al. (2009). Evaluation of extracts of leaf of three Ficus deltoidea
varieties for antioxidant activities and secondary metabolites.
Pharmaceutical Research, vol. 1, no. 4.

Abolmaesoomi, M., Abdul Aziz, A., Mat Junit, S. and Mohd Ali, J. (2019). Ficus
deltoieda: Effects of solvent polarity on antioxidant and anti-
proliferative activities in breast and colon cancer cells. European
Journal of Integrative Medicine, vol. 28, pp. 57-67.

Abrahim, N. N., Abdul-Rahman, P. S. and Aminudin, N. (2018). The antioxidant
activities, cytotoxic properties, and identification of water-soluble
compounds of Ficus deltoidea leaves. Peer J, vol. 11.

Adam, Z., Khamis, S., Ismail, A. and Hamid, M. (2010). Inhibitory properties of
Ficus deltoidea on a-glucosidase activity. Research Journal of
Medicinal Plant, vol. 4, pp. 61-75.

Adlimoghaddam, A., Nuendorff, M., Roy, B. and Albensi B. C. (2018). A review
of clinical treatment considerations of donepezil in severe Alzheimer’s
disease. CNS Neuroscience and Therapeutics, pp. 1-13.

Almey, A. A. A., Ahmed Jalal Khan, C., Syed Zahir, I., Mustapha Suleiman, K.,
Aisyah, M. R. and Kamarul Rahim, K. (2010). Total phenolic content
and primary antioxidant activity of methanolic and ethanolic extracts of
aromatic plants’ leaves. International Food Research Journal, vol. 17,
pp. 1077-1084.

Al-Sayed, E., Somasundaram, |., Dhamecha, D. B. and Hagor, H. (2018).
Natural Products for Ameliorating Degenerative Diseases. Evidence-
Based Complementary and Alternative Medicine.

Alzheimer’s Disease International. (2014). “World Alzheimer Report 2014” in
Dementia and Risk Reduction: An Analysis of Protective and
Modifiable Risk Factors. Available online at:
https://www.alzint.org/resource/world-alzheimer-report-2014
(Assessed August 25, 2020).

Alzheimer’s Disease International. (2015). “World Alzheimer Report 2015” in
The Global Impact of Dementia: An Analysis of Prevalence, Incidence,
Cost and Trends. Available online at:

55


https://www.alzint.org/resource/world-alzheimer-report-2014

https://www.alz.co.uk/research/world-report-2015 (Accessed
September 1, 2020).

Alzheimer’s Disease International. (2018). “World Alzheimer Report 2018” in
The State of Art of Dementia Research: New Frontiers. Available online
at: https://www.alzint.org/resource/world-alzheimer-report-2018
(Assessed September 1, 2020).

Amani, M., Zolghadrnasab, M. and Salari, A-A. (2019). NMDA receptor in the
hippocampus  alters  neurobehavioral  phenotypes  through
inflammatory cytokines in rats with sporadic Alzheimer-like disease.
Physiology & Behavior, vol. 202, pp. 52-61.

Andreu, L., Nuncio-Jauregui, N., Carbonell-Barrachina, A. A., Legua, P. and
Hernandez, F. (2018). Antioxidant properties and chemical
characterization of Spanish Opuntia ficus-indica Mill. cladodes and
fruits. Journal of the Science of Food and Agriculture, vol. 98, pp.
1566-1573.

Arikawa, M., Kakinuma, Y., Noguchi, T., Todaka, H. and Sato, T. (2016).
Donepezil, an acetylcholinesterase inhibitor, attenuates LPS-induced
inflammatory response in murine macrophage cell line RAW 264.7
through inhibition of nuclear factor kappa B translocation. European
Journal of Pharmacology, vol. 789, pp. 17-26.

Avram, S., Mernea, M., Bagci, E., Hritcu, L., Borcan, L-C. and Mihailescu, D.
F. (2017). Advanced Structure-activity Relationships Applied to
Mentha spicata L. Subsp. spicata Essential Oil Compounds as AChE
and NMDA Ligands, in Comparison with Donepezil, Galantamine and
Memantine — New Approach in Brain Disorders Pharmacology. CNS &
Neurological Disorders: Drug Targets, vol. 16, no. 7, pp. 800-811.

Bhardwaj, M., Paul, S., Jakhar, R. and Sun, C. K. (2015). Potential role of
vitexin in alleviating heat stress-induced cytotoxicity: Regulatory effect
of Hsp90 on ER stress-mediated autophagy. Life Sciences, vol. 142,
pp. 36-48.

Bi, W., Zhu, L., Wang, C., Liang, Y., Liu, J., Shi, Q. and Tao, E. (2011).
Rifampicin inhibits microglial inflammation and improves neuron
survival against inflammation. Brain Research, vol. 1395, pp. 12-20.

Biber, K., Owens, T. and Boddeke, E. (2014). What is microglia neurotoxicity
(Not)? Glia, vol. 62, pp. 841-854.

Bolzani, V. D. S., Valli, M., Pivatto, M. and Viegas Jr, C. (2012). Natural
products from Brazilian biodiversity as a source of new models for
medicinal chemistry. Pure and Applied Chemistry, vol. 84, no. 9, pp.
1837-1846.

56


https://www.alz.co.uk/research/world-report-2015
https://www.alzint.org/resource/world-alzheimer-report-2018

Botchway, B. O. A. and lyer, I. C. (2017). Alzheimer’s Disease — The Past, the
Present and the Future. Science Journal of Clinical Medicine, vol. 6,
no. 1, pp. 1-19.

Brussoti, G., Cesari, |, Dentamaro, A., Caccialanza, G. and Massolini, G.
(2014). Isolation and characterization of bioactive compounds from
plant resources: The role of analysis in the ethnopharmacological
approach. Journal of Pharmaceutical and Biomedical Analysis, vol. 87,
pp. 218-228.

Bunawan, H., Mat Amin, N., Bunawan, S. N., Baharun, S. N. and Mohd Noor,
N. (2014). Ficus deltoidea Jack: A Review on Its Phytochemical and
Pharmacological Importance. Hindawi Publishing Corporation.

Butler, M. S. (2004). The Role of Natural Product Chemistry in Drug Discovery.
Journal of Natural Products, vol. 67, no. 12, pp. 2141-2153.

Carpenter, T. S., Kirshner, D. A., Lau, E. Y., Wong, S. E., Nilmeier, J. P. and
Lightstone, F. C. (2014). A method to predict blood-brain barrier
permeability of drug-like compounds using molecular dynamics
simulations. Biophysical Journal, vol. 107, no. 3, pp. 630-641.

Casadesus, G., Smith, M. A. and Zhu, X. (2004). Alzheimer disease: evidence
for a central pathogenic role of iron-mediated reactive oxygen species.
Journal of Alzheimer’s Disease, vol. 6, no. 2, pp. 165-169.

