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Abstract 

This research project involves the chemical profiling of anti-Alzheimer’s active 

compounds from the Fijian plant, Ficus barclayana using advanced chromatography, 

mass spectrometry and NMR techniques. A potentially new compound with possible 

anti-Alzheimer’s properties has been previously isolated from Ficus barclayana, which 

has been shown to reduce tau protein aggregation. Tau protein aggregation in the brain 

is a hall mark of Alzheimer’s disease. The compound which has never been identified 

was initially extracted and isolated from the plant using methanol and 

dichloromethane, and semi-purified using a modified Kupchan1 liquid-liquid 

partitioning scheme, with further purifications by HPLC and analysed by HR-LCMS and 

NMR. Due to low amount of sample, the compound could not be identified. This work 

is a follow up of that initial project where extracts from the same plant genus have 

been received from the Fiji Islands and was repurified using bioassay guided 

fractionation to get the target compounds in good yield so that structural analysis and 

tau-aggregation inhibition assays can be completed. Tau aggregation inhibition assay 

was carried out at Tau Rx Therapeutics, Aberdeen. There was a total of 382 masses 

found from the Kupchan fractions of FH, FD, FM, WW and WB, and 88 masses found in 

the pure compounds, which had a quality score of more than 40%, as shown in the 

appendix section Table A16-A19. Six compounds showed activity for the anti-cancer 

and anti-Alzheimer's screening, as shown in Chapter 4 in Tables 3 and 4, with 

compound FH5 being the most active. Two compounds were dereplicated through 1D 

and 2D NMR analysis with a partial structure proposed as shown in Chapter 4 as 

Figures 33 & 34. Further purification methods, such as HPLC, need to be performed to 

determine the complete structures of these compounds. 
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CHAPTER ONE 

1.0 Introduction 

This chapter will cover what Alzheimer's disease (AD) is, the symptoms and diagnosis 

of Alzheimer's disease, and the treatment of Alzheimer's disease. It will also cover 

what bioassay is and why it is important. 

1.1 What is Alzheimer’s disease 

Alzheimer's disease is a brain disorder that gets worse over time. It is characterised by 

changes in the brain that lead to deposits of specific proteins, causing the brain to 

shrink and brain cells to die. Alzheimer's disease is the most common cause of 

dementia, which causes a gradual decline in memory, thinking, behaviour and social 

skills2. Alzheimer's disease is defined by the formation of intraneuronal neurofibrillary 

tangles, which the tangles are formed by tau protein, which accumulates in 

neurodegenerative disorders. Alzheimer's is defined by the formation of intraneuronal 

neurofibrillary tangles, which accumulate to form paired helical filaments (PHF) or 

related straight filaments 3. The Tau protein is a microtubule-binding protein 

accumulating in neurodegenerative disorders like frontotemporal dementia and 

Alzheimer's. The accumulation of tau protein correlates with neuron loss and memory 

deficits, which are called tauopathies4. There are currently 50 million AD patients 

around the world, with this figure projecting to double every 5 years, reaching 150 

million AD patients by 20505. The economic and human costs of AD represent a global 

burden costing around 1 trillion US dollars annually, whilst being a burden on the 

individuals affected AD and their families5.  
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Figure 1 shows the risks factors for AD5. 

 

1.2 Symptoms/diagnosis of AD 

Diagnosing a patient with Alzheimer’s Disease (AD) involves a series of assessments, 

including magnetic resonance imaging (MRI) to assess neurons, neurological 

examinations, and laboratory tests such as complete blood count, thyroid function 

tests, and vitamin B12 levels. Optional laboratory examinations, such as sedimentation 

rate or urine drug screening, may be performed6. Studies suggest that vitamin B12 

deficiency is strongly associated with neurological disorders and an increased risk of 

AD. Diagnosing B12 deficiency involves measuring serum B12 levels, serum 

homocysteine, and an extensive blood count4. The clinical diagnostic criteria for AD 

were introduced in 1984 by the National Institute of Neurological and Communicative 

Disorders and Stroke (NINCDS), which formed a workgroup with the Alzheimer’s 

Disease and Related Disorders Association (ADRDA) (NINCDS-ADRDA)5. This criterion 

was updated in 2011 with two categories of AD biomarkers. The first category contains 
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markers of brain amyloids, detected by positron emission tomography (PET) and 

cerebrospinal fluid (CFS) analysis. The second includes markers of neuronal damage 

such as cerebrospinal fluid tau, magnetic resonance imaging (MRI) to measure atrophy 

and fluorodeoxyglucose (FDG) to measure metabolic activity4. Alzheimer’s Disease is 

clinically classified into four stages: (1) pre-clinical, (2) the mild/early stage of AD, (3) 

moderate AD stage, and (4) severe AD or late stage5. The pre-clinical stage can last 

several years and is characterised by mild memory loss and early pathological changes 

in the hippocampus and cortex5. At this stage, daily activities, clinical signs, and 

symptoms of AD are unaffected. Symptoms show up during the early or mild stage 

through disorientation of place and time, loss of memory, loss of concentration, and 

the development of depression in a patient's daily life5. As AD progresses to the 

moderate stage, the disease spreads to the cerebral cortex area, which causes 

increased memory loss, impaired impulse control, and challenges with reading, 

speaking, and writing. This causes a cognitive impairment in which the AD patient 

cannot recognise family members, thus leading to the patient’s death because of 

difficulties in swallowing, urinating, and becoming bedridden5.  

