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Scurrula ferruginea (Jack) Danser of Loranthaceae family is a hemi-parasitic shrub 

that grows on a dicotyledonous tree. Despite its traditional use for a long time in some 

disorders, there is very limited research on its bioactivities and phytochemistry, as 

well as, there is also no research concerning the influence of the host plants on the 

chemistry and bioactivity of S. ferruginea. The main purpose of this study was to 

evaluate the anti-inflammatory activity of S. ferruginea and the mechanism of action, 

as well as determine the relationship between the metabolites of S. ferruginea with its 

anti-inflammatory potency. The anti-inflammatory activity was assessed via inhibition 

of nitric oxide (NO) production in lipopolysaccharide (LPS) and interferon-γ (IFN-γ) 

induced RAW 264.7 macrophage cells. The air dried and freeze dried S. ferruginea 

parasitizing on Vitex negundo were investigated firstly. The results showed freeze 

drying was the most appropriate drying method for the anti-inflammatory activity. 

Subsequently, the anti-inflammatory ability was evaluated on the freeze dried leaves 

and stems of S. ferruginea parasitizing on three different hosts. The results showed 

that S. ferruginea stems parasitizing on Tecoma stans and Vitex negundo exhibited 

higher anti-inflammatory activity compared to the corresponding samples of 

harvesting from Micromelum minutum, and to the corresponding S. ferruginea leaf 

samples. Their IC50 values of the two S. ferruginea stems were 114.47 ± 2.96 and 

118.87 ± 2.31μg/mL, respectively. Then, the anti-inflammatory mechanism was 

deciphered through messenger Ribonucleic acid (mRNA) and protein expression of 

the inflammatory cytokines, including inducible nitric oxide synthase (iNOS), 

cyclooxygenase-2 (COX-2), interleukin (IL), and tumor necrosis factor (TNF). The 

techniques of reverse transcriptase and real time quantitative polymerase chain 

reactions (RT-PCR and qPCR) were employed. The stem of S. ferruginea hosted on 

Tecoma stans exerts anti-inflammatory capability attributed to the suppression of 

iNOS and IL-1β mRNA expression, as well as the protein production inhibition of IL-
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1β, IL-6, IL-10, and TNF-α besides NO secretion inhibition. Afterwards, the 

metabolite variation was examined using proton nuclear magnetic resonance (1H 

NMR) and liquid chromatography mass spectrometry (LC-MS) combined with 

multivariate data analysis (MVDA). The metabolomics approach was employed in 

evaluating the metabolite variation and its relationship with the anti-inflammatory 

activity. Principal component analysis (PCA) indicated clear discriminations among 

the different plant parts and host plants based on the identified metabolites. Quercitrin, 

4”-O-acetylquercitrin, catechin, gallic acid and chlorogenic acid, as well as alanine, 

valine, leucine, isoleucine, malic acid, succinic acid, citric acid, and acetic acid were 

found higher in the leaf extracts. While threonine, histidine, fumaric acid and choline 

were found present mainly in the stems. The stem of S. ferruginea-T. stans also 

possessed higher quercitrin, 4”-O-acetylquercitrin, catechin, valine, leucine, 

isoleucine, fumaric acid, gallic acid, chlorogenic acid, and sucrose than the stems of 

S. ferruginea-V. negundo and S. ferruginea-M. minutum. A correlation was observed 

from partial least square regression (PLS) model that the anti-inflammatory bioactivity 

might be associated with the presence of choline, isoleucine, catechin, leucine, and 

chlorogenic acid, as well as some unidentified metabolites such as ions mass m/z at 

369.1157, 401.0851, 431.1327, and 473.1794. Lastly, the bioactive-activity guided 

fractionation by liquid-liquid extraction on freeze-dried stem of S. ferruginea hosted 

on T. stans was carried out. The results showed that ethyl acetate fraction displayed 

the highest NO inhibition with 84.8 ± 1.45% at 200 μg/mL. Chloroform fraction 

displayed higher activity than n-butanol and ethyl acetate fractions at 50 μg/mL, but 