Che Ahmad Tantowi, N. A., Seng, F. L. and Mohamed, S. (2018). Ficus
deltoidea Prevented Bone Loss in Preclinical
Osteoporosis/Osteoarthritis Model by Suppressing Inflammation.
Calcified Tissue International.

Che Isa, M. N., Ajit, A., Naila, A. and Sulaiman, A. Z. (2018). Effect of
microwave assisted hydrodistillation extraction on extracts of Ficus
deltoidea. Materials Today: Proceedings, vol. 5, pp. 21772-21779.

Cheignon, C., Tomas, M., Bonnefont-Rousselot, D., Faller, P., Hureau, C. and
Collin, F. (2018). Oxidative stress and the amyloid beta peptide in
Alzheimer’s disease. Redox Biology, vol. 14, pp. 450-464.

Chen, T., Hou, R., Xu, S. and Wu, C. (2015). Donepezil Regulates 1-Methyl-4-
phenylpyridinium-Induced Microglial Polarization in Parkinson’s
Disease. ACS Chemical Neuroscience.

Chen, W. W., Zhang, X. and Huang, W. J. (2016). Role of neuroinflammation
in neurodegenerative diseases (Review). Molecular Medicine Reports,
vol. 13, no. 4, pp. 3391-3396.

Chen, X., Guo, C. and Kong, J. (2012). Oxidative stress in neurodegenerative
diseases. Neural Regeneration Research, vol. 7, no. 5, pp. 376—-385.

57



Choi, J. S., Islam, M. N., Ali, M. Y., Kim, E. J., Kim, Y. M. and Jung, H. A. (2014).
Effects of C-glycosylation on anti-diabetic, anti-Alzheimer's disease
and anti-inflammatory potential of apigenin. Food and Chemical
Toxicology: An International Journal Published for the British Industrial
Biological Research Association, vol. 64, pp. 27-33.

Choo, C. Y., Sulong, N. Y., Man, F. and Wong, T. W. (2012). Vitexin and
Isovitexin from the Leaves of Ficus deltoidea with In-vivo a-
glucosidase Inhibition. Journal of Ethnopharmacology, vol. 142, pp.
776-781.

Choy, K. W., Murugan, D., Leong, X-F., Abas, R., Alias, A. and Mustafa, M. R.
(2019). Flavonoids as Natural Anti- Inflammatory Agents Targeting
Nuclear Factor-Kappa B (NFkB) Signaling in Cardiovascular Diseases:
A Mini Review. Frontiers in Pharmacology.

Cipriani, G., Dolciotti, C., Picchi, L. and Bonuccelli, U. (2011). Alzheimer and
his disease: a brief history. Neurological Sciences, vol. 32, pp. 275-
279.

ClinicalTrials.gov. Available online at: https://clinicaltrials.gov/ct2/home
(Assessed 18 September 2020).

Colonna, M. and Butovsky, O. (2017). Microglia function in the central nervous
system during health and neurodegeneration. Annual Reiew of
Immunology, vol. 35, pp. 441-468.

Cunha, C., Gomes, C., Vaz, A. R. and Brites, D. (2016). Exploring New
Inflammatory Biomarkers and Pathways during LPS-Induced M1
Polarization. Mediators of Inflammation.

Dal Pra, I, Chiarini, A., Pacchiana, R., Gardenal, E., Chakravarthy,
B., Whitfield, J. and Armato, U. (2014). Calcium-Sensing Receptors of
Human Astrocyte-Neuron Teams: Amyloid-B-Driven Mediators and
Therapeutic  Targets of  Alzheimer's  Disease. Current
Neuropharmacology, vol. 12, no. 2, pp. 353-364.

Deepa, P., Sowndhararajan, K., Kim, S. and Park, S. J. (2018). A role of Ficus
species in the management of diabetes mellitus: A review. Journal of
Ethnopharmacology, vol. 215, pp. 210-232.

DiMasi, J. A., Hansen, R. W. and Grabowsk, H. G. (2003). The price of
innovation: new estimates of drug development costs. Journal of
Health Economy, vol. 22, pp. 151-185.

Domenici, E., Wille, D. R., Tozzi, F., Prokopenko, I., Miller, S. and McKeown,
A. (2010). Plasma protein biomarkers for depression and
schizophrenia by multi-analyte profiling of case-control collections.
PLoS One, vol. 5.

58


https://clinicaltrials.gov/ct2/home
https://www.ingentaconnect.com/search?option2=author&value2=Dal+Pra,+I.
https://www.ingentaconnect.com/search?option2=author&value2=Chiarini,+A.
https://www.ingentaconnect.com/search?option2=author&value2=Pacchiana,+R.
https://www.ingentaconnect.com/search?option2=author&value2=Gardenal,+E.
https://www.ingentaconnect.com/search?option2=author&value2=Chakravarthy,+B.
https://www.ingentaconnect.com/search?option2=author&value2=Chakravarthy,+B.
https://www.ingentaconnect.com/search?option2=author&value2=F.+Whitfield,+J.
https://www.ingentaconnect.com/search?option2=author&value2=Armato,+U.

Donia, A. E. M., Soliman, G. A., Zaghloul, A. M., Algasoumi, S. I., Awaad, A.
S., Radwan, A. M. and Basodan, O. A. (2013). Chemical constituents
and protective effect of Ficus ingens (Mig.) Mig. on carbon
tetrachloride-induced acute liver damage in male Wistar albino rats.
Journal of Saudi Chemical Society, vol. 17, pp. 125-133.

Duthey, B. (2004). A Public Health Approach to Innovation. Priority Medicines
for Europe and the World, pp. 1-74.

Dzialo, M., Mierziak, J., Korzun, U., Preisner, M., Szopa, J. and Kulma, A.
(2016). The Potential of Plant Phenolics in Prevention and Therapy of
Skin Disorders. International Journal of Molecular Sciences, vol. 17,
no. 2, pp. 160.

Dzolin, S., Ahmad, R., Mat Zain, M. and Syed Aris, S. R. (2012). Inhibition of
Free Radical and Neuroprotective Effect of Four Varieties of Ficus
deltoidea. Advanced Materials Research, vol. 554-556, pp. 1371-1380.

Dzolin, S., Syed Aris, S. R., Ahmad, R. and Mat Zain, M. (2010). Radical
Scavenging and Neurotoxicity of Four Varieties of Ficus deltoidea.
International Conference on Science and Social Research.

Dzoyem, J. P., Tchamgoue, J., Tchouankeu, J. C., Kouam, S. F., Choudhary,
M. I. and Bakowsky, U. (2018). Antibacterial activity and cytotoxicity of
flavonoids compounds isolated from Pseudarthria hookeri Wight &
Arn. (Fabaceae). South African Journal of Botany, vol. 114, pp. 100-
103.