AD involves two types of neuropathological changes, positive and negative lesions, 

which both provide symptoms and disease progress. The positive lesions are caused by 

an accumulation of neurofibrillary tangles, amyloid plaques, dystrophic neurites, 

neuropil threads, and other deposits found in the brains of AD patient7. The negative 

lesions are characterised by the loss of neural, neuropil, and synapses found in AD 

patients. The synaptic loss is a result of axonal transport defects, oxidative stress, and 

mitochondrial damage, which contribute to minor fractions such as the build-up of Aβ 

and tau at the synaptic sites8. Therefore, dendritic spines, pre-synaptic terminals and 
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axonal structures are eventually lost. While the underlying causes of pathological 

changes in AD are still unknown, two primary hypotheses have been proposed, the first 

suggesting that there is an impairment in the cholinergic function, a risk factor in AD. In 

contrast, the second hypothesis is an alteration in amyloid β-protein production and 

processing9. 

1.3 Treatments of AD 

The treatment of AD includes two classes of drugs, which are antagonists to N-methyl 

d-aspartate (NMDA) and inhibitors to cholinesterase enzymes, which are both effective 

at treating AD symptoms but not good enough to cure or prevent them. The cholinergic 

hypothesis states that AD is primarily caused by a decrease in acetylcholine (Ach) 

synthesis, as this can be used to enhance the cholinergic levels in the brain by 

suppressing the biological activity of acetylcholinesterase (AChE)10. Therefore, these 

drugs inhibit AChE, breaking down Ach, allowing the AChE inhibitors to increase the 

concentration of ACh, which increases the function of neural cell10. The four commonly 

prescribed drugs to treat AD are Donepezil, galantamine, rivastigmine, and memantine 

as they have been developed from cholinesterase enzyme (ChE) 10. At higher doses, the 

effectiveness of the drugs becomes limited and dose-associated side effects are shown. 

Donepezil is used to treat mild to moderate AD and was approved in 1996, whilst 

presenting side effects such as insomnia, diarrhoea, muscle cramps and muscle 

weakness10. Donepezil works at the molecular and cellular levels in all the 

pathogenesis stages of AD and the neurotransmitter level. This includes inhibiting 

glutamate-induced excitotoxicity and reducing oxidative stress-induced effects10. The 

key issue with donepezil is its inability to interact with the oxyanion hole or the 

catalytic triad. Phenserine, tolserine, and eseroline are derived from Physostigmine and 
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are the next-generation ChE inhibitors. Phenserine showed moderate success when 

tested for AD, as it improved memory and learning in aged dogs and rats during initial 

phase clinical trials10. Phenserine was used to treat AD because of its dual anti-Aβ and 

anti-AChE effects. It was also used to treat cognitive impairments induced by traumatic 

brain injury in mice in 2016 11.  

The difference in structure between phenserine and tolserine is the presence of the 2-

methyl group in its phenylcarbamoyl moiety, as shown in Figure 3. Tolserine has a 

higher potency against hAChE than phenserine or Physostigmine, with the side effects 

or benefits of tolserine unclear in clinical and preclinical models12. Eseroline is a 

metabolite of Physostigmine, and its effects on AChE inhabitation are limited and 

reversed compared to physostigmine12.  The cyclic alkyl carbamate derived from 

eseroline, shown in Figure 3, is effective against AChE with higher selectivity than 

BChE13. 

The other treatment for AD is N-methyl d-aspartate (NMDA) antagonists as it has a role 

in the pathophysiology of AD, with its stimulation resulting in Ca2+ influx that activates 

signal transduction, and the gene transcription is triggered for the formation of long-

term potentiation (LTP) 14. Long-term potentiation (LTP) formation is important due to 

synaptic neurotransmission, plasticity, and memory formation. The major component 

of neurofibrillary tangle (NFT) is tau, which has a role in the pathological of AD, as tau 

(axonal protein) is engaged in the stability of microtubules and the regulation of 

synaptic functions14. Tau is needed for the induction of long-term depression (LTD) and 

the activation of the postsynaptic density (PSD) for Fyn-mediated 

NMDAR14.   Overactivation of NMDARs leads to overstimulation of glutamate and 

abnormal levels of Ca2+, which leads to a decline in cognitive functions and the death of 
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neural cells14.  The glutamate-induced excitotoxicity is inhibited by the reduction of tau, 

as confirmed by the study, whereas it is exacerbated by overexpression of tau 15. Most 

of the NMDAR uncompetitive antagonists sent to trials have mostly been failures 

because of their lower efficacy and side effects, with memantine the only approved 

drug used to treat AD from this category14. 

 

 

 

Figure 2 shows Traditional cholinesterase inhibitors. The molecular structures of (A) 

physostigmine, (B) tacrine, (C) donepezil, (D) rivastigmine, (E) galantamine and (F) 

metrifonate. 
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Figure 3 shows structures of (A) phenserine, (B) tolserine and (C) eseroline. The circle 

indicates the active moiety of eseroline. 

