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(3) COMPUTATIONAL AND EXPERIMENTAL APPROACHES IN UNDERSTANDING THE THERAPEUTIC POTENTIAL OF Ficus deltoidea Jack LEAF EXTRACT ABSTRACT. Ficus deltoidea Jack of family Moraceae (FD) is a native shrub in Malaysia that are well known for its ethno-pharmaceutical and therapeutic properties. In this study,. a. computational and experimental approaches were adopted to unravel the therapeutic. ay. properties of the FD leaf. Initially, quality control and safety assessment on the FD leaf were undertaken. The findings from this analysis revealed that the FD leaf of high. al. quality, purity and abide by the safety requirements set by the regulatory body. FD leaf. M. was solvent extracted as 50% (v/v) ethanol water extract. Standardization using high performance liquid chromatography (HPLC) revealed vitexin and isovitexin as the. of. major chemical compounds in the FD leaf 50% (v/v) ethanol water extract. FD leaf 50%. ty. (v/v) ethanol water extract and its major chemical compounds (vitexin and isovitexin). si. were subjected to a selected panel of enzymatic inhibition assay, namely, α-amylase and. ve r. matrix metalloproteinases (MMP-2, MMP-8 and MMP-9). The results showed that FD leaf 50% (v/v) ethanol water extract, vitexin and isovitexin exhibited inhibition property. ni. against the selected enzyme panels. Then, computational analyses (molecular docking and molecular dynamic simulation) revealed the molecular interaction and ligand-. U. protein complex stability between vitexin and isovitexin against the selected enzyme panels. FD leaf 50% (v/v) ethanol water extract also showed antioxidant activity based on the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay and in vitro cytotoxicity based on 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) assay revealed the IC50 of the extract was at 221 µg/ml on EA.hy926 cells. FD leaf 50% (v/v) ethanol water extract also demonstrated cell migration inhibitory effect on EA.hy926 cells in a dose and time-dependent manner with the highest activity tested at 300 µg/ml after 24. iii. 

(4) hours treatment. The biological activity of FD leaf 50% (v/v) ethanol water extract was further studied using 2 types of in vivo animal models (healthy and streptozotocininduced diabetic Sprague-Dawley rats). Toxicology analysis was conducted at 1000 mg/kg of FD leaf 50% (v/v) ethanol water extract. Visual inspection, blood analysis and histology analysis revealed no acute toxicity of the leaf extract at the tested concentration. Wound healing activity of FD leaf 50% (v/v) ethanol water extract was. a. studied on both animal models. FD leaf 50% (v/v) ethanol water extract showed highest. ay. wound healing property at 100 mg/ml and the diabetic rat model showed faster wound closure rate compared to the healthy rat model. Finally, this study provided. al. comprehensive and valuable information on the potential of FD leaf extract for. M. therapeutic application especially for the wound healing in diabetic cases.. U. ni. ve r. si. ty. of. Keywords: Ficus deltoidea, Pharmacognosy, CADDs, in vitro, in vivo. iv. 

(5) PENDEKATAN PENGKOMPUTERAN DAN EKSPERIMENTAL UNTUK MEMAHAMI POTENSI THERAPEUTIK EKSTRAK DAUN Ficus deltoidea Jack ABSTRAK. Ficus deltoidea Jack dari keluarga Moraceae (FD) adalah tumbuhan yang terdapat di Malaysia yang terkenal dengan ciri-ciri etno-farmaseutikal dan terapeutiknya. Dalam. a. kajian ini, pendekatan pengkomputeran dan eksperimen telah digunakan untuk. ay. mengenalpasti sifat terapeutik daun FD. Pada mulanya, penilaian kualiti dan penilaian keselamatan daun FD telah dilaksanakan. Penemuan dari analisis ini mendedahkan. al. bahawa daun FD berkualiti tinggi, bersih dan mematuhi keperluan keselamatan yang. M. ditetapkan oleh badan kawal selia. Daun FD telak diekstrak dalam larutan air etanol 50% (v/v). Pemiawaian menggunakan kromatografi cecair prestasi tinggi (HPLC). of. mendedahkan bahawa viteksin dan isoviteksin sebagai bahan kimia utama dalam daun. ty. FD 50% (v/v) ekstrak air etanol. Ekstrak daun FD (v/v) air etanol 50% dan sebatian. si. kimia utama (viteksin dan isoviteksin) telah diuji pada satu panel asai perencatan enzim. ve r. yang disyorkan iaitu α-amilase dan matriks metalloproteinases (MMP-2, MMP-8 dan MMP-9). Keputusan dari ujian ini menunjukkan bahawa ekstrak daun FD 50% (v/v) air etanol, viteksin dan isoviteksin mempamerkan sifat penrencatan terhadap panel enzim. ni. yang dipilih. Kemudian, analisis pengkomputeran (molekul dok dan simulasi dinamik. U. molekul) mendedahkan interaksi molekul dan kestabilan kompleks protein ligan antara vitexin dan isoviteksin terhadap panel enzim yang dipilih. Ekstrak daun FD air etanol 50% (v/v) juga menunjukkan aktiviti antioksidan berdasarkan ujian 2,2-diphenyl-1picrylhydrazyl. (DPPH). dan. sitotoksisiti. in. vitro. berasaskan. ujian. 3-(4,5-. Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) yang mempamerkan IC50 ekstrak adalah pada 221 μg / ml terhadap sel EA.hy926. Ekstrak FD air ethanol 50% (v/v) juga menunjukkan kesan perencatan penghijrahan sel EA.hy926 pada dos. v. 