Farlow, M. R. and Cummings, J. L. (2007). Effective Pharmacologic
Management of Alzheimer's Disease. The American Journal of
Medicine, vol. 120, no. 5, pp. 388-397.

Farsi, E., Ahmad, M., Hor, S. Y., Ahamed, M. B. K. and Yam, M. F. (2014).
Standardized extract of Ficus deltoidea stimulates insulin secretion
and blocks hepatic glucose production by regulating the expression of
glucose-metabolic genes in streptozitocin-induced diabetic rats. BMC
Complementary and Alternative Medicine, vol. 14, no. 1, pp. 1-13.

Fenn, A. M., Gensel, J. C., Huang, Y., Popovich, P. G., Lifshitz, J. and Godbout,
J. P. (2014). Immune Activation Promotes Depression 1 Month After
Diffuse Brain Injury: A Role for Primed Microglia. Biological Psychiatry,
vol. 76, pp. 575-584.

Friedman, J. (2011). Why is the nervous system vulnerable to oxidative stress?
Oxidative Stress in Applied Basic Research and Clinical Practice, pp.
19-27.

Ganguly, S. (2014). Molecular docking studies and ADME prediction of novel

isatin analogs with potent anti-EGFR activity. Medicinal Chemistry, pp.
4-8.

59



Gautam, S. H., Hoang, T. T., McClanahan, K., Grady, S. K. and Shew, W. L.
(2015). Maximizing Sensory Dynamic Range by Tuning the Cortical
State to Criticality. PLoS Computational Biology.

Giraldo, E., Lloret, A., Fuchsberger, T. and Vina, J. (2014). Amyloid beta and
tau toxicities in Alzheimer's are linked via oxidative stress-induced p38
activation: protective role of vitamin E. Redox Biology, vol. 2, pp. 873—
877.

Girish, T. K., Kumar, A. K. and Rao, U. J. S. P. (2016). C-Glycosylated
flavonoids from black gram husk: Protection against DNA and
erythrocytes from oxidative damage and their cytotoxic effect on HeLa
cells. Toxicology Reports, vol. 3, pp. 652-663.

Glass, C. K., Saijo, K., Winner, B., Marchetto, M. C. and Gage, F. H. (2010).
Mechanisms underlying inflammation in neurodegeneration. Cell, vol.
140, pp. 918-934.

Godyn, J., Jonczyk, J., Panek, D. and Malawska, B. (2016). Therapeutic
strategies for Alzheimer’'s disease in clinical trials. Pharmacological
Reports, vol. 68, pp. 127-138.

Gong, Q-H., Wang, Q., Pan, L-L., Liu, X-H., Huang, H. and Zhu, Y-Z. (2010).
Hydrogen sulfide attenuates lipopolysaccharide-induced cognitive
impairment: A pro-inflammatory pathway in rats. Pharmacology,
Biochemistry and Behavior, vol. 96, pp. 52-58.

Gouwy, M., Struyf, S., Proost, P. and Van Damme, J. (2005). Synergy in
cytokine and chemokine networks amplifies the inflammatory
response. Cytokine & Growth Factor Reviews, vol. 16, pp. 561-580.

Guha, M. and Mackman, N. (2001). LPS induction of gene expression in human
monocytes. Cell Signal, vol. 13, pp. 85-94.

Hakiman, M. and Maziah, M. (2009). Non enzymatic and enzymatic antioxidant
activities in aqueous extract of different Ficus deltoidea accessions.
Journal of Medicinal Plant Research, vol. 3, no. 3, pp. 120-131.

Hakiman, M., Syed, M. A., Syahida, A. and Maziah, M. (2012). Total
antioxidant, polyphenol, phenolic acid and flavonoid content in Ficus
deltoidea varieties. Journal of Medicinal Plants Research, vol. 6, no.
33, pp. 4776-4784.

Hasham, R., Choi, H. K., Sarmidi, M. R. and Park, C. S. (2013). Protective
effects of a Ficus deltoidea (Mas cotek) extract against UVB-induced
photoageing in skin cells. Biotechnology and Bioprocess Engineering,
vol. 18, no. 1, pp. 185-193.

Hasham, R., Hyun, K. C. and Chang, S. P. (2014). Ficus deltoidea Extract
Protects HaCat Keratinocytes from UVB Irradiation-Induced

60



Inflammation. International Journal of Biological, Veterinary,
Agricultural and Food Engineering, vol. 8, no. 11.

Hayden, M.S. and Ghosh, S. (2004). Signaling to NF-kB. Genes &
Development, vol. 18, pp. 2195-2224.

He, M., Min, J. W., Kong, W. L., He, X. H., Li, J. X. and Peng, B. W. (2016). A
review on the pharmacological effects of vitexin and isovitexin.
Fitoterapia, vol. 115, pp. 74-85.

Heneka, M. T., Carson, M. J. and EI Khoury, J. (2015). Neuroinflammation in
Alzheimer's disease. The Lancet Neurology, vol. 14, no. 4, pp. 388-
405.

Ho, S. C., Chan, K. S. and Chang, P. W. (2013). Inhibition of neuroinflammation
by cinnamon and its main components. Food Chemistry, vol. 138, pp.
2275-2282.

Hoglund, K. and Salter, H. (2013). Molecular biomarkers of neurodegeneration.
Expert Review of Molecular Diagnostics, vol. 13, no. 8, pp. 845-861.

Hoogland, I. C. M., Houbolt, C., Westerloo, D. J. V., van Gool, W. A. and van
de Beek, D. (2015). Systemic inflammation and microglial activation:
systemic review of animal experiments. Journal of Neuroinflammation,
vol. 12, pp. 114.

Hou, Y., Xie, G., Liu, X., Li, G., Jia, C., Xu, J. and Wang, B. (2016). Minocycline
protects against lipopolysaccharide-induced cognitive impairment in
mice. Psychopharmacology, vol. 233, pp. 905-916.

Howes, L. G. (2014). Cardiovascular Effects of Drugs Used to Treat
Alzheimer’s Disease. Drug Safety, vol. 37, pp. 391-395.

Hsieh, H. L. and Yang, C. M. (2013). Role of redox signaling in
neuroinflammation and neurodegenerative diseases. Biomed
Research International.

Huang, H-J., Chen, Y-H., Liang, K-C., Jheng, Y-S., Jhao, J-J., Su, M-T., Lee-
Chen, G-J. and Hsieh-Li, H. M. (2012). Exendin-4 Protected against
Cognitive Dysfunction in Hyperglycemic Mice Receiving an
Intrahippocampal Lipopolysaccharide Injection. PLoS One, vol. 7, no.
7.