1.4 Bioassay 

Biological assay or bioassay is defined as “Analysis (of a drug) to quantify the biological 

activity or activities of one or more components by determining its capacity to produce 

an expected biological activity on a culture of living cells (in vitro) or on test organisms 

(in vivo), expressed in terms of units” 16. The bioassay can be performed directly or 

indirectly; as with the direct assay, the response must be distinct and unambiguous, 

with the exact amount of the substance required for a response that can be measured 

and recorded16. As for the indirect bioassays, the magnitude of responses for nominally 
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equal reference concentration and test preparations are compared instead of just 

testing the reference concentration required for a specific response16. In-vivo, in-vitro, 

and ex-vivo are some of the employed bioassay methods. In vivo, study involves testing 

living subjects such as animals, plants, or cells, whereas in vitro refers to experiments 

with one on cells, tissues or biological components removed from the living 

organism(s) of interest17. Ex-vivo is the medical procedure where an organ, cells, or 

tissues are taken away from a living body for treatment, which is then returned to the 

living body18.  

The biological activity or potency is the specific ability of a product to achieve a defined 

biological effect, which is considered a critical quality attribute (CQA) 19. The potency 

assay is crucial for the development of registration19. The IC50 is the half-maximal 

inhibitory concentration used for in-vitro measures to evaluate the therapeutic 

potential of a monoclonal antibody or ligand trap20. This means it shows how much of a 

specific pharmacologic agent is required to inhibit a given biological activity by half, 

relying on whole cell systems to obtain IC50 values20.  The IC50 values give potency 

information, which is required for evaluating therapeutics that target pathways with 

few components20.  

1.5 Research statement 

Natural products hold many attractive properties for pharmaceutical use, such as being 

a starting point for further drug development or the creation of new medicines. Ficus 

barclayana is a species of the Fig tree, native to tropical regions of Asia, particularly in 

Fiji, and belongs to the Moraceae family. Some examples of compounds previously 

isolated are psoralen (Figure 4), isoflavonoids, flavonoids, tannins and terpenoids. Ficus 

barclayana is a tree-like plant from Fiji, belonging to the Moraceae family, and it has 
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medicinal properties, such as relieving stomach pains and treating sore legs, swellings, 

and inflamed eyes. Ficus barclayana extract and compounds have been shown to 

inhibit tau aggregation in unpublished previous works. This project will review all the 

samples worked up before and new samples received from Fiji to identify active 

components. The project involves close collaboration with TauRx Therapeutics 

(industrial partner) for biological assays and testing of extracts, fractions, and individual 

components to identify the active compounds and their potential activity mode. 

OO O

Psoralen
 

Figure 4 shows the structure of Psoralen. 

1.6 Aim and Objectives 

The aim of this research is to chemical profile the anti-Alzheimer active compounds 

from the plant Ficus barclayana. The objective of this research is to: 

1. To fractionate crude extracts of Ficus barclayana using liquid-liquid partitioning 

techniques 

2. To chemically profile compounds in fractions using 1H NMR and high-resolution mass 

spectrometry 

3. To determine chemical structures of pure compounds using LC-HRMS/Ms and 1D 

and 2D NMR if compounds deemed pure enough 

4. To screen extracts and pure compounds for tau-aggregation inhibition activity 
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CHAPTER TWO 

2.0 Literature review of Ficus 

The aim of this chapter is to review the literature on medicinal plants in general and on 

Ficus, as well as the work that has already been carried out. 

2.1History of natural products for drug discovery 

The background of the uses of natural products for medical uses was discovered 

through natural sources, such as plants, animals or micro-organisms, and precedes 

recorded human history by thousands of years21.  Natural products for medicine and 

health have been vital for humans since their early ancestor's days, as they chewed on 

herbs to relieve pain21. There are six classes of new chemical entities (NCEs): botanical 

sources, fungi, bacteria, and marine sources22. Modern pharmaceutical chemists added 

two categories of man-made substances: synthetic chemistry and combinatorial 

chemistry22.  One of the most used pain relief drugs in the world is Acetylsalicylic acid 

(Aspirin), which is found in the bark and leaves of the willow and many other popular 

trees23. The ancient Sumerians and Egyptians, along with Hippocrates, Celsus, Pliny the 

Elder, Dioscorides, and Galen, utilised natural products as remedies for pain, fever, and 

inflammation23. In 1763, Edward Stone reported the first successful clinical trial of the 

treatment of malarial fever with the willow bark23. Aspirin, when synthesised from 

salicylic acid through acetylation with acetic anhydride, appears odourless and 

colourless to white crystals 24. 

After the synthesis of Aspirin, Salicin (2) is isolated from the bark of the willow tree 

Salix alba L25. Morphine (3) was derived from the plant P. somniferum, which was 

boiled in acetic anhydride to yield diacetylmorphine (heroin) and converted to codeine 
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25. Digitoxin (4), derived from the plant Digitalis purpurea L. (foxglove), is used in this 

method for the management of congestive heart failure and improving the strength of 

cardiac contractibility25. The antimalarial drug quinine (5) is also isolated from the bark 

of Cinchona succuba Pav. Ex Klotsch has been used for centuries to treat malaria, fever, 

and cancer25. Pilocarpine (6), found in Pilocarpus jaborandi (Rutaceae), is an L-

histidine-derived alkaloid used to treat glaucoma for over 100 years25. 