CHCl3 fraction showed more cytotoxicity towards the RAW 264.7 cells. The catechin 

was elucidated in the ethyl acetate fraction. This is the first report on the anti-

inflammatory activity of S. ferruginea parasitizing on different host plants, as well as 

the extensive study concerning its plant metabolites and their correlations with anti-

inflammatory property using metabolomics. The results of this study lay the 

foundation for in-depth study of S. ferruginea, and further understanding on the effect 

of host plants on the bioactivity of the hemiparasitic plant. 
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Scurrula ferruginea (Jack) Danser dari famili Loranthaceae adalah pokok renek 

separa-parasitik yang tumbuh di atas tumbuhan dikotiledon. Walaupun telah lama 

digunakan secara tradisi bagi  mengatasi beberapa masalah kesihatan, kajian saintifik 

ke atas bioaktiviti dan fitokimianya adalah sangat terhad, bahkan masih tiada 

penyelidikan membabitkan pengaruh hos pada aktiviti kimia serta biologi S. 

ferruginea Tujuan utama kajian ini adalah untuk menilai aktiviti anti-radang S. 

ferruginea dan mekanisme tindakannya, serta mengenalpasti potensi hubungan antara 

metabolit S. ferruginea terhadap anti-radang. Aktiviti anti-radang telah ditaksir 

melalui kesekatlakuan pengeluaran nitric oksida (NO) di dalam sel makrofag RAW 

264.7 teraruh dengan lipopolisakarida (LPS) dan inteferon-γ (IFN-γ). Penyelidikan 

dimulakan dengan pengeringan secara udara serta sejuk beku pada parasit S. 

ferruginea yang hidup di atas Vitex negundo. Dapatan menunjukkan sejuk beku adalah 

kaedah yang terbaik bagi keputusan aktiviti anti-radang. Kemudian, kajian diteruskan 

bagi meneliti kemampuan anti-radang pada daun dan batang S. ferruginea yang 

menjadi parasit ke atas tiga jenis hos yang berbeza.. Keputusan menunjukkan batang 

parasit S. ferruginea di atas Tecoma stans dan Vitex negundo yang telah disejuk-beku 

mempunyai aktiviti anti-radang yang lebih tinggi berbanding sampel daun. Nilai IC50 

bagi keduanya ialah 114.47 ± 2.96 dan 118.87 ± 2.31μg/mL Kemudian, mekanisme 

anti-radang telah didalami melalui utusan asid ribonuklik (mRNA) dan ekspresi protin 

bagi sitokin-sitokin radang, termasuk nitrik oksida induksi sintes (iNOS), 

siklooksigenes-2 (COX-2), interlukin (IL), dan faktor tumor nekrosis (TNF). Teknik 

transkriptes balikan dan kuantitatif waktu nyata tindak balas rantaian polimeres (RT-

PCR dan qPCR) juga telah digunakan. Batang S. ferruginea berhoskan Tecoma stans 

mempunyai kebolehan anti-radang melalui penekanan ekspresi iNOS dan IL-1β 

mRNA, serta kesekatlakuan pengeluaran protin terhadap IL-1β, IL-6, IL-10, dan TNF-

α disamping kesekatlakuan rembesan NO. Seterusnya, perbezaan metabolit diteliti 

menggunakan proton resonans magnetik nuklear (1H NMR) dan kromatografi cecair 
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dengan spektroskopi jisim (LC-MS) gabungan dengan analisis data multivariat  

(MVDA). Pendekatan metabolomik telah digunapakai bagi mengkaji variasi metabolit 

serta menghubungkait aktiviti anti-radang Analisa Komponen Prinsipal (PCA) dengan 

jelas menunjukkan diskriminasi antara bahagian tumbuhan dan pokok hos yang 

berbeza berdasarkan metabolit yang dikenalpasti. Kuersitrin, 4”-O-asetilkuersitrin, 

katekina, asid galik dan asid klorogenik, serta alanina, valina, leusin, isoleusin, asid 

malik, asid suksinik, asid sitrik dan asid asetik adalah lebih tinggi didalam ekstrak 

daun. Sementara treonina, histidin, asid fumarik dan kolin kebanyakannya dijumpai 

pada batang. Batang S. ferruginea-T. stans juga memiliki kuersitrin, 4”-O-

asetilkuersitrin, katekin, valina, leusin, isoleusin, asid fumarik, asid galik, asid 

klorogenik, serta sukrosa yang tinggi  dibandingkan dengan batang S. ferruginea-V. 

negundo and S. ferruginea-M. minutum. Pemerhatian korelasi dari model regresi 

Kuasa Dua Terpencil Separa (PLS) mencadangkan bioaktiviti bagi anti-radang 

berkemungkinan berkaitan dengan kehadiran kolin, isolusin, katekin, lusin, dan asid 

klorogenik, serta beberapa metabolit yang tidak dikenalpasti seperti ion berjisim m/z 

pada 369.1157, 401.0851, 431.1327, dan 473.1794. Akhir sekali, aktiviti bioaktif 

terfraksi dengan kaedah fraksi ekstrak “cecair-cecair” pada batang sejuk beku S. 