Hwang, J., Hwang, H., Lee, H-W. and Suk, K. (2010). Microglia signaling as a
target of donepezil. Neuropharmacology, vol. 58, pp. 1122-1129.

llyanie, Y., Wong, T. W. and Choo, C. Y. (2011). Evaluation of hypoglycemic

activity and toxicity profiles of the leaves of Ficus deltoidea in rodents.
Journal of Complementary and Integrative Medicine.

61



International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH). (2019). Bioanalytical Method
Validation M10. ICH Harmonised Guideline.

Jamal, P., Abdul Karim, I., Abdullah, E., Ahmad Raus, R. and Hashim, Y. Z.
(2011). Phytochemical screening for antibacterial activity of potential
Malaysian medicinal plants. African Journal of Biotechnology, vol. 10,
no. 81, pp. 18795-18799.

Janelsins, M. C., Mastrangelo, M. A., Park, K. M., Sudol, K. L., Narrow, W. C.,
Oddo, S., LaFerla, F. M., Callahan, L. M., Federoff, H. J. and Bowers,
W. J. (2008). Chronic Neuron-Specific Tumor Necrosis Factor-Alpha
Expression Enhances the Local Inflammatory Environment Ultimately
Leading to Neuronal Death in 3xTg-AD Mice. Molecular Pathogenesis
of Genetic and Inherited Diseases, vol. 173, no. 6.

Ji, K., Akgul, G., Wollmuth, L. P. and Tsirka, S. E. (2013). Microglia actively
regulate the number of functional synapses. PLoS One, vol. 8, no. 2.

Johnell, K., Religa, D. and Eriksdotter, M. (2013). Differences in drug therapy
between dementia disorders in the Swedish dementia registry: a
nationwide study of over 7,000 patients. Dementia and Geriatric
Cognitive Disorder, vol. 35, pp. 239-248.

Kaur, N., Sharma, I., Kirat, K. and Kumar Pati, P. (2016). Detection of Reactive
Oxygen Species in Oryza sativa L. (Rice). Bio-protocol, vol. 6, no. 24.

Kementerian Pertanian dan Industri Asas Tani. (2011). Dasar Agromakanan
Negara 2011-2020. Kuala Lumpur, Percetakan Watan.

Khairiah, K., Ching, S. M. and Hamid, T. A. (2016). Prevalence and Factors
Associated with Mild Cognitive Impairment on Screening in Older
Malaysians. The Journal of Psychiatry and Neurological Sciences, vol.
29, pp. 298-306.

Khalid, H., Abdalla, W. E., Abdelgadir, H., Opatz, T. and Efferth, T. (2012).
Gems from traditional north-American medicine: medicinal and
aromatic plants from Sudan. Natural Products and Bioprospecting, vol.
2, pp. 92-103.

Khari, N., Abdalrahim, F. A. A. and Ismail, Z. (2014). Reverse Phase High
Performance Liquid Chromatography for the Quantification of
Eurycomanone in Eurycoma longifolia Jack (Simaroubaceae) Extracts
and their Commercial Products. Tropical Journal of Pharmaceutical
Research, vol. 13, no. 5, pp. 801-807.

Kim, E-A., Han, A. R., Choi, J., Ahn, J-Y., Choi, S. Y. and Cho, S-W. (2014).
Anti-inflammatory mechanisms of N-adamantyl-4-methylthiazol-2-
amine in lipopolysaccharide-stimulated BV-2 microglial cells.
International Immunopharmacology, vol. 22, no. 1, pp. 73-83.

62



Kim, H. G., Moon, M., Choi, J. G., Park, G., Kim, A. J., et al. (2014). Donepezil
inhibits the amyloid-beta oligomer-induced microglial activation in vitro
and in vivo. Neurotoxicology, vol. 40, pp. 23-32.

Kim, Y-K., Na, K-S., Myint, A-M. and Leonard, B. E. (2016). The role of pro-
inflammatory cytokines in neuroinflammation, neurogenesis and the
neuroendocrine system in major depression. Progress in Neuro-
Psychopharmacology & Biological Psychiatry, vol. 64, pp. 277-284.

Kumar, A., Singh, A. and Ekavali. (2015). A review on Alzheimer’s disease
pathophysiology and its management: an update. Pharmacological
Reports, vol. 67, pp. 195-203.

Lawrence, C. L., Pollard, C. E., Hammond, T. G. and Valentin, J. P. (2008). In
vitro models of proarrhythmia. British Journal of Pharmacology, vol.
154, pp. 1516-1522.

Lee, H. T., Soon, L. L., Ai, L. T., Chai, T. I., Kit, S. N. K. and Chin, H. N. (2016).
Intraspecific classification of Ficus deltoidea Jack subsp. deltoidea
(Moraceae) in Peninsular Malaysia based on morphological and
molecular variations. Biochemical Systematics and Ecology, vol. 67,
pp. 119-128.

Lee, L-S., Choi, E-J., Kim, C-H., Sung, J-M., Kim, Y-B., Seo, D-H., Choi, H-W.,
Choi, Y-S., Kum, J-S. and Park, J-D. (2016). Contribution of flavonoids
to the antioxidant properties of common and tartary buckwheat.
Journal of Cereal Science, vol. 68, pp. 181-186.

Lee, Y. B., Nagai, A. and Kim, S.U. (2002). Cytokines, chemokines, and
cytokine receptors in human microglia. Journal of Neuroscience
Research, vol. 69, pp. 94-103.

Lehnardt, S. (2010). Innate Immunity and Neuroinflammation in the CNS: The
Role of Microglia in Toll-Like Receptor-Mediated Neuronal Injury. Glia.

Li, H., Song, F., Xing, J., Tsao, R., Liu, Z. and Liu, S. (2009). Screening and
structural characterization of a-glucosidase inhibitors from Hawthorn
leaf flavonoids extract by Ultrafiltration LC-DAD-MSn and SORI-CID
FTIR MS 20. American Society for Mass Spectrometry, vol. 20, pp.
1496-1503.

Li, W., Chu, Y., Zhang, L., Yin, L. and Li, L. (2012). Ginsenoside Rg1 attenuates
tau phosphorylation in SK-N-SH induced by AB-stimulated THP-1
supernatant and the involvement of p38 pathway activation. Life
Sciences, vol. 91, pp. 809-815.

Li, X., Ma, J. and Wang, J. (2015). Cytotoxicity, oxidative stress, and apoptosis
in HepG2 cells induced by ionic liquid 1-methyl-3-octylimidazolium
bromide. Ecotoxicology and Environmental Safety, vol. 120, pp. 342-
348.

63



Li, Y., Liu, L., Barger, S. W. and Griffin, W. S. (2003). Interleukin-1 mediates
pathological effects of microglia on tau phosphorylation and on
synaptophysin synthesis in cortical neurons through a p38-MAPK
pathway. Journal of Neuroscience, vol. 23, pp. 1605-1611.