Another example of a natural product used for drug discovery comes from the work 

carried out by Friedrich Wilhelm Sertürner, a German pharmacist who isolated 

morphine from opium as it was the first pure, naturally derived medicine in1805 

21.  Purified natural products are preferred over crude extracts as ingredients to make 

drugs, and the elucidation of the molecular structures is preferred over isolating them 

from natural sources, which reduces the cost of drug production21. Because of 

Friedrich's work, 60% of the readily available drugs, such as "s.artemisinin, 

camptothecin, lovastatin, maytansine, paclitaxel, penicillin, reserpine and silibinin", 

were derived from natural products directly or indirectly26. Many natural products 

contribute to human health due to the long history of co-evolution within biological 

communities, which is the "interacting organisms that evolved in close proximity to one 

another developed compounds that could influence the biological processes of 

neighbouring species" 21. The advantage of these compounds is that they can become a 

trait that natural selection could act on, thus improving and retaining throughout 

evolution.  For example, certain plant chemicals have evolved to defend against 

herbivores, and they are now utilised in humans as laxatives, emetics, cardiotonic, or 

muscle relaxant 27. 
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Figure 5 shows Acetylsalicylic acid (1), Salicin (2), Morphine (3), Digitoxin (4), Quinine 

(5) and Pilocarpine (6). 
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2.2 Challenges of natural products drug discovery 

Natural products have problems such as molecular complexity, poor water solubility, 

poor absorption, poor distribution, poor metabolism, low bioavailability, and poor 

stability. Natural products have complex and highly intricate structures that can be 

difficult to synthesize or modify chemically; for example, the bulk stability of isolated 

products may be inadequate28. Another limitation is that isolating a natural product 

from its natural source, purifying it, and performing subsequent bioassay is expensive 

and time-consuming 29. A further limitation would be that the stability of natural 

products within their source organism may affect the identification, isolation and 

purification of bioactive molecules for application in drug discovery 29. 

 

2.3 Advantages of natural products for drug discovery 

The advantages of natural products in drug discovery outweigh their limitations. They 

provide both chemical diversity and biological potency, with the resources remaining 

unexplored from the marine environment30. As recent reviews have shown, natural 

products have a hit rate that is 100 times higher than that of synthetic compounds30. 

Natural product databases contain more scaffolding, which has a proportion of ring 

systems not found in other drug databases. This promises new starting points in drug 

discovery30. Additionally, combining biotransformation techniques, combinatorial 

biosynthesis, and combinatorial chemistry further improves the structural diversity of 

natural product libraries30. The manipulation of natural product biosynthesis can yield 

new derivatives with good qualities and quantities, which impacts our understanding of 

natural product production30. 
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Natural products have contributed to discovering and understanding the targets and 

pathways involved in disease processes. For instance, the protein-protein complexes β-

catenin in the WNT pathway and HIF-1/p300 have been validated as anticancer targets 

and pathways30. Natural products present additional drug targets that can be identified 

and exploited in these pathways. For example, the discovery of aspirin's anti-

inflammatory mechanism of action led to the identification of the cyclooxygenase 

isozymes COX-1 and COX-230. 

Many microbial natural products have entered the market without needing any 

chemical modifications30. Examples include the antibacterial agents erythromycin A, 

vancomycin, penicillin G, streptomycin, and tetracycline, as well as the antifungal 

agents amphotericin B and griseofulvin30. These examples show the capability of 

microorganisms to produce small molecules that resemble drugs30. 

2.4 Anticancer screening 

Historically, anticancer screening strategies were used in vitro assays to identify agents 

with nonspecific growth-inhibitory or cytotoxic activities. In contrast, modern 

approaches screen for specific pharmacological properties using high-throughput 

technologies31. This means that drugs are now selected based on their pharmacological 

mechanism of action, such as molecular targets specific to cancer cells, which are not 

present in normal tissues and can be identified and used to screen drug libraries31.  The 

advantage of the MTT assay is its accuracy, rapidity, and relative simplicity, which 

makes it commonly used in cytotoxicity studies 32. The MTT assay used in this 

experiment is a colorimetric viability assay based on enzyme reduction the MTT 

molecule to formazan when it is exposed to viable cells32. There is a colour change of 

the MTT molecule when the outcome is a reduction, and absorbance measurements 
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relative to a control determine the percentage of remaining viable cancer cells32.  The 

treatment has varying concentrations of a tested compound that is translated to the 

compound anticancer activity and its IC50 values32. 

The MTT colorimetric assay is conducted in a 96-well plate format, as the cells may 

require preincubation depending on cell line properties, which can vary from 0-24 

hours before the addition of the tested drug32. The MTT solution is then added to the 

treated cells, where the yellow MTT is reduced to purple formazan by mitochondrial 

and cytosolic enzymes that are active in viable cells. The absorbance indicates the 

amount of viable cells which remained after treatment with the drug and is compared 

to the absorbance of control cells not exposed to the drug, with the drug analysed by 

software that provides the IC5032.  