(6) dan masa bergantung pada cara dengan aktiviti tertinggi direkodkan pada 300 μg/ml selepas menjalani 24 jam rawatan. Aktiviti biologi daun FD 50% (v/v) ekstrak air etanol dikaji dengan lebih lanjut menggunakan 2 jenis dalam model haiwan in vivo (tikus Sprague-Dawley yang sihat dan yang diberikan streptozocin). Analisis toksikologi dilakukan pada ekstrak daun FD 50% (v/v) air ethanol pada kepekatan 1000 mg/kg. Pemeriksaan visual, analisis darah dan analisis histologi menunjukkan tiada ketoksikan. a. akut dihasilkan oleh ekstrak daun pada kepekatan yang diuji. Aktiviti penyembuhan. ay. daun FD 50% (v/v) ekstrak air etanol dikaji pada kedua-dua model haiwan. Ekstrak FD daun 50% (v/v) air etanol menunjukkan sifat penyembuhan luka tertinggi pada 100. al. mg/ml dengan model tikus diabetik menunjukkan kadar penyembuhan lebih cepat. M. berbanding dengan model tikus yang sihat. Konklusinya, kajian ini memberikan maklumat yang komprehensif dan berharga tentang potensi ekstrak daun FD untuk. of. aplikasi terapeutik terutama berkaitan penyembuhan luka dalam kes diabetes.. U. ni. ve r. si. ty. Kata-kunci: Ficus deltoidea, Farmakognosi, CADDs, in vitro, in vivo. vi. 
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(20) CHAPTER 1: INTRODUCTION. 1.1 Background Medicinal plants provide valuable source of pharmacologically active compounds. Many plants have been employed as natural remedies for certain diseases with evidences on its therapeutic activities proven through scientific studies. In. ay. drugs and Ficus deltoidea (FD) is one of the examples.. a. Malaysia, there are many promising medicinal plants that can be develop as herbal. al. Native to Southeast Asian countries such as Malaysia (Corner, 1969), Ficus deltoidea (FD) is a shrub that is gaining interest for its therapeutic properties.. M. Furthermore, FD is one of the 10 spotlight plants proposed by the Ministry of. of. Agriculture of Malaysia under the high value herbal products plan. FD contains interesting therapeutic potentials and is reputable as traditional medicines and. ty. supplements. In an ethno-pharmacological manner, FD leaf is widely used to treat labor. si. pain, toothache, pulmonary edema and blood pressure. Through scientific evidences,. ve r. FD was found to delivered various pharmacological effects such as anti-nociceptive activity (Sulaiman et al., 2008), antidiabetic activity (Adam et al., 2010; Misbah et al.,. ni. 2013), anti-melanogenic (Oh et al., 2011), antioxidant (Misbah et al., 2013), anti-. U. ulcerogenic (Zahra et al., 2009), anti-inflammatory (Abdullah et al., 2009),. antimicrobial, anti-cancer (Wei et al., 2011) and anti-hypertensive properties (Abdullah. et al., 2008; Razali et al., 2013). From the phytochemical aspects, FD was reported to have various polyphenolics, tannins, and flavonoids such as flavan-3-ol monomers, proanthocyanidins, and C-linked flavone glycosides (Abdullah et al., 2009; Omar et al., 2011), rutin, quercetin, naringenin (Ong et al., 2011) and lupeol (Suryati et al., 2011). Although the numbers of scientific evidences on FD therapeutic potential are increasing, the understanding of how the active compounds in FD act at molecular level 1. 

(21) seems to be lacking. Furthermore, every reported research regarding FD leaf extraction applying different extraction methods that extracted different phytochemicals leading to variation in FD leaf extracts bioactivity. In this study, a standardized procedure to extract therapeutic potential phytochemical based on 50% (v/v) ethanol water was organized according to the safety and guideline by World Health Organization (WHO, 2016) to ensure the safety, quality and repeatability of the extract.. a. In order to study the bioactivity of the standardized FD leaf extract, a panel of in. ay. vitro and in vivo experiments was conducted. In vitro antioxidant activity was studied. al. using 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, while the cytotoxicity was evaluated using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT). M. assay on EA.hy926 cells. The inhibitory effect of FD leaf 50% (v/v) ethanol water. of. extract, vitexin and isovitexin was also evaluated on EA.hy926 cells. To further analyse the pharmaceutical potential of FD leaf 50% (v/v) ethanol water extract and its major. ty. phytochemical compounds (vitexin and isovitexin), enzymatic inhibition activity was. si. studied against a selected panel of enzymes namely, α-amylase and matrix. ve r. metalloproteinases (MMPs: MMP2, MMP8 and MMP9). The α-amylase enzyme was selected as a known target in anti-diabetic treatment. While, MMPs especially MMP2,. ni. MM8 and MMP9 are known to involve in pathological conditions such as diabetes,. U. obesity, cancer and poor nutritional condition (Caley et al., 2015). Computational analysis such as molecular docking was conducted to the extract major phytochemical compounds (vitexin and isovitexin) against the selected enzymes complex to analyse the molecular interaction between the ligands to the enzymes. Additionally, molecular dynamics simulation was conducted to the ligand-protein complexes up to 20 ns to analyse the stability of the ligand-protein complexes. In vivo study was conducted using 2 types of animal models. The healthy Sprague-Dawley rats was used as one of the model animal in this study, while streptozotocin-induced diabetic Sprague-Dawley rats. 2. 