Lipinski, C. A., Ombardo, F. I., Dominy, B. W. and Feeney, P. J. (1997).
Experimental and computational approaches to estimate solubility and
permeability in drug discovery and development settings. Advanced
Drug Delivery Reviews, vol. 23, pp. 3-25.

Liu, X., Mo, Y. and Gong, J. (2016). Puerarin ameliorates cognitive deficits in
streptozotocin-induced diabetic rats. Metabolic Brain Disease, vol. 31,
no. 2, pp. 417-423.

Locatelli, M., Macchione, N., Ferrante, C., Chiavaroli, A., Recinella, L.,
Carradori, S., Zengin, G., Cesa, S., Leporini, L. and Leone, S. (2018).
Graminex pollen: Phenolic pattern, colorimetric analysis and protective
effects in immortalized prostate cells (PC3) and rat prostate challenged
with LPS. Molecules, vol. 23, pp. 1145.

Lopez, P., Sanchez, C., Batlle, R. and Nerin, C. (2005). Solid- and Vapor-
Phase Antimicrobial Activities of Six Essential Oils: Susceptibility of
Selected Foodborne Bacterial and Fungal Strains. Journal of
Agricultural and Food Chemistry, vol. 53, pp. 6939-6946.

Madav, Y., Wairkar, S. and Prabhakar, B. (2019). Recent therapeutic strategies
targeting beta amyloid and tauopathies in Alzheimer's disease. Brain
Research Bulletin, vol. 146, pp. 171-184.

Maitra, U., Singh, N., Gan, L., Ringwood, L. and Li, L. (2009). IRAK-1
contributes to lipopolysaccharide-induced reactive oxygen species
generation in macrophages by inducing NOZ-1 transcription and Racl
activation and suppressing the expression of antioxidative enzymes.
The Journal of Biological Chemistry, vol. 285, no. 51, pp. 35403-35511.

Malar, D. S., Suryanarayanan, V., Prasanth, M. ., Singh, S. K., Balamurungan,
K. and Devi, K. P. (2018). Vitexin inhibits AB2s-3s induced toxicity in
Neuro-2a cells by augmenting Nrf-2/HO-1 dependent antioxidant
pathway and regulating lipid homeostasis by the activation of LXR-a.
Toxicology in Vitro, vol. 50, pp. 160-171.

Manoharan, S., J. Guillemin, G., Abiramasundari, R. S., Mohamed Essa, M.,
Akbar, M. and D. Akbar, M. (2016). The role of reactive oxygen species
in pathogenesis of Alzheimer's disease, Parkinson’s disease, and
Huntington’s disease: a mini review. Oxidative Medicine and Cellular
Longeuvity.

Massaad, A. A. (2011). Neuronal and vascular oxidative stress in Alzheimer’s
disease. Current Neuropharmacology, vol. 9, no. 4, pp.662-673.

64



Mattson, M. P. and Chan, Sic L. (2003). Neuronal and glial calcium signaling in
Alzheimer’s disease. Cell Calcium, vol. 34, pp. 385-397.

McManus, R. M. and Heneka, M. T. (2017). Role of neuroinflammation in
neurodegeneration: new insights. Alzheimer’s Research & Therapy,
vol. 9, no. 1.

Meng, X. H., Liu, C., Fan, R., Zhu, L. F,, Yang, S. X., Zhu, H. T., Wang, D.,
Yang, C. R. and Zhang, Y. J. (2018). Antioxidative flavan-3-ol dimers
from the leaves of Camellia fangchengensis. Journal of Agricultural
and Food Chemistry, vol. 66, pp. 247-254.

Mohammad, N., Yong, K. W. and Abu Bakar, N. F. (2012). Determination of
Mineral Content in the Ficus deltoidea Leaves. Jurnal Sains Kesihatan
Malaysia, vol. 10, no. 2, pp. 25-29.

Mohd Ariff, A., Abu Bakar, N. A., Abd Muid, S., Omar, E., Ismail, N. H., Ali, A.
M., Mohd Kasim, N. A. and Mohd Nawawi, H. (2020). Ficus deltoidea
suppresses endothelial activation, inflammation, monocytes adhesion
and oxidative stress via NF-kB and eNOS pathways in stimulated
human coronary artery endothelial cells. BMC Complementary
Medicine and Therapies, vol. 20, no. 56.

Moon, M., Hong, H. S., Nam, D. W., Baik, S. H., Song, H., Kook, S. Y., Kim, Y.
S., Lee, J. and Mook-Jung, |. (2012). Intracellular amyloid-beta
accumulation in calcium-binding protein-deficient neurons leads to
amyloid-beta plaque formation in animal model of Alzheimer's disease.
Journal of Alzheimer’s Disease, vol. 29, pp. 615-628.

Mun, H. S., Mamat, A. S., Aslam, M. S. and Ahmad, M. S. (2019). Total phenolic
content and antioxidant potential of Ficus deltoidea using green and
non-green solvents. Journal of Pharmaceutical Negative Results.

Musa, Y., Yahya, H., Wan Zaki, W. M. and A. Zaharah. (2005). Emas Cotek- A
New Potential Medicinal Plant. Buletin Teknologi Makanan Malaysia,
pp.1, 29-36.

Myint, A. M. and Kim, Y. K. (2014). Network beyond IDO in psychiatric
disorders: revisiting neurodegeneration hypothesis. Progress in Neuro-
Psychopharmacology and Biological Psychiatry, vol. 48, pp. 304-313.

Nimmerjahn, A., Kirchhoff, F. and Helmchen, F. (2005). Resting microglial cells
are highly dynamic surveillants of brain parenchyma in vivo. Science,
vol. 308, pp. 1314-1318.

Noh, S., Jeon, J. and Seo, H. (2014). Systemic injection of LPS induces region-
specific neuroinflammation and mitochondrial dysfunction in normal
mouse brain. Neurochemistry International, vol. 69, pp. 35-40.

Nurdiana, S., Goh, Y. M., Hafandi, A., Dom, S. M., Nur Syimalain, A., Noor
Syaffinaz, N. M. and Ebrahimi, M. (2018). Improvement of spatial

65



learning and memory, cortical gyrification patterns and brain oxidative
stress markers in diabetic rats treated with Ficus deltoidea leaf extract
and vitexin. Journal of Traditional and Complementary Medicine, vol.
8, pp. 190-202.

Olsson, T. T., Klementieva, O. and Gouras, G. K. (2018). Prion-like seeding
and nucleation of intracellular amyloid-beta. Neurobiology of Disease,
vol. 113, pp. 1-10.

Omar, M. H., Mullen, W. and Crozier, A. (2011). Identification of
proanthocyanidin dimers and trimers, flavone C-glycosides, and
antioxidants in Ficus deltoidea, a Malaysian herbal tea. Journal of
Agricultural and Food Chemistry, vol. 59, no. 4, pp. 1363-1369.