 

2.5 Historical background of Ficus 

The Genus Ficus has about 900 species of trees, shrubs, and vines that belong to the 

family of Moraceae, primarily native to tropical areas of East Asia33. There are 500 Ficus 

species in the Asian–Australasian region, whereas the Ficus species are fewer in Africa 

and the Neotropics, with approximately 110 and 130 species, respectively34. Ficus 

carica Linn is the most popular member of the genus Ficus, which is native to the Sub-

Himalayan tract, Bengal, and central India. It is known by more than 135 names34. It’s 

used to cure diabetes and respiratory, gastrointestinal, reproductive, and infectious 

diseases34.  

Phytochemicals are chemicals that plants produce, and they contain coumarins, 

flavonoids, sterols, triterpenoids, and anthocyanins in various parts of the plan35. The 

phytochemical research of Ficus carica led “to the isolation of phytosterols, 



28 
 

anthocyanins, amino acids, organic acids, fatty acids, phenolic components, 

hydrocarbons, aliphatic alcohols, and volatile compounds”, as shown in Figure 635. The 

phytoconstituents of Ficus carica are used in producing sunscreen and colouring agents 

as they also show pharmacological properties such as antioxidant, anticancer, and anti-

inflammatory 35. Rubnov et al.  2001 reported that a mixture of 6-O-acyl-β-D-glucosyl-

β-sitosterol found in Ficus carica Linn resin was the potent cytotoxic agent for 

anticancer activity36. The natural and synthetic compound in vitro inhibitory affected 

various cancer cell lines36.  

Extracts from the fruits, roots, and leaves of Ficus have been widely used in traditional 

medicine as they are biologically active against metabolic, gastrointestinal, respiratory, 

inflammatory, and cardiovascular disorders, as reported in studies35. Yang et al., 2010 

developed a method from the leaves of Ficus carica Linn. to study the ultrasonic-

assisted extraction of total flavonoids for activities against the hydroxyl and superoxide 

anion free radicals37. Also, Yang et al., 2010 took figinI and figinII from the leaves of the 

fig with an antifungal activity using ion exchange chromatography from the lower 

molecular weight extract of Ficus carica Linn leaves, which had antibacterial and 

antifungal activities against different types of microorganism37. 

In the study of Patil et al. 2011, he reported that the extracts from the leaves of Ficus 

carica Linn showed anti-inflammatory effects for the petroleum ether (PEE), chloroform 

(CE), and ethanol (EE) extracts38. The study used carrageenan-induced rat paw edema 

and cotton pellet granuloma that exhibit maximum anti-inflammatory effects of 

“75.90% in acute inflammation, and chronic studies showed a 71.66% reduction in 

granuloma weight”38.  The petroleum ether (PEE), chloroform (CE), and ethanol (EE) 

extracts showed more anti-inflammatory effect than the standard drug Indomethacin, 
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as these extracts showed “reduced carrageenan-induced paw edema and cotton pellet 

granuloma in rats38. 
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Figure 6 shows the Chemical structures of compounds from Ficus carica. 

2.6 Historical background and research of Ficus barclayana 

Ficus barclayana is a species of the Fig tree, native to tropical regions of Asia, 

particularly in Fiji and it belongs to the Moraceae family. Some examples of compounds 

previously isolated are psoralen which has shown moderate to strong inhibitory activity 

against AChE, isoflavonoids, flavonoids, tannins and Triterpenoids such as oleanolic 

acid as shown in figure 7. 
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Figure 7 shows the structure of oleanolic acid. 

Ficus barclayana is a tree-like plant from Fiji, belonging to the Moraceae family which 

has medicinal properties, such as relieving stomach pains and treating sore legs, 

swellings, and inflamed eyes. Ficus barclayana extract and compounds has been shown 

to inhibit tau aggregation in unpublished previous works. This project will relook at all 

the samples worked up before and new samples received from Fiji to identify active 

components. The project involves close collaboration with Tau Rx39 Therapeutics 

(industrial partner) for biological assays and testing of extracts, fractions, and individual 

components to identify the active compounds and their potential mode of activities. 

2.7 Strategies for drug discovery in natural products 

The primary strategy for drug discovery is to isolate, extract, and purify the samples, as 

it happened for the first time in 1806, which was the beginning of natural products of 

the chemical stage when the monomer of morphine was isolated for the first time from 

the poppy 40. Firstly, the samples are to be collected and then extracted using solvents 

that depend on the type of compound based on solvent polarities. Next is the 
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fractionation step, where samples with similar polarities or molecular sizes from the 

extracts are grouped using techniques such as column chromatography, solid phase 

extraction (SPE), liquid-liquid extraction such as Kupchan method1 and size exclusion 

chromatography (SEC)41. The extracts are then tested for pharmacological activity, with 

positive results, leading to isolating the lead compound from the extract for further 

drug development40. More natural products have been isolated from medicinal plants, 

such as caffeine in 1821, nicotine in 1828, and atropine in 1831 40. In the 1940s, Robert 

Burns was the first to introduce a physical means of identifying the structure of natural 

products, as this significantly improved the future work done for researching the 

structure of compounds42.  He was also responsible for synthesising quinine, 

cholesterol, cortisone, chlorophyll and reserpine, which helped the total synthesis of 

organic natural products, as shown in Figure 543. 