(22) was used to simulated diabetic condition. Acute toxicology test was conducted at 1000 mg/kg in the model animals and visual inspection was conducted for 14 days. At day 14 the animals were scarified for blood analysis and histological study. To analyse the wound healing capability of the FD leaf 50% (v/v) ethanol water extract, both animal models were induced with wound and were treated with the extract as well as the major phytochemical compounds of the extract (vitexin and isovitexin) for 14 days and the. a. rate of wound closure was measured.. ay. This thesis reports a comprehensive analysis combining both experimental and. al. computational techniques to explore the therapeutic properties of FD leaf extract. The results of this study would help to unravel the therapeutic potential of FD leaf extract. U. ni. ve r. si. ty. of. M. especially for the development of drugs targeting wound healing in diabetic patients.. 3. 

(23) 1.2 Research Questions The main research question in this study is to unravel the biological activities and therapeutic potential of FD leaf extract using computational and experimental approaches. 1.3 Research Objectives To answer the questions, three objectives were addressed:. ay. a. 1. To obtain pharmacognostical standardize FD leaf extracts. 2. To evaluate the enzymatic inhibition properties of FD leaf extract using. al. computational and experimental approaches.. M. 3. To investigate the biological properties of FD leaf 50 % (v/v) ethanol water. U. ni. ve r. si. ty. of. extract using in vitro and in vivo methods.. 4. 

(24) 1.4 Thesis Organization The content of the thesis is divided into several chapters: Chapter 1: Introduction, Chapter 2: Literature review, Chapter 3: Methodology, Chapters 4, 5 and 6: Results and discussion and Chapter 7: General Discussion and Conclusions. Chapter 1 described the introduction, research questions and objectives of this research. Chapter 2 elaborated on the literature reviews of the standardization, bioinformatics technique in. a. drug discovery, the potential of FD plant and MMPs related disease. Chapter 3. ay. explained the techniques used for plant preparation, standardization, computational and experimental approaches to unravel the therapeutic potential of FD. Results chapters 4,. al. 5 and 6 discussed the results and findings of the standardization, computational and. M. experimental procedures of understanding the therapeutic activities that FD delivers. Chapter 7 described the general discussions and conclusion from results that were. U. ni. ve r. si. ty. of. obtained throughout this study.. 5. 

(25) CHAPTER 2: LITERATURE REVIEW. 2.1 Medicinal plants Medicinal plants are plants with bioactive compounds that promote therapeutic activities. The field that studies the use of plant as traditional remedies is known as ethno-pharmacology (Mahmudur & Rafieian-Kopaei, 2017). Traditional used of plants can be traced back since the Sumerian civilization in which hundreds of plants are. a. inscribed on clay tablets (Petrosvska, 2012). Ancient Egyptians had described more than. ay. 850 medicinal plants in the Eber papyrus (Petrosvska, 2012). Pedanius, an ancient. al. Greek herbalist listed more than 1000 recipes of over 600 plants in his book, De materia. M. medica that are the basis of medicinal pharmacopeia (Anne, 2014).. Herbal medicines have been preferred by consumers worldwide as a source of. of. remedies (Wachtel-Galor & Benzie, 2011). Preparations of plant for medicinal purposes. ty. have been widely utilized for centuries, providing primary health care in most of the Asia regions (Chaudhury & Rafei, 2001). In developed countries, medicinal plants. si. incorporated with modern medical science are prepared as a part of complimentary. ve r. medical treatment (Pan et al., 2014) and being used as treatments for chronic diseases (Roy, 2010). Due to its chemical diversity, medicinal plants provide limitless. ni. opportunities in drug discovery and development. Although plants may bear potential as. U. therapeutic medicine, the bioactive compounds within them vary (Ekor, 2013). Several factors affect production of these active compounds such as environmental factors, climate, the soil used and others (WHO, 2005). Therefore, a guideline and standardized procedure of plant extraction must be prepared to bring the full potential of the plant medicinal values and to ensure the safety of the plant extract.. 6. 

(26) The term ‘standardization’ can be defined as collections of information obtained from various testing that involved various applications of quality control and assessment protocols (Garg et al., 2012). In other word, standardization of extraction procedure promised chemical consistency, therapeutic efficacy and reproducible pharmacological activity of the plant extract (Willard, 1996; Bauer, 1998; Page, 2001). Standardization data are associated with the pre- and post-harvesting data, such as how the plant is being. a. planted, harvested and stored (Bauer, 1998, WHO, 2016). The quality assessment and. ay. control are closely monitored to produce reliable and functioning extracts (Hildreth et al., 2007). Extraction procedure standardization is a first step to rationalize a. al. phytopharmaceutical product for consideration as drugs (Garg et al., 2012). Nowadays,. M. regulatory authorities emphasize the importance of medicinal plants being standardized, requiring the drug measurability and active ingredient being to be stated on the label as. of. stated by the World Health Organization guideline for pharmaceutical research (WHO,. ty. 2006). The guidelines involve evaluations of raw material, herbal preparation, safety. si. assessments, end products and stability of the finished products. As for the safety assessment, plants are introduced to tests that detect the content of microorganisms such. ve r. as food pathogens and opportunistic fungi. The end results of the standardization process will give valuables information on proper techniques in handling delicate herbal. ni. materials as well as provided reproducible result for further phytopharmaceutical. U. analysis (Evans, 1996; Kokate et al., 1999; Hyland, 2002; Garg et al., 2012). 2.2 Drug discovery and development from medicinal plants Currently, the hunt for new drug derived from medicinal plant is expanding. In general, the process of drug discovery from the medicinal plants (Figure 2.1) can be divided mainly into 3 groups which are the pre-drug, quasi-drug and full drug stage (Pan et al., 2013).. 7. 

(27) a ay al M of. U. ni. ve r. si. ty. Figure 2.1: Drug discovery process from medicinal plants source adopted from Pan et al. (2013). The steps involved are discovery and development of potential phytopharmaceutical compounds. The development pipeline involved validation of plant efficacy and safety which are important in the process of developing phytomedicines. Clinical sciences determine whether the phytomedicines are safe or hazardous for treatment of diseases in human.. 8. 