Ong, S. L., Ling, A. P. K., Poospoorangi, R. and Moosa, S. (2011). Production
of Flavonoid compounds in cell cultures of Ficus deltoidea as
influenced by medium composition. International Journal of Medicinal
and Aromatic Plants, vol. 1, no. 2, pp. 62-74.

Paganelli, R., lorio, A. D., Patricelli, L., Ripani, F., Sparvieri, E., Faricelli, R.,
larlori, C., Porreca, E., Gioacchino, D. M. and Abate, G. (2002).
Proinflammatory cytokines in sera of elderly patients with dementia:
levels in vascular injury are higher than those of mild—moderate
Alzheimer’s disease patients. Experimental Gerontology, vol. 37, pp.
257-263.

Pan, W., Yu, C., Hsuchou, H., Zhang, Y. and Kastin, A. J. (2008).
Neuroinflammation facilitates LIF entry into brain: role of TNF.
American Journal of Physiology - Cell Physiology, vol. 294, pp. 1436—
1442,

Pasqualetti, G., Brooks, D. J. and Edison, P. (2015). The role of
neuroinflammation in dementias. Current Neurology and Neuroscience
Reports, vol. 15.

Passini, E., Britton, O. J., Lu, H. R., Rohrbacher, J., Hermans, A., Gallacher,
D. J., Greig, R. J. H., Bueno-Orovio, A. and Rodriguez, B. (2017).
Human In Silico Drug Trials Demonstrate Higher Accuracy than Animal
Models in Predicting Clinical Pro-Arrhythmic Cardiotoxicity. Frontiers
in Physiology, vol. 8.

Peng, G. S., Li, G., Tzeng, N. S., Chen, P. S., Chuang, D. M., Hsu, Y. D., Yang,
S. and Hong, J. S. (2005). Valproate pre-treatment protects
dopaminergic neurons from LPS- induced neurotoxicity in rat primary
midbrain cultures: role of microglia. Brain Research Molecular Brain
Research, vol. 134, pp. 162-169.

Pholphana, N., Rangkadilok, N., Saehun, J., Ritruechai, S. and Satayavivad, J.
(2013). Changes in the contents of four active diterpenoids at different
growth stages in Andrographis paniculata (Burm.f) Nees
(Chuanxinlian). Chinese Medicine, vol, 8, no. 2.

66



Puri, B., Hall, A. and Ho, R. (2013). Revision Notes in Psychiatry, Third Edition,
Taylor & Francis.

Pushpanathan, K. and Nithyanandam, R. (2015). Antioxidant potential of
Malaysian medicinal plant. Journal of Engineering Science and
Technology, pp. 138-150.

Qikprop 4.4 User Manual. (2015). Schrédinger Software Release 2015-2.

Qin, L., Wu, X, Block, M. L., Liu, Y., Breese, G. R., Hong, J. S., Knapp, D. J.
and Crews, F. T. (2007). Systemic LPS causes chronic
neuroinflammation and progressive neurodegeneration. Glia, vol. 55,
no. 5, pp. 453-462.

Ramamurthy, S., Kumarappan, C., Dharmalingan, S. R. and Sangeh, J. K.
(2014). Phytochemical, Pharmacological and Toxicological Properties
of Ficus deltoidea: A Review of a Recent Research. Annual Research
& Review in Biology, vol. 4, pp. 2357-2371.

Ransohoff, R. M. and Perry, V. H. (2009). Microglial Physiology: Unique Stimuli,
Specialized Responses. Annual Review of Immunology, vol. 27, pp.
119-145.

Rock, R. B., Gekker, G., Hu, S., Sheng, W. S., Cheeran, M., Lokensgard, J. R.
and Peterson, P. K. (2004). Role of microglia in central nervous system
infections. Clinical Microbiology Reviews, vol. 17, pp. 942— 964.

Roeters, S. J., lyer, A., Pletikapic, G., Kogan, V., Subramaniam, V. and
Woutersen, S. (2017). Evidence for intramolecular antiparallel beta-
sheet structure in Alpha-Synuclein fibrils from a combination of two-
dimensional infrared spectroscopy and atomic force microscopy.
Scientific Reports.

Roher, A. E. (2017). APP/AB structural diversity and Alzheimer’s disease
pathogenesis. Neurochemistry International, vol. 110, pp. 1-13.

Salim, S., Chugh, G. and Asghar, M. (2012). Inflammation in anxiety. Advances
in Protein Chemistry and Structural Biology, pp. 1-25.

Salvi, V., Sozio, F., Sozzani, S. and Del Prete, A. (2017). Role of Atypical
Chemokine Receptors in Microglial Activation and Polarization.
Frontiers in Aging Neuroscience, vol. 9.

Sayre, M. L., Perry, G. and Smith, M. A. (2008). Oxidative stress and
neurotoxicity. Chemical Research in Toxicology, vol. 21, pp. 172-188.

Schain, M. and Kreisl, W. C. (2017). Neuroinflammation in neurodegenerative

disorders-a review. Current Neurology and Neuroscience Reports, vol.
17, no. 3, pp. 25.

67



Sengul, U. (2016). Comparing determination methods of detection and
quantification limits for aflatoxin analysis in hazelnut. Journal of Food
and Drug Analysis, vol. 24, pp. 56-62.

Seo, J.,, Lee, S., Elam, M. L., Johnson, S. A., Kang, J. and Arjmandi, B. H.
(2014). Study to find the best extraction solvent for use with guava
leaves (Psidium guajava L.) for high antioxidant efficacy. Food Science
& Nutrition, vol. 2, pp. 174-180.

Shah, U., Shah, R., Acharya, S. and Acharya, N. (2013). Novel anticancer
agents from plant sources. Chinese Journal of Natural Medicines, vol.
11, pp. 16-23.

Signore, M. and Reeder, K. A. (2012). Antibody Validation by Western Blotting.

Singh, A., Agarwal, S. and Singh, S. (2020). Age related neurodegenerative
Alzheimer's disease: Usage of traditional herbs in therapeutics.
Neuroscience Letters, vol. 717.

Sirisha, N., Sreenivasulu, M., Sangeeta, K. and Madhusudhana Chetty, C.
(2010). Antioxidant Properties of Ficus Species- A Review.
International Journal of PharmTech Research, vol. 2, no. 4, pp. 2174-
2182.

Skelly, D. T., Hennessy, E., Dansereau, M-A. and Cunningham, C. (2013). A
Systematic Analysis of the Peripheral and CNS Effects of Systemic
LPS, IL-1B, TNF-a and IL-6 Challenges in C57BL/6 Mice. PLoS One,
vol. 8, no. 7.

Solanki, I., Parihar, P. and Parihar, M. S. (2016). Neurodegenerative diseases:
from available treatments to prospective herbal therapy.
Neurochemistry International, vol. 95, pp. 100-108.