 

 

 

Figure 8 shows the strategy of information-based drug discovery of natural products40. 
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2.7.1 Berberine 

Berberine (BRB) is used as an antibacterial drug for treating infectious enteritis and 

bacillary dysentery, as Birdsall found that BRB is the primary practical component of 

Coptis chinensis44. Modern pharmacology research on BRB shows that it exhibits good 

activity for treating cardiovascular diseases, Alzheimer's disease, and cancer 44. During 

a screening for novel cholesterol-lowering agents, BRB was found to increase low-

density lipoprotein receptor (LDLR) expression in HepG2 cells, with further research 

confirming its potential to effectively reduce blood lipid lipids45. Berberine can protect 

the central nervous system by reducing Aβ deposition, as it alleviates AD by decreasing 

Tau hyperphosphorylation and increasing Tau autophagy clearance46. 

2.7.2 High throughput screening (HTS) 

High throughput screening (HTS) technologies are currently being used because of the 

smaller masses (micrograms) of the compound needed for testing, as this is important 

for compounds of natural products that are difficult to isolate and purify40. The first 

successful drug discovery using HTS technology is the protein tyrosine phosphatase 1B 

(PTP1B) inhibitor from Broussonetia papyrifera40. HTS uses the microplate for the 

experimental tool carrier, with an automated operating system for the experimental 

process, as data is collected at molecular and cellular levels using instruments that are 

sensitive and rapid for detection47.  HTS is performed in 96-well or 384-well plates, 

which makes it effective for gene function because it injects the gene directly into the 

gene expression products or the cell40. 
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2.7.3 High-content screening 

Following the rise of HTS technology, High-content screening (HCS) uses a high-

resolution cell imaging system that fully “integrates sample preparation technology, 

automation equipment, data management system, and detection reagents”48. It is a 

technology that uses cells as detection objects, records the images of cells using multi-

well plates using the microscopic imaging method, and analyses the activity of 

intracellular components49. From a single experiment, HCS technology can obtain 

information from pharmacological activity about the potential toxic effects of drugs 

and new techniques for drug effects 40. 

2.7.4 Computer-aided drug development 

For the development of drug designs and methods, the tools and software used are 

virtual screening, bioinformatics, and artificial intelligence 40. Examples of structure-

based drug designs are HIV protease inhibitors, Indinavir and Darunavir40. Donepezil is 

discovered as a ligand-based drug design, which is used for the treatment of 

Alzheimer’s disease (AD) 40. Natural products have multi-functional and multi-target 

characteristics, which make the target protein challenging to determine. Thus, 

bioinformatics is used to solve this problem40. Virtual screening (VS) improves the 

efficiency of lead compounds that are discovered due to the fact that it reduces the 

cost of screening and the number of compounds that are  screened50.  The technology 

uses the database of small molecules to match compounds and is based on the three-

dimensional structure of target enzymes, receptors or ion channels40. 
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2.8 Structural elucidation techniques 

2.8.1 Spectroscopic analytical techniques 

After the isolation process of natural products, as explained in Chapter 2.7, the next 

step is the spectroscopic analytical techniques of the obtained pure compounds. The 

molecular structures are elucidated using techniques such as liquid chromatography-

mass spectrometry (LC-MS), high-resolution mass spectrometry (HRMS), gas 

chromatography-mass spectroscopy (GC-MS), nuclear magnetic resonance (NMR), 

infrared spectra (IR), X-ray crystallography, and CD spectroscopy51. LC-MS and GC-MS 

predict the molecular mass and purity of the isolated metabolites. In contrast, the 

high-resolution mass spectrometry data analysis gives you the molecular formula and 

the predicted structure of the metabolites using software tools such as SIRIUS and 

MetaboScape51. The final confirmation of the predicted structure is analysed using the 

NMR data from 1H NMR, 13C NMR, COSY, HSQC, HMBC, NOESY, and TOCSY51. The 1H 

NMR and 13C NMR can detect the types of protons and carbon. At the same time, two-

dimensional NMR is used for larger and more complex molecules as it has more 

resolution to assign the structure of natural compounds compared to 1D NMR52. The 

1H NMR and 13C NMR spectra show information about an unknown compound's 

qualitative and quantitative composition, which is used to determine the molecular 

formula53.  The Heteronuclear Single Quantum Coherence (HSQC) spectrum shows the 

resonance of 1JCH couplings between 13C nuclei and protons attached to the 

corresponding atoms, which allows for the detection of all the CH, CH2 and CH3 groups 

with the chemical shift assignments53. The Correlation Spectroscopy (COSY) shows the 

homonuclear correlations (spin couplings) between vicinal hydrogens separated by 
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three bonds (3JHH), which makes it possible to identify the neighbouring carbon atoms 

connected by a chemical bond53. The Total Correlation Spectroscopy (TOCSY) allows 

you to obtain one sub-spectra for different coupled proton sequences in a molecule53. 

The Heteronuclear Multiple-Bond Coherence (HMBC) shows the heteronuclear 

correlations between 1H and 13C (15N) nuclei separated by two or three bonds, which 

allows for detecting fragments around a given carbon or nitrogen atom53. No method 

will help show which of the 1H and 13C are separated by two bonds and which by three 

bonds, which is why the HMBC information is fuzzy53.  The NOESY/ROESY shows the 

coupling between hydrogen atoms separated in space by a distance of <5 Å.  This is 

used to determine the stereochemistry of an elucidated structure and to clarify the 

positions of substituents if the data from HMBC and COSY does not allow to do so53. 