(28) Pre-drug phase is the initial stage of drug discovery in which selection of medicinal plants based on the pool and compilation of information available through scientific evidences (Pan et al., 2012). The medicinal potential of plants as a source for drug development is attaining interest and sought out by researchers leading to a diverse compilation of over 139000 natural products (Boopathy & Kathiresan, 2010). For instance, from 3000 traditional herbal medicines (THMs), a collection of 3563 extracts. a. and 5000 single compounds have been documented in China by 2007 (Deng, 2007),. ay. while in USA, a collection of more than 114000 extracts from 35000 plant samples that was documented before the 1990s (Boopathy & Kathiresan, 2010). These compounds. al. that were discovered and isolated are potential candidates for drug discovery. Clinical. M. evidences from the practice of THM eventually engage in the development of modern medicine in which in China alone, an estimated around 140 new drugs such as bicycol,. of. indirubin and anisodamine depends on the compounds either directly isolated from the. ty. extracts or chemically synthesized compounds during the clinical trials (Puopko et al.,. si. 2007; Xiang & Sheng, 2009).. The quasi-drug stage involves herbal preparation and efficacy testing based on. ve r. the phytochemicals available in plants (Sasidharan et al., 2011). In this phase, the use of modern and state-of-the art technology provided an in-depth understanding of the. ni. compounds extracted out from the plants. These metabolites hold vast potential as. U. therapeutic agents, such example includes the polysaccharides either mono or disaccharides accompanied together by glycosidic bonds delivers immune suppressing effects (Ramberg et al., 2010). Plants containing immunomodulatory polysaccharides are the Ganoderma lucidum (Xu et al., 2011), Acai berries (Holderness et al., 2011) and Cordyceps sp. (Xu et al., 2011). Another example is flavonoids, which available in almost all plants bear the potentiality in producing therapeutic effects to human. Research findings have proven that flavonoids such as flavones, isoflavone and. 9. 

(29) xanthone contribute significant outcomes as anti-oxidant, anti-proliferative, antidiabetic, anti-inflammatory and anti-hypertensive activities (Leornarduzzi et al., 2010; Holderness et al., 2011; Im et al., 2012; Prochazkova et al., 2011; Jӓger & Saaby, 2011). Plants collected over the harvesting period are dried either using oven or airdried technique. The dried raw materials will be transformed into fine powder and extracted following the desired solvents. Normally, water or organic solvents are. a. employed to make the extract. The extracted form of the plants will be introduced to. ay. spectrophotometric and chromatographic analysis to understand and unravel the compounds available in the plant extract. Following that is the isolation methods in. al. which the potential compounds will be isolated and purified for biological testing. To. M. summarize, this phase of drug discovery relies on the search of newly therapeutic potential of active ingredients that are available in plants for further drug development.. of. The full drug stage will take place after the quasi drug phase has been. ty. accomplished. In this phase, active ingredients of plants are being investigated through a series of biological testing. Designing a pre- and clinical research is important to. si. unravel the therapeutic properties of the desired plants’ active ingredient. In general,. ve r. there are several phases in the full drug stage. The preclinical phase utilized the testing of drug in non-human subject to understand the efficacy, kinetic and toxicity. ni. information (Umscheid et al., 2011). Phase 0 is the second step of the full drug stage. U. with the pharmacokinetics particularly the half-life of drug and oral bioavailability sets as the main goals (Editors, 2009). This phase enables the go/no-go decisions based on relevant human models instead of relying on the in vivo data which sometimes can be misleading. The next stage is the phase I, involving the testing of drugs on healthy volunteers to determine the dose ranging (Norfleet & Gad, 2009). Usually, around 20 up to 100 people are needed in this stage with approximately 70% of success rate. The doses are sub. 10. 

(30) therapeutic, but ascending throughout the research period. Phase II of drug research incorporated the patients as the main subjects to evaluate the efficacy of the drug used. Therapeutic doses are given to the patients (around 100-300 patients with specific diseases) are the success rate reported was found to be approximately 33 % (Friedman et al., 2015). Phase III involved a larger number of participants up to 3000 patients with specific diseases. The main goal of this phase is to understand the efficacy,. a. effectiveness and safety of the drug given for treatment (FDA, 2017). The patients will. ay. be monitored by clinical physician and researchers with success rate up to 30 % were reported. The last stage of full drug research is the phase IV, the post-marketing. al. surveillance period. During this phase, anyone seeking for the drug will be closely. M. monitored to watch the drug’s long-term effects. If the drug brings harmful effects to human during this phase, the drug will be withdrawn from the market and may result in. of. the drug no longer be sold or restricted for certain uses (FDA, 2017).. ty. 2.3 Bioinformatics and computational approaches in drug discovery process. si. Traditional approaches in finding new drug are time consuming and costly (Taylor, 2015). There are many challenges that researchers face when trying to come. ve r. out with compounds that can potentially be developed as drugs. The step-by-step process is highly competitive where the “winner takes it all” and the “loser loses it all”. ni. (Garnier, 2008; Iskar et al., 2012). The first to patent their findings for specialized. U. treatment will eminently benefits term of the gross revenue that they make from marketing the drug where the rest need to wait until the patent expired for them to partake in the largesse (Iskar et al., 2012). The increase demand and pressure in the race to discover new drugs are making the big companies to invest heavily in the research and development phase (Garnier, 2008). Most of these companies rely on potential accelerated phase in drug discovery (Whittaker, 2003). For example, the bioinformatics approaches are gaining interest due to the low risk involved and faster outcome. 11. 