ferruginea berhos T. stans telah dijalankan. Keputusan mendapati fraksi etil asetat 

menunjukkan kesekatlakuan NO yang paling tinggi dengan 84. 8 ± 1.45% pada 200 

μg/mL. Fraksi klorofom pula menghasilkan aktiviti yang lebih tinggi berbanding n-

butanol dan fraksi etil asetat pada 50 μg/mL, namun begitu fraksi CHCl3 menunjukkan 

sitotoksik terhadap sel RAW 264.7. Katekin telah dielusidasikan di dalam fraksi etil 

asetat. Kajian ini merupakan laporan pertama aktiviti anti-radang parasit S. ferruginea 

pada hos tumbuhan yang berlainan, disamping kajian meluas pada metabolit 

tumbuhan dan korelasi sifat anti-radang menggunakan metabolomik. Hasil dapatan 

kajian mempamerkan asas yang mendalam untuk kajian S. ferruginea serta 

pemahamaman yang lebih baik mengenai kesan tumbuhan hos pada bioaktiviti 

tumbuhan separa-parasitik.  .  
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

Inflammation, as a part of the body’s innate immunity, belongs to one of the natural 

self-defense systems (Hong et al., 2015). It is a characteristically protective 

mechanism to guard the body as well as to facilitate the recovery process, which is 

sparked in response to noxious stimuli, trauma or infection (Nwaehujor et al., 2014). 

Inflammatory responses no matter acute or chronic play a crucial role to retain immune 

homeostasis (Hossen et al., 2015). Albeit reacting as a normal response, an 

inflammatory process is known in contributing and promoting numerous serious 

diseases such as cancers, stroke, diabetes, cardiovascular diseases, rheumatoid 

arthritis, and bronchitis (Heo et al., 2010). The disease process could be caused and 

aggravated by acutely and extremely induced, or chronically persistent inflammatory 

responses due to the complex mediators and events involved in the inflammatory 

reactions. Consequently, it is emphasized that regulating the inflammatory process is 

essential in preventing such illnesses (Yang et al., 2015). 

Normally, the inflammatory reactions are controlled and regulated by a series of 

cytokines and mediators involved in the process of the pro-inflammatory proteins 

down-regulations and the anti-inflammatory proteins up-regulations to consequent 

inflammatory restoration (Kim et al., 2008). In inflammation, the role of macrophages 

has been highlighted wherein in practice the inflammatory cellular model of 

RAW264.7 murine macrophage cell lines induced by lipopolysaccharide (LPS) is 

extensively used for the anti-inflammatory study of drugs, medicinal plant ingredient, 

and herbs (Yoon et al., 2009; Tan et al., 2015; Qin et al., 2010; Kim et al., 2008). The 

inflammation-related mediators and cytokines (such as nitric oxide, interleukin, 

interferon, tumor necrosis factor) are frequently chosen as parameters to evaluate and 

explain the anti-inflammatory effect of experimental samples. Inhibition of pro-

inflammatory mediators and cytokines following induction of macrophages is 

particularly regarded as the key target in the treatment of inflammatory ailments (Yang 

et al., 2015; Hong et al., 2015). Besides LPS, a number of immunological stimuli, such 

as interferon-γ (IFN-γ), interleukin-1, and tumor necrosis factor-α can also cause the 

expression of some inflammatory cytokines in macrophages (Chiou et al., 2000). IFN-

γ, originally called macrophage-activating factor, is one of the most potent activators 

of the nitric oxide synthase (iNOS) gene in murine macrophages (Kamijo et al., 1994). 

In triggering nitric oxide (NO) production, maximal stimulation of iNOS transcription 

requires “priming” and “triggering” stimuli (Schroder et al., 2004). LPS alone can 

trigger macrophages to a limited extent, while IFN-γ may prime the macrophages for 

more rapid and maximal response to LPS by promoting ligand-receptor interactions 

as well as a downstream signaling mechanism (Lowenstein et al., 1993; Schroder et 

al., 2004). 
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In recent years, focus on the use of the traditional herb as an alternative treatment has 

been revived all over the world. The study on natural product bioactivity is one of the 