The NOESY/ROESY spectra data is not used to assemble the structure53.  The standard 

correlation is the COSY and HMBC correlation that does not exceed three bonds, with 

correlations longer than the three bonds referred to as non-standard correlation (NSCs) 

53. It is difficult to detect the NSCs in their number and lengths in HMBC and COSY 

spectra, which makes their information contradictory53. 

 



36 
 

 

Figure 9 shows the stages of structural elucidation strategy on natural products54. 

2.8.2 Natural product database 

The natural product database provides information about natural products and their 

derivatives, including their structure, source, and mechanism of action, which is helpful 

for modern drug discovery55.  There are four ways of searching for natural products 

from the database: by name/ID, properties, similarities, and substructure 56.  The 

search by name requires the name of the compound, the Supernatural ID or a natural 

product supplier ID, which will allow you to access that compound on the database56. 

When searched by the property of the compound, this includes “the molecular weight, 

the topological polar surface area (TPSA), logP, hydrogen bond acceptor (HBA), 

hydrogen bond donor (HBD), types of bonds (rotatable bonds, amide bonds), types of 

atoms (hetero atoms, heavy atoms), stereocenters, and different ring types (aromatic, 

saturated and aliphatic)” 56. It also allows you to search for the toxicity classification of 

each compound using the ProTox-II method when the compound is searched for by its 

properties 56. When the compound is searched for by its similarities, there are four 

ways in which users can search by using the PubChem name to search for a small 
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molecule structure, as PubChem has 60 million unique chemical structures and 157 

million depositor-provided chemical substance descriptions57. Another source where 

you can upload molecules to search for similarities is SMILES (Simplified Molecular-

Input Line-Entry System), where the corresponding molecular structure will be 

displayed and integrated into ChemDoodle structure viewer 56.  This allows for 

modifying the structure by adding or deleting atoms, and it is possible to draw out the 

molecular structure using the tools provided56. Also, the Tanimoto coefficient allows 

you to measure the similarities between a Tanimoto similarity of natural compounds 

from the database and the identical structures of compounds 56. Lastly, the search by 

the substructures through the database shows all the specified substructures with a 

Tanimoto similarity of 1.0, with one being most similar and 0 being dissimilar56. 

2.9 Dereplication of natural products 

Dereplication uses chromatographic and spectroscopic analysis to recognise previously 

isolated substances in an extract. It can identify ubiquitous interfering compounds such 

as fatty acids or saponins58. Dereplication has three pillars: molecular structures, 

spectroscopy, and taxonomy59. Furthermore, dereplication can be used to identify 

multiple extracts or fractions that contain the same active profile, as this will help 

prioritise the extracts and fractions for chemical isolation58. Dereplication relies on 

analytical methods such as Mass spectrometry (MS) and Nuclear Magnetic Resonance 

(NMR) in natural products60. Mass spectrometry is highly sensitive but gives limited 

information for structure elucidation. In contrast, NMR is poorly sensitive but is 

quantitative and gives detailed structural features, as no analytical technique would 

combine both advantages of NMR and MS 60.  
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Dereplication in natural products is carried out using a combination of High-

Performance Liquid Chromatography and Mass spectrometry, which allows the 

measurement of the mass spectra from the isolation of pure compounds of the LC-MS 

sequence60.  Specialised databases allow molecular structures to be proposed from the 

mass spectral data in the research field of marine products60. Centrifugal partition 

chromatography (CPC) is a preparative separation method that allows for the isolation 

of pure compounds compatible with 13C NMR spectroscopy and biological activity 

research, as these require milligrams of the pure compound60. 

DEREP-NP is a database that uses 65 structural fragments that are present in 229 358 

natural product structures, which are derived from plants, animals, and 

microorganisms, as shown in Figure 761. It was published in 2013 and is available in the 

non-proprietary Universal Natural Products Database (UNPD)61. It works through the 

analysis of NMR or MS data by counting the number of times one or more structural 

features occur in an unknown compound, which it then matches and confirms through 

a literature comparison of the spectroscopic data to the matching structure if it is the 

same compound61. ChemSpider is another database for the dereplication of natural 

products using NMR data. It has 22 million diverse compounds, of which Williams and 

his co-workers created 61. 
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Figure 10 shows the relationship between different spaces involved in natural 

product60. 

 

 

Figure 11 shows how DEREP-NP works61. 
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CHAPTER THREE 

3.0 Methods 

3.1 Sample collection and extraction 

Plant samples used in this project were collected and taxonomically identified at the 

University of the South Pacific, Fiji. They were then soaked in methanol (3x) followed 

by dichloromethane (3x), dried using a rotary evaporator, packed, and sent to UCLan, 

UK. At UCLan, this sample was semi-purified using a combination of wet chemistry 

methods, including liquid-liquid partitioning, size exclusion, and solid-phase extraction 

techniques. These methods helped simplified the complexity of the sample based on 

polarity and molecular sizes. 