Solito, E. and Sastre, M. (2012). Microglia function in Alzheimer’s disease.
Frontiers in Pharmacology, vol. 3, no. 14.

Son, Y., Kim, S., Chung, H. T. and Pae, H. O. (2013). Reactive oxygen species
in the activation of MAP kinases. Methods in Enzymology, vol.528, pp.
27-48.

Spagnuolo, C., Moccia, S. and Russo, G. L. (2017). Anti-inflammatory effects
of flavonoids in neurodegenerative disorders. European Journal of
Medicinal Chemistry, pp. 1-11.

Spencer, J. P. (2012). Neuroinflammation: modulation by flavonoids and
mechanisms of action. Molecular Aspects of Medicine, vol. 33, no. 1,
pp. 83-97.

Stewart, C. R., Stuart, L. M. and Wilkinson, K. (2010). CD36 ligands promote
sterile inflammation through assembly of a Toll-like receptor 4 and 6
heterodimer. Nature Immunology, vol. 11, pp. 155-161.

68



Stuart, A. R., Gulve, E. A. and Wang, M. (2004). Chemistry and biochemistry
of type 2 diabetes. Chemical Reviews, vol. 104, pp. 1255-1282.

Subhramanyam, C. S., Wang, C., Hu, Q. and Dheen, T. (2019). Microglia-
mediated neuroinflammation in neurodegenerative diseases.
Seminars in Cell & Developmental Biology, vol. 94, pp. 112-120.

Suja, C., Shuhaib, B., Abdurahman, M., Khatoom, H. and Simi, K. (2016). A
Review on Dietary Antioxidants. Research Journal of Pharmacy and
Technology, vol. 9, pp. 196-202.

Sulaiman, M. R., Hussain, M. K., Zakaria, Z. A., Somchit, M. N., Moin, S.,
Mohamad, A. S. and Israf, D. A. (2008). Evaluation of Antinociceptive
Activity of Ficus deltoidea Aqueous Extract. Fitoterapia, vol. 79, pp.
557-561.

Sun, G., Wang, J., Wang, P., Ren, H., Yue, Y., Song, Z. and Fu, X. (2020).
Donepezil protects glycerol-induced acute renal failure through the
cholinergic anti-inflammatory and nitric oxide pathway in rats.
Immunopharmacology and Immunotoxicology, vol. 42, no. 6, pp. 625-
631.

Sun, J. and Roy, S. (2018). The physical approximation of APP and BACE-1:
a key event in Alzheimer’s disease pathogenesis. Developmental
Neurobiology, vol. 78, pp. 340-347.

Syed Aris, S. R., Mustafa, S., Ahmat, N., Mohd Jaafar, F. and Ahmad, R.
(2009). Phenolic content and antioxidant activity of fruits of Ficus
deltoidea var angustifolia sp. The Malaysian Journal of Analytical
Sciences, vol. 13, no. 2, pp. 146-150.

Tabet, N. (2006). Acetylcholinesterase inhibitors for Alzheimer’s disease: anti-
inflammatories in acetylcholine clothing! Age and Ageing, vol. 35, pp.
336-338.

Tey, N. P., Siraj, S. B., Kamaruzzaman, S. B., Chin, A. V., Tan, M. P. and
Sinnappan, G. S. (2016). Aging in Multi-ethnic Malaysia. Gerontologist,
vol. 56, pp. 603-609.

Tramutola, A., Lanzilotta, C., Perluigi, M. and Butterfield, D. A. (2017).
Oxidative stress, protein modification and Alzheimer disease. Brain
Research Bulletin, vol. 133, pp. 88-96.

Tsukaya, H. (2005). Leaf shape: genetic controls and environmental factors.
International Journal of Developmental Biology, vol. 49, pp. 547-555.

Tungmunnithum, D., Thongboonyou, A., Pholboon, A. and Yangsabai, A.
(2018). Flavonoids and Other Phenolic Compounds from Medicinal
Plants for Pharmaceutical and Medical Aspects: An Overview.
Medicines, vol. 5, no. 93.

69



Tyagi, E., Agrawal, R., Nath, C. and Shukla, R. (2007). Effect of anti-dementia
drugs on LPS induced neuroinflammation in mice. Life Sciences, vol.
80.

Uslu, S., Akarkarasu, Z. E., Azbabalik, D., Ozkan, S., Colak, O., Demirkan, E.
S., Ozkiris, A., Demirustu, C. and Alatas, O. (2012). Levels of amyloid
beta-42, interleukin-6 and tumor necrosis factor-alpha in Alzheimer’s
disease and vascular dementia. Neurochemical research, vol. 37, pp.
1554-1559.

Uyub, A. M., Nwachukwu, I. N. A. A. and Fariza, S. S. (2010). In-vitro
antibacterial activity and cytotoxicity of selected medicinal plant
extracts from Penang island Malaysia on metronidazole-resistant-
helicobacter pylori and some pathogenic bacteria. Ethnobotany
Research and Applications, vol. 8, pp. 95-106.

Villa, A., Vegeto, E., Poletti A. and Maggi, A. (2016). Estrogens,
Neuroinflammation and Neurodegeneration. Endocrine Reviews, vol.
37, no. 4, pp. 372-402.

Vullhorst, D., Ahmad, T., Karavanova, |., Keating, C., Buonanno, A., et al.
(2017). Structural similarities between neuregulin 1-3 isoforms
determine their subcellular distribution and signaling mode in central
neurons. Journal of Neuroscience, vol. 7, pp. 5232-5249.

Wallace, D. C. (2005). A Mitochondrial Paradigm of Metabolic and
Degenerative Diseases, Aging, and Cancer: A dawn for Evolutionary
Medicine. Annual Review of Genetics, vol. 39, pp. 359-407.

Wang, C. 1., Li, J., Liu, Q., Yang, R., Zhang, J. H., et al. (2011). Hydrogen-rich
saline reduces oxidative stress and inflammation by inhibit of JNK and
NF-kB activation in a rat model of amyloid-beta-induced Alzheimer’s
disease. Neuroscience Letters, vol. 49, pp. 127-132.

Wang, H., Vidyadaran, S., Mohd Moklas, M. A. and Baharudin, M. T. H. (2017).
Inhibitory Activity of Ficus deltoidea var. trengganuensis Agueous
Extract on Lipopolysaccharide-Induced TNF-a Production from
Microglia. Evidence-Based Complementary and Alternative Medicine,
vol. 17.

Wang, H., Vidyadaran, S., Moklas, M. A. M. and Baharuldin, M. T. H. (2017).
Inhibitory Activity of Ficus deltoidea var. trengganuensis Aqueous
Extract on Lipopolysaccharide-Induced TNF-a Production from
Microglia. Evidence-Based Complementary and Alternative Medicine.

Wang, P., Henning, S. M. and Heber, D. (2010). Limitations of MTT and MTS-

based assays for measurement of antiproliferative activity of green tea
polyphenols. PLoS One, vol. 5, no. 4.