(31) compared to the conventional procedures (Ortega et al., 2012). Prediction and identification of active compound candidates are among the major core of bioinformatics approaches. In fact, the computer-aided drug design was existed due to the high demand for the sophisticated and faster drug discovery tool (Song et al., 2009). Data mining and database can be used to determine the drug target identification (Chen & Chen 2008; Katara et al., 2011). Currently, the numbers of potential drug. a. targets have increased exponentially. Such example is the process of mining and. ay. warehousing data from the human genome sequence, which really help researchers in classifying the gene responsible to code a targeted protein (Yamanishi et al., 2010).. al. Furthermore, this technique helps researchers identify and validate new targets that. M. allow potential for new drugs (Ratti & Trist 2001; Gilbert et al., 2003; Whittaker, 2003). Researchers are blessed with the luxury of choices as new genes are identified. of. and becoming more data-intensive, allowing identification and analysis through. ty. bioinformatics pipeline that greatly improve the pharmaceutical companies to determine. si. drug candidates (Whittaker 2003; Ortega et al., 2012). The processes of drug validation through bioinformatics approaches provided. ve r. strategies based on algorithms so that prediction of a new drug target can be achieved, stored, and manage (Cheng et al., 2011). When potential candidates are identified,. ni. establish, and produces significant outcomes with targeted enzymes based on the. U. disease of interest (Barabasi et al., 2011; Billur et al., 2014). Such technique that can be used in determining, identify and validate potential candidate for drug discovery is the virtual screening technique (Katsila et al., 2016). Molecular docking in general is a prediction of a stable complex between the two molecules bonding at a preferred orientation (Yuriev et al., 2009). This method is used to predict and verify potential active compounds candidate with a specific targeted protein binding orientation. Available docking libraries and software such as Autodock. 12. 

(32) (Morris et al., 2009), AutoDock Vina (Trott & Olson, 2010) and Dock (Moustakas et al., 2006) enable the prediction of binding site, binding affinity of the ligand to the target protein leading to the discovery of new drug candidates (Kumar et al., 2012). Ligand obtained from database are in 3D configurations that can be manually generated using open source bioinformatics tool such as Vegazz (Pedretti et al., 2004) and Avogrado (Hanweel et al., 2012). Molecular docking provides references to researchers. a. on how two or more molecular structures such as macromolecules and potential drug or. ay. catalyst (ligand) match along to be a perfect fit (Gane & Dean, 2000). The most commonly used molecular docking technique is the protein-ligand based docking. This. al. docking technique predicts the biding orientation of potential drug candidates towards. interactions (Hakes et al., 2007).. M. the selected macromolecules by giving information on the affinity and molecular. of. AutoDock is a molecular docking suite consisting of automated docking tools.. ty. AutoDock is considered one of the best programs when it comes to docking and virtual. si. screening (Park et al., 2006). Consists of two main programs, AutoDock and AutoGrid, AutoDock docks the two molecules according to the grid, which is pre-calculated and. ve r. set by AutoGrid. Various possible problems must be resolved which includes missing atoms, chain breaks, and alternate locations before a protein can be used for AutoDock.. ni. These grids represent the energy calculations, and in their most basic form, the grid. U. stashes two types of potentials: the electrostatic and the van der Waals force. The grid was formulated so that the information about the receptor's energy contributions could be stored on grid points. This allowed the necessity of it being read only during ligand scoring. More options can be explored in AutoDock, and the options may vary depending on the complexes that are being docked and the complexity of the problem in hand. The application of docking in a targeted drug-delivery system brings benefit especially when it comes to the study of protein interactions. One can study the size,. 13. 

(33) shape, charge distribution, polarity, hydrogen bonding, and hydrophobic interactions of both ligand (drug) and receptor (target site). The benefits include identification of the target sites of the ligand in the selected protein, understanding the mechanism of different enzymes, and selecting the best fitted ligand based on the scoring feature provided by AutoDock. Traditional experimental methods for drug discovery is time consuming whereas the molecular docking helps in moving the process of computer-. a. aided drug designing faster and provides every conformation possible based on the. ay. receptor and ligand molecule.. Another useful computational approach that can be use in drug discovery is the. al. molecular dynamic simulations. In concept, molecular dynamic simulations stimulated. M. the existing natural molecular forces of protein structure (Hospital et al., 2015) within a time according to the Newton’s law of physics (DeVivo et al., 2016). Potentially, the. of. molecular dynamics promise fast processing of data using current technologies in. ty. graphical processing units (GPUs), using software codes and are surprisingly. si. affordable. Through utilizing the GPUs (Liu et al., 2008; Shan et al., 2011), researchers can observe the behavior of a compound with targeted enzyme during a period that can. ve r. be up to a few milliseconds. This provided opportunities to investigate and perform a thorough sampling of a conformational space, including large enzyme. In example, the. ni. complex of ligand and enzyme through molecular dynamics can describe the complete. U. pathway of the binding site (Gordon et al., 2016). Additional, the trajectory that the molecular dynamics made can be coupled with free energy which in return, will provide a free-energy profile of protein-ligand complex, with the kinetic and thermodynamic data being critically important for the process of drug discovery (Swope et al., 2004). GROMACS is one of the most widely used open-source and free software codes. in chemistry, used primarily for dynamical simulations of biomolecules. It provides a rich set of calculation types, preparation and analysis tools. GROMACS provided. 14. 