major researches in drug discovery including for the potential anti-inflammatory 

substances. Scurrula ferruginea (Jack) Danser (synonym Loranthus ferrugineus 

Roxb.) of Loranthaceae family is a hemi-parasitic shrub that grows on a 

dicotyledonous tree and attaches itself to the host tree by modified roots named 

haustorium (Barlow, 1991). Scurrula ferruginea natural habitat is around Asian 

countries including Malaysia, China, Cambodia, Indonesia, Laos, Burma, the 

Philippines, Thailand, Vietnam, Sumatra, and India, as well as Australia and New 

Zealand (Wiart, 2012; Barlow, 1991). It is commonly known as Dedalu or Delalu Api 

in Malaysia, and ‘Xiu mao li guo ji sheng’ or ‘Dian nan ji sheng’ in China. In folk 

medicine, S. ferruginea is used in Malaysia to address for skin disorder, inflammation, 

and ulcer, as well as postpartum protective remedy and to treat malaria, wounds, and 

snakebite (Herbal Medicine Research Centre & Institute for Medical Research, 2002). 

As ‘Chinese Material Medica’ recorded, it is used to cure rheumatism, stroke, 

hemiplegia, and pain in the waist and knee. With respect to therapeutic effects, S. 

ferruginea is still in the exploration stage. For the past few years, besides its reputable 

usage as antioxidant, antiviral, antibacterial, and anticancer agent (Ameer et al., 2015; 

Lohézic-Le Dévéhat et al., 2002a; Marvibaigi et al., 2014), S. ferruginea has also 

shown remarkable activities for hypertension, cardiovascular and gastrointestinal 

disorders (Ameer et al., 2009a, 2009b, 2009c; 2010a, 2010b, 2010c). This plant is also 

applied for gerontology including as daily health protection and enhancement of 

memory (Ameer et al., 2015; Lim et al., 2016). Most members of Loranthaceae family, 

world widely known as mistletoes, have been intensively studied and long been 

widespread used in medicine. However, S. ferruginea has, despite its ethnomedicinal 

use, only been studied very limited.  

It should not be a neglected issue that growth of a hemiparasitic plant might be 

influenced by its host nature since it can survive through its own photosynthesis 

abilities but obtain nutrients and water from the host via its well-developed 

sophisticated system (Lim et al., 2016; Moghadamtousi et al., 2014). Although the 

mechanisms behind the processes are sparsely documented, some evidence suggested 

that the host plants might affect hemiparasite performance. It was reported that the 

types and levels of phytoconstituents and their biological activities of the mistletoe 

vary significantly due to the parasitizing on the different host species (Le et al., 2016a, 

2016b; Vicaş et al, 2011). 

The metabolites and biological activities of plant materials can have significant 

variation at the different plant parts (Marvibaigi et al., 2014; Ayouni et al., 2016), and 

also be substantially affected by the post-harvest processing, for example the drying 

method used. Drying treatment is a common method at the preservation of plant 

materials, which inhibits enzymatic degradation, hydrolysis and limits microbial 

growth by removing moisture contained in the plant tissue (Ratti, 2001). Different 

methods of drying have been developed and each method has its own characteristics 

(Ratti, 2001). Considering the sun or air-drying, water is commonly removed by 

evaporation. But, in the case of freeze-drying, botanical materials are first frozen and 

then water is removed by sublimation (Lin et al., 2012). There are various studies 
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reported regarding the influences of different drying methods on the level of the plant 

metabolites (Abascal et al., 2005; Borchani et al., 2011; Sogi et al., 2013). Therefore, 

depending on the plant samples, the effect of different drying methods should be 

evaluated and optimized.  

To use herbs for health care or therapy, the most conventional approach is to drink 

directly their water decoction. Water is one of the safest solvents in pharmacological 

research of in vivo and in vitro. Furthermore, an extensive range of plant components 

can be extracted into water. However, it also makes it difficult to discover specific 

active compounds. Alternatively, liquid-liquid partitioning can be carried out to 

improve the ascertainment of valuable metabolites (Kim et al., 2012; Wolfender et al., 

2013). An aqueous crude extract of plant samples is successively partitioned with 

different organic solvents to obtain the different polar fractions, respectively. This type 

of approach, in particular the bioactivity-guided fractionation procedure, is used for 

classical phytochemical investigation until a pure active component is attained 

(Wolfender et al., 2013; Mothana et al., 2012).  