70



Wang, Q-H., Yu, L-J., Liu, Y., Lin, L., Lu, R-G., Zhu, J-P., He, L. and Lu, Z-L.
(2017). Methods for the detection and determination of nitrite and
nitrate: A review. Talanta, vol. 165, pp. 709-720.

Wang, X. S., Hu, X. C,, Chen, G. L., Yuan, X., Yang, R. N, Liang, S., Ren, J.,
Sun, J. C,, Kong, G. Q., Gao, S. G. and Feng, X. S. (2015). Effects of
vitexin on the pharmacokinetics and mRNA expression of CYP
isozymes in rats. Phytotherapy Research, vol. 29, no. 3, pp. 366—372.

Wilkins, H. M. and Swerdlow, R. H. (2017). Amyloid precursor protein
processing and bioenergetics. Brain Research Bulletin, vol. 133, pp.
71-79.

Wilms, H., Sievers, J., Rickert, U., Rostami-Yazdi, M., Mrowietz, U. and Lucius,
R. (2010). Dimethylfumarate inhibits microglial and astrocytic
inflammation by suppressing the synthesis of nitric oxide, IL-1beta,
TNF-alpha and IL-6 in an in vitro model of brain inflammation. Journal
of Neuroinflammation, vol. 7, pp. 30.

Wolf, S. A., Boddeke, H. W. and Kettenmann, H. (2017). Microglia in physiology
and disease. Annual Review of Physiology, vol. 79, pp. 619-643.

Wolfe, M. S., Bolduc, D. M., Montagna, D. R., Seghers, M. and Selkoe, D.J.
(2016). The amyloid- B generating TRI-PEPTIDE cleavage mechanism
of gamma-secretase: implications for Alzheimer’s disease. Alzheimer’s
Dementia.

Wong, T. W., Choo, C. Y. and lllyanie, Y. (2011). Antidiabetic Plants
Monographs: Outcome of Scientific Evaluation of Antidiabetic Plants.
Lambert Academic Publishing, Germany.

World Health Organization (WHO). (2019). WHO Global Report on Traditional
and Complementary Medicine 2019. Geneva: World Health
Organization.

Wu, J., Wang, A., Min, Z., Xiong, Y., Yan, Q., et al. (2011). Lipoxin A4 inhibits
the production of proinflammatory cytokines induced by beta-amyloid
in vitro and in vivo. Biochemical and Biophysical Research
Communications, vol. 408, pp. 382—-387.

Xia, Y., Yamagata, K. and Krukoff, T. L. (2006). Differential expression of the
CD14/TLR4 complex and inflammatory signaling molecules following
i.c.v. administration of LPS. Brain Research, pp. 85-95.

Yamamoto, M., Sato, S., Hemmi, H., Hoshino, K., Kaisho, T., Sanjo, H.,
Takeuchi, O., Sugiana, M., Okabe, M., Takeda, K. and Akira, S. (2003).
Role of Adaptor TRIF in the MyD88-Independent Toll-Like Receptor
Signaling Pathway. Science, vol. 301, no. 5633, pp. 640-643.

71



Yang, Z., Kuboyama, T. and Tohda, C. (2017). A Systemic Strategy for
Discovering a Therapeutic Drug for Alzheimer’s Disease and Its Target
Molecule. Frontiers in Pharmacology, vol. 8, no. 340.

Yao, Y., Cheng, X., Wang, L., Wang, S. and Ren, G. (2011). A determination
of potential a-glucosidase inhibitors from Azuki beans (Vigna
angularis). International Journal of Molecular Sciences, vol. 12, pp.
6445-6451.

Yiannopoulou, K. G. and Papageorgiou, S. G. (2013). Current and future
treatments for Alzheimer's disease. Therapeutic Advances in
Neurological Disorders, vol. 6, no. 1, pp. 19-33.

Yuan, H., Ma, Q., Ye, L. and Piao, G. (2016). The Traditional Medicine and
Modern Medicine from Natural Products. Molecules, vol. 21.

Zakaria, Z. A., Hussain, M. K., Mohamad, A. S., Abdullah, F. C. and Sulaiman,
M. R. (2012). Anti-Inflammatory Activity of the Aqueous Extract of Ficus
Deltoidea. Biological Research for Nursing, vol. 14, pp. 90-97.

Zhang, J., Zhen, Y. F., Pu-Bu-Ci-Ren, Song, L. G., Kong, W. N., et al. (2013).
Salidroside attenuates beta amyloid-induced cognitive deficits via
modulating oxidative stress and inflammatory mediators in rat
hippocampus. Behavioural Brain Research, vol. 244, pp. 70-81.

Zhang, J., Zheng, Y., Luo, Y., Du, Y., Zhang, X. and Fu, J. (2019). Curcumin
inhibits LPS-induced neuroinflammation by promoting microglial M2
polarization via TREM2/ TLR4/ NF-kB pathways in BV2 cells.
Molecular Immunology, vol. 116, pp. 29-37.

Zhang, X., Liu, T., Fan, X. and Ai, N. (2017). In silico modeling on ADME
properties of natural products: Classification models for blood-brain
barrier permeability, its application to traditional Chinese medicine and
in vitro experimental validation. Journal of Molecular Graphics and
Modelling, vol. 75, pp. 347-354.

Zhao, Q., Wang, Q., Wang, J., Tang, M., Huang, S., Peng, K., Han, Y., Zhang,
J., Liu, G., Fang, Q. and You, Z. (2019). Maternal immune activation-
induced PPARYy-dependent dysfunction of microglia associated with
neurogenic impairment and aberrant postnatal behaviors in offspring.
Neurobiology of Disease, vol. 125, pp. 1-13.

Zhao, Y. H., Abraham, M. H., Ibrahim, A., Fish, P. V., Cole, S., Lewis, M. L., de
Groot, M. J. and Reynolds, D. P. (2007). Predicting Penetration Across
the Blood-Brain Barrier from Simple Descriptors and Fragmentation
Schemes. Journal of Chemical Information and Modeling, vol. 47, no.
1, pp. 170-175.

Zhou, J., Deng, Y., Li, F., Yin, C., Shi, J. and Gong Q. (2019). Icariside Il
attenuates lipopolysaccharide-induced neuroinflammation through

72



inhibiting TLR4/MyD88/NF-kB pathway in rats. Biomedicine &
Pharmacotherapy, vol. 111, pp. 315-324.

Zunoliza, A., Khalid, H., Zhari, I., Rasadah, M. A., Mazura, M. P., Fadzureena,
J. and Rohana, S. (2009). Evaluation of extracts of leaf of three Ficus
deltoidea varieties for antioxidant activities and secondary metabolites.
Pharmacognosy Research, vol. 1, pp. 216-223.

73