(34) information on the stability and movement rotation of the protein based on the rootmean-square deviation (RMSD) and fluctuation (RMSF), as well as the radius of gyration. The RMSD described the deviation of an atom superimposed with the selected proteins. At a defined average position, when a dynamical system fluctuates from the RMSD, it can be referred as the RMSF. The fluctuation size can be measured and analyzed to describe the physical information of the protein ligand complex. Radius of. a. gyration is the length that represents the distance in the protein complex between the. ay. point about which it is rotating and the point to or from which a transfer of energy has the maximum effect. On simpler term, the rotation of the protein-ligand complex can. al. also be measured using the GROMACS software. Altogether, these are among the key. M. data that GROMACS provides to describe the stability of the protein complex at a given time. These findings will benefits researcher in understanding the molecular behavior of. of. the drug candidates with selected protein under molecular dynamic simulations. ty. technique.. Integrating molecular dynamic simulations right after the docking procedure. si. allows a concise and better understanding of the ‘after effect’ of ligand docking and the. ve r. induced fit effect towards targeted proteins. It is beyond doubt that with the rise of technology, the computational methods provided a powerful insight for identification,. ni. discovery and optimization of the target drug molecules. The information coupled with. U. statistic and bioinformatics tool tremendously shed light to the pathophysiology of certain disease as well as revealing the potential target to be further validated through high throughput screening technologies.. 15. 

(35) 2.4 Ficus deltoidea Jack (Mas cotek) - a promising medicinal plant for wound healing Ficus deltoidea is a shrub from the family of Moraceae that are native to South East Asia regions including Malaysia. It is commonly known as Mas cotek in the Malay language and this mistletoe fig can reach up to 2 m in height with the leaf shaped. U. ni. ve r. si. ty. of. M. al. ay. a. characterized as a broadly spoon to obovate shape with 4-8 cm in diameter (Figure 2.2).. Figure 2.2: The leaf of Ficus deltoidea Jack. 16. 

(36) For many years, the FD plant was ethno-pharmacologically used as remedies to treat various diseases such as rheumatism, sores, and wound (Ong et al., 2011). It is also known to provide benefits for those who are dealing with afterbirth as it is believed to contract the vaginal and uterus muscle (Bunawan et al., 2014). Apart from that, the boiled leaf was used to traditional treats disorders involving diabetes, menstrual cycle and leucorrhoea (Burkill & Haniff, 1930). The fruits itself are also traditionally used as. a. cold, headache and toothache relief (Bunawan et al., 2014).. ay. Evaluation of the aqueous FD leaf extract on ferric reducing antioxidant potential (FRAP) assay and the total phenolic content by Omar et al. (2011) suggested. al. that the compounds in FD extract which is the proanthocyanidins and flavan-3-ol. M. monomers provided 85 % of the antioxidant activities. FD leaf was also reported to. of. have anticancer properties. Akhir et al. (2011) studied the activity of ethanol and aqueous extract of FD on the ovarian carcinoma cell line A2780. It was described. ty. through microscopic examination that both extracts showed different outcomes with the. si. ethanol extract abate the proliferation activity and the aqueous stimulate the cell. ve r. detachment. Another study by Oh et al. (2011) on B16F1 melanoma cells reported that FD possessed anti-melanogenic effects. The FD extract when applied on the. ni. Microphthalmia-associated transcription factor (MITF) expression showed decreasing. U. activity, suggesting that the FD extract having good potential to be a cosmeceutical agent. Hasham et al. (2013) described that FD extract can significantly obstruct the COX-2, IL-1α, IL-6, and TNF-α expression. FD extract was also reported to have antimicrobial activities. The FD leaf extract of methanol, chloroform and petroleum ether inhibits the growth of Helicobacter pylori (Uyub et al., 2010). The methanol extract was also found to hinder the growth of Bacillus subtilis (Jamal et al., 2011), Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Candida albicans (Samah et al., 2012).. 17. 

(37) As anti-diabetic agent, a study conducted by Adam et al. (2009) evaluates five different extracts and the fraction of FD to boost the basal and the insulin stimulated glucose uptake using Chang liver cell line. The finding suggested that apart from the petroleum ether, FD holds promising activity to promote the stimulation of basal and insulin stimulate glucose uptake and ethanol extract was mentioned to benefit the most in mimicking the insulin activity. Farsi et al. (2011) conducted an experiment using the. a. FD leaf extracted in a fraction of n-butanol and evaluated it using the α-amylase and α-. ay. glucosidase enzymes. It was shown that this fraction inhibits both enzymes that could benefit postprandial hyperglycemia. However, the compound that exhibited the. al. inhibition property was not clarified in this study. Darman et al. (2012) reported that no. M. significant changes in fasting blood glucose, renal and lipid profile of type 2 diabetic patients upon treatment with FD leaf extract, while, Kalman et al. (2013) reported FD. of. extract significantly reduced the lipid and glucose level in pre-diabetic adults.. ty. FD was also reported to be a potent anti-inflammatory agent. Zakaria et al.. si. (2011) carried out a study using the aqueous extract of FD leaf on the formalin,. ve r. granuloma, carrageenan-induced paw edema and cotton pellet-induced granuloma test. A dose dependent activity of the FD leaf extract was observed on all the tests studied,. ni. suggesting the potential of FD to treat various pain-associated inflammatory responses.. U. Abdullah et al. (2009) conducted an experiment to study the inflammatory responses triggered by the introduction of standardized extracts of different varieties of FD. The tests were TPA-induced edema, hyaluronidase and lipoxygnase, all are in-vitro assays in which the FD showed significant anti-inflammatory activities. As a pain reliever, FD leaf of aqueous extract was reported to have anti-nociceptive activity (Sulaiman et al., 2008). In this study, the stimuli were thermal and chemical nociception model and three different methods were used which is the formalin, hot plate and acetic acid-induced abdominal writhing test. The significant anti-nociceptive effect can be observed after 30. 18. 