As a holistic, comprehensive, and non-biased analytical approach in the identification 

and quantitation of metabolites, metabolomic techniques are rapidly developing into 

a prominent choice in many research aspects including biological and phytochemical 

studies. Plant metabolomics could provide information even at the most ‘functional’ 

level that can be used to monitor significant metabolite variations. Hence, this 

approach is suitable to evaluate the metabolite variety in certain plant species, 

investigate chemical differentiation in certain environments, or quantify the bioactive 

metabolites for medicinal plants (Wolfender et al., 2013). Integrating with various 

analytical platforms such as nuclear magnetic resonance (NMR) and liquid 

chromatography-mass spectrometry (LC-MS), comprehensive metabolic fingerprints 

could be achieved. Chemical variations of some secondary metabolites between plant 

extracts without chromatographic purification is possibly observed through 

metabolomics by means of the multivariate data analysis (MVDA) (Georgiev et al., 

2011). 

1.2 Problem Statements 

The high prevalence of inflammation problem leads to the imperious demands to find 

out alternative drugs from natural resources replacing the synthetic ones. Despite a 

long time traditional uses in treating some disorders, there is very little scientific 

evidence on the ethnomedicinal use of S. ferruginea, specifically on its use for 

conditions related to inflammation. Additionally, very little is known about the 

chemistry of the plant and likewise, very little is known about the bioactive 

constituents. Moreover, there are many claims but a paucity of scientific evidence on 

the uses of S. ferruginea from different hosts in treating different diseases. There is 

also no research concerning how does the host plant affects (if any) the chemistry and 

bioactivity of S. ferruginea.  
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1.3 Research Objectives 

1.3.1 General Objective 

In consideration of the aforementioned problems, the present study was designed and 

performed with the general objective to investigate the possible anti-inflammatory 

activity of S. ferruginea harvested from three different host plants. Furthermore, with 

the aid of metabolomics, this study is aimed to interrogate the exogenic influence of 

different host plants on anti-inflammatory activity of S. ferruginea, towards further 

understanding the effect of host plants on the bioactivity of this hemi-parasitic plant. 

1.3.2 Specific Objectives 

The current study was carried out to solve the issues main in four aspects, which 

included anti-inflammatory activity evaluation, anti-inflammatory mechanism study, 

phytochemical investigation, and relationship analysis between metabolites and 

bioactivity of S. ferruginea. To address the issues, several specific objectives were 

proposed. The first part of the study aimed to investigate the anti-inflammatory 

activity of aqueous extracts of S. ferruginea parasitizing on three host plants via nitric 

oxide (NO) inhibitory experiment in vitro. The optimization of the drying method was 

firstly executed by comparing two types of methods, which were air- and freeze-dry. 

The dried leaves and stems of S. ferruginea using optimized drying method were then 

extracted with deionized water to evaluate the effect of different plant parts from 

different host plants on the anti-inflammatory activity. In the second part, the most 

active aqueous extract of S. ferruginea part from the most active host plant was chosen 

to decipher the possible anti-inflammatory mechanism through the inhibition of 

inflammatory cytokines at messenger Ribonucleic acid (mRNA) and protein levels 

expression. Besides, the aqueous extract with the highest activity was also selected to 

do bioactivity-guided fractionation by liquid-liquid extraction in order to discover 

easily the bioactive compounds from bioactive fractions. Additionally, the study was 

carried out regarding S. ferruginea phytochemical components and their correlations 

with anti-inflammatory activity using NMR- and LCMS-based metabolomics. The 

relationship between the metabolite profiles of S. ferruginea with its anti-

inflammatory potency was determined. Furthermore the structures of the 

phytochemical markers were elucidated. In particular, in view of the hemi-parasitic 

characteristic of S. ferruginea, the exogenic effects of the host plants on its anti-

inflammatory property were distinguished. 

The five specific objectives are presented as follow: 

1. To evaluate the effect of different drying methods on the anti-inflammatory 

activity of S. ferruginea. 

2. To compare the anti-inflammatory abilities of leaves and stems of S. ferruginea 

collected from three different host plants (i.e. Vitex negundo L., Micromelum 

minutum (G. Forst.) Wight & Arn., and Tecoma stans (L.) Juss ex HBK). 
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3. To decipher the possible mechanism of the anti-inflammatory property of the 

most active S. ferruginea sample. 

4. To attempt to seek for the phytochemical compounds of S. ferruginea with 

anti-inflammatory property by bioactivity-guided liquid-liquid fractionation 

procedure. 

5. To evaluate the influence of different extracts of S. ferruginea on 

phytochemical constituents and the correlation with anti-inflammatory activity, 

as well as to elucidate the chemical markers using 1H NMR- and LCMS - based 

metabolomics. 
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