(38) minutes prior to pain induction suggesting that FD could be a useful agent to treat pain. As anti-ulcerogenic agent, Zahra et al. (2009) evaluated the FD whole plant extract using the Sprague Dawley rats with gastric ulcer induced by ethanol. The observation showed that The FD extract showed dose dependent manner as anti-ulcerogenic agent proposing that FD has benefits in protection against ulcer. As a wound healing agent, Abdulla et al. (2010) evaluated the extract of FD on wounds in the Sprague Dawley. a. rats. Treatments were with placebo with 5% and 10% of the FD extract was shown to. ay. contribute faster compared to the blank placebo and negative control treatments. The outcome of this research showed that the wound treated with FD has decreased scar. al. formation alongside with more proliferation of the fibroblast and more collagen fiber in. Phytochemicals in FD. of. 2.4.1. M. the granulation tissue.. It has been reported that FD contains various phytochemicals and these. ty. compounds had been isolated and characterized from the leaf and the fruits (Figure 2.3).. si. For the leaf, Ong et al. (2011) described naringenin, quercetin and rutin as among the. ve r. flavonoids group available in the FD leaf. Moretenol was also shown to be available in the leaf as per isolated and identified by Mohd et al. (2009). Lupeol was also mentioned. ni. among the active triterpenoids available in the FD leaf (Surayti et al., 2009). Using. U. HPLC-MS methods, a throughout study on the FD leaf compounds revealed that numerous flavonoids are available in the aqueous extract (Omar et al., 2011). This report elaborated more than 25 flavonoids are existed and identified. The group of compounds existed in the aqueous extract were the Shikimic acid, monoterpenes, Sesquiterpenes, for the fig. For the leaf it consists of flavonoids, terpenes and triterpenes. As for the cell culture, rutin, naringenin and quercetin were the flavonoids available.. 19. 

(39) 20. Figure 2.3: FD chemical constituents. ve r. ni. U ty. si of ay. al. M. a. 

(40) 2.5. Wound healing physiology. 2.5.1 Angiogenesis Blood is an important component in human physiology. All living tissues rely on oxygen and nutrients that are supplied by blood through a massive circulation pathway called the blood vessel. The physiological process involved in forming blood vessels from the existing vascular is known as angiogenesis. Angiogenesis are formed throughout the human life cycle starting from the embryonic stage and continuing. ay. a. through old age. The process of forming new blood vessel through angiogenesis is regulated in a subtle manner involving the angiogenic factors, endothelial cell and the. M. of metabolites and nutrients to the tissue.. al. extracellular components. These capillaries formed are vital for the diffusion exchange. Comprehensively, angiogenesis plays an important role in human physiology. of. such as in wound healing process, reproduction, human growth and development.. ty. However, if the tightly regulated angiogenesis is disrupted, it may lead to several disorders such as vascular overgrowth and vascular insufficiency. Therefore, the control. si. of angiogenesis is recognized to have potential as therapeutic approaches in the. ve r. treatment of vascular related disease. For instance, when angiogenesis is stimulated, it helps in the treatment of heart disease and wound healing disorder. By decreasing or. ni. inhibiting angiogenesis, it can be a therapeutic value in treating disease such as cancer,. U. tumor, and rheumatoid arthritis. 2.5.2 Matrix metalloproteinases (MMPs) The initiation of angiogenesis is influenced by the pro-angiogenic factors such as the VEGF and bFGF triggered from the existing disease cell such as tumor or inflammatory cells. This process then leads to the activation the Matrix metalloproteinases (MMPs) from the endothelial cells. MMPs are a group of Zndependent endopeptidases (Verma & Hansch, 2007) with more than 25 members. The. 21. 

(41) members of this large family can be divided into collagenases (MMP-1, -8, and -13), gelatinases (MMP-2 and 9), stromelysins (MMP-3 and 10), matrilysins (MMP-7 and 26), and the membrane-type MMPs (MMP-14 to 17 and 24). In general, the enzymes degrade numerous extracellular matrix (ECM) proteins (Nagase et al., 2006) leading to the facilitation of cell migration. Furthermore, MMPs activities would release the membrane bound signaling molecules such as chemokines, cytokines and growth. a. factors (Sternlicht & Werb, 2001). Physiologically, MMPs involve in many biological. ay. processes such as embryogenesis, reproduction, angiogenesis, tissue remodeling and in various aspects of immunity (Balbin et al., 1998; Nguyen et al., 2001; Klein &. al. Birschoff, 2011). Under normal physiological conditions, the regulation of the MMPs. M. activities is precisely regulated by the level of transcription, interaction with specific ECM components and inhibition of endogenous inhibitors (Fanjul-Fernandez et al.,. of. 2010).. ty. Although the MMPs are tightly regulated in physiological condition, under. si. certain pathological condition these regulations can be disrupted. Elevated activity of. ve r. MMPs such as MMP-1, MMP-2, MMP-3, MMP-9, MMP-8 and MMP-10 was reported with the presence of chronic inflammation in diabetes, obesity, cancer and poor. ni. nutritional condition (Nwomeh et al., 1999; Krampert et al., 2004; Mulholland et al.,. U. 2005; Pirila et al., 2007; Danielsen et al., 2011). These MMPs activities were reported to cause problems such as slower healing rate, cancer metastasis and diabetic ulcer (Nwomeh et al., 1999; Krampert et al., 2004; Mulholland et al., 2005; Pirila et al., 2007, Danielsen et al., 2011). Inflammation process stimulates angiogenesis and tissue. remodeling, which contribute to cell migration (Wu et al., 2014). Many studies have shown that chronic inflammation stimulates proliferation and migration of cells due to the release of matrix metalloproteinases (MMPs) from the inflammatory cells (Garg et al., 2010).. 22. 

(42) 2.5.3 Normal and impaired wound healing process In the wound healing process (Figure 2.4), the matrix metalloproteinases (MMPs) are express rapidly. Activation of the MMPs within the skin is due to the responses of cytokines, hormones and other type of cells within the extracellular matrix. This triggered cell such as keratinocytes, fibroblast and anti-inflammatory cells like the monocytes, lymphocytes and macrophage to act upon being called. The first step is. a. rapid hemostasis where our blood vessel constricts (vasoconstriction) to prevent further. ay. blood loss. Next, inflammation occurs in which it signals our body to regenerate in which it releases healthy cells to migrate and proliferates to heal the wounded area.. al. Then, angiogenesis occurs where once the bleeding is under control, the process of. M. building tissues take place. The affected veins and arteries are replaced with new blood vessel with the signaling of chemical activating cascades in our body. Re-epithelization. of. happens once the veins reformed in which the epithelial cells (keratinocytes) will. ty. reproduce in the damages skin. Lastly, certain proteins produce blood clots to help. U. ni. ve r. si. further in preventing bleeding.. 23. 

(43) a ay al M of ty si ve r ni U. Figure 2.4: The wound healing process (Nguyen et al., 2016). The MMP enzymes involved heavily in the process of wound healing. MMP-2 and MMP-9 increased following the inflammatory phase of wound healing. For chronic wound, the production of MMP-8 decreased and MMP-9 increased.MMP-1, MMP-8, MMP-9 and MMP-13 increased production during the angiogenesis phase. In the remodeling phase, the production of MMP-1, MMP-2 and MMP-8 drops, leading to healed wound. 24. 

(44) In impaired healing process, the level of the tissue inhibitor of metalloproteinase (TIMPs) decreased, causing the excess MMPs cannot be inhibited (McCarty & Percival, 2013), thus promoting activities such as uncontrolled angiogenesis (Ikenaka et al., 2003; Seo et al., 2003), cell proliferative and prolonged inflammations. These disruptions will cause the normal physiology of wound healing leading to pathological wound healing disorder. For that reason, the importance of MMPs in the healing process. a. such as chronic wound is undeniable. Given that the impaired wound is associated with. ay. the rise of MMPs level, inhibition of the enzymes it is necessary to stabilize the. can take place.. M. 2.5.4 Wound healing disorder in diabetes. al. condition inside the extracellular matrix (ECM) so that normal wound healing process. of. Diabetes mellitus is a metabolic disorder that involved high blood sugar. Divided into three types, type 1, type 2 and gestational diabetes, diabetes is a common. ty. problem in developed countries. Commonly, type 1 diabetes (Insulin-dependent. si. Diabetes mellitus) is the inability of the pancreas to produce insulin which the main. ve r. caused is still unknown. For the type 2 diabetes (Non-insulin dependent Diabetes mellitus), it is caused by insulin resistance in which the cells failed to respond to insulin.. ni. Thirdly, gestational diabetes generally affected pregnant women with a history of. U. diabetes. As reported in 2014, almost 34 million people are affected by this problem with type 2 leading the percentage with a figure as big as 90%. Death related to diabetes also contributed to frightening figures up to 4.9 million per year with losses in economic globally up to $ 612 million USD in 2014 alone. This figure is expected to rise to 532 million by 2035 and the rate agonizingly high. Prevalence of diabetes in Malaysia is also surprisingly high. The ministry of health releases a report in which out of 30 million citizens in Malaysia, 3.2 million cases of diabetes are found in 2014.. 25. 

(45) In diabetes, the regulations of MMPs are disrupted and lead to wound healing disorder. Patients with diabetes are prone to wound healing disorder, where the wound heals slower compared to normal healthy people. When the level of glucose in blood increased, it will lead to micro and macrovascular compilations caused by the increase production of MMPs through oxidative stress. In this state, the MMPs activity increased, causing imbalance in the extracellular matrix and tendencies to develop. a. physiological abnormalities. These conditions led to tissue damaged and affected the. ay. wound healing process. Diabetic foot ulcer is among the example of side effects of this metabolic imbalance that are common in all ages in diabetic patient. Alteration of. al. MMPs happened in hyperglycemic condition increased the proteolytic environment.. M. Wound healing disorder in diabetes is suggested due to the increase proteolytic condition in which MMP-1, 2 ,8 and 9 were highly expressed leading to slower healing. of. rate of wounds. In comparison to normal wounds, chronic inflammation may produce. ty. 50-100 times higher neutrophil derived MMP-8. The imbalance condition of MMPs. si. provokes the white blood cell to continuously cause inflammation leading to wound healing disorder. Other evidences also point out that MMP-1, 8 and 9 are over. ve r. expressed in venous wound. For instance, the MMP-9 gene expression is altered causing the non-healing diabetic ulcer. The MMPs 2 and 9 play a crucial role in the. ni. mechanism of cell migration during the wound healing process (Caley et al., 2015). For. U. that reason, the importance of MMPs in the healing process such as chronic wound is undeniable. Given that the impaired wound is associated with the rise of MMPs level, inhibition of the enzymes it is necessary to stabilize the condition inside the extracellular matrix (ECM) so that normal wound healing process can take place. In severe cases, the wound becomes necrosis and amputation is necessary to prevent further damage. The scenario of wound healing in diabetic patient is different compared to the normal ones. It is a slow process and tends to worsen faster. Elevation of glucose. 26. 
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