3.2 Kupchan fraction 

The modified Kupchan method1 involves dissolving the crude extract with water and 

partitioning it with dichloromethane (DCM) in a 100 mL separating funnel. Deionised 

water was be added to the sample so the polar molecules can dissolve into it. The 

funnel was then to be closed and mixed. This created a separation between the more 

polar and nonpolar compounds. The DCM fraction containing the more nonpolar 

solvents was then be extracted from the funnel into a 250 mL round bottom flask for 

rotary evaporation at 39oC and 180 rpm, then used for later partitioning. The partition 

extraction was repeated twice with DCM. Secondary butanol was then be added to the 

water fraction. The two fractions separated into 250 mL round bottom flasks and 

labelled as FW for the water fraction and FB for the secondary butanol fraction. The 

remaining solid from the DCM was then dissolved in 90% methanol-water (50 mL) and 

partitioned with hexane. The hexane fraction was removed into a 250 mL round 
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bottom flask and labelled FH. The 90% MeOH-water fraction was then phase-adjusted 

to 50% methanol-water and partitioned with DCM, as the remaining fractions were 

extracted and labelled as FD for the DCM fraction and FM for the 50% methanol-water 

fraction. All fractions were analysed by proton nuclear magnetic resonance 

spectroscopy (NMR) and high-resolution mass spectrometry (LC-MS/MS). 

 

 

Figure 12 shows the Kupchan fractionation method1. 

3.3 Size exclusion chromatography (SEC) fractionation and isolation 

Sephadex LH-2062 size exclusion chromatography (SEC) was applied to fractions FM, FD, 

FH, WW, and WB using different solvent systems. After cleaning the gel, the first step 

was to clean up the column and condition the Sephadex LH-2062 with 100% MeOH. The 

next step was to prepare the solvent system for FM; it was a 1:1 ratio of CH3CN and 

MeOH. Load the gel into the column using 100% MeOH, then load the sample 

dissolved in 100% MeOH. Elute the sample using 1:1 MeOH/CH3CN and the flow rate 
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adjusted to 1 mL per minute. The WB and WW fractions were purified using the same 

solvent system as the FM fraction. The FD fraction was purified using a 60:40 solvent 

system of MeOH/CH3CN, and the FH fraction was purified using a 70:30 solvent system 

of MeOH/CH3CN. Each eluted fraction was collected into a plastic vial of 5 mL labelled 

s1-s14, depending on how many were collected, and similar fractions were then pooled 

together based on UV absorbance and colour.  All fractions were dried and analysed 

using proton nuclear magnetic resonance spectroscopy (NMR) and high-resolution 

mass spectrometry (LC-MS/MS). 

Further size exclusion column chromatography was done on samples that showed 

promising 1H NMR resonance peaks that weren’t 100% pure, using the same 

procedures as described here. 

3.4 Nuclear magnetic resonance (NMR) 

Nuclear magnetic resonance spectra (1D and 2D) allow the construction of the 

proposed structure with data generated by sets 1D NMR experiment: 1H, 13C, DEPT-135 

followed by 2D experiments: Double Quantum Filtered COSY (DQF-COSY), Edited 

Heteronuclear Single Quantum Correlation (HSQC), and Heteronuclear Multiple 

Quantum Correlation (HMBC). The proton NMR spectra were collected on the 400MHz 

Bruker at the UCLan main campus, with Methanol D4 used as the solvent. The 2D NMR 

data were measured at the University of Edinburgh using the 800MHz Bruker, and the 

result was sent back to UCLan. The chemical shift values were referenced with the 

CD3OD solvent. The experimental analysis for the 2D NMR for compounds FH4, FH5, 

FM7 and FM9 were as COSY (10 min), HSQC-Edited (20 min), HSQC-TOCSY (40 min), 

ROESY (30 min), and HMBC (60 min) ran on each compound. The samples were 

prepared in the NMR tube with a volume of 300uL. The 1D and 2D NMR spectra were 
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analysed using the Advanced Chemistry Development (ACD/Labs)63 software and the 

Mestrelab (Mnova)64 software for the structural analysis. 

3.5 Liquid Chromatography-mass spectrometry (LC-MS) 

Liquid Chromatography-mass spectrometry (LC-MS) analysis allows the determination 

of molecular mass and formula and the elucidation of the molecular structures through 

mass fragmentation data. The process occurred at the University of Central Lancashire 

(UCLAN) in the JB Firth building, Lab number JBF014 Analytical Service Lab. All LC-

HRMS analysis were carried out on an Agilent 1290 LC system with a DAD coupled to an 

Agilent 6546 LC-QTOF equipped with dual spray jet stream technology electrospray ion 

source (AJS). The Kupchan1 fractions (FM, FH, FD, WB and WW) were prepared by 

diluting them to 100x by dissolving them in LCMS grade MeOH. For instance, the 

weight of the FH compound was 52mg; this was dissolved in 1 uL of MeOH to make it 

52mg/uL. This was then further diluted to 100x by taking 10uL of the sample and 

adding 990uL of MeOH, which makes this 0.5mg/uL. This is the required concentration 

so that the compound is detected and not to saturate the detector. The solvent 

composition system used was 100% water as A and 100% acetonitrile as B at a pressure 

of 1100 bar and a flow rate of 0.4 mL/min. The standard conditioning at 0 min started 

with 80% of solvent A and 20% of solvent; at 20 and 25 min, it was 0% for solvent A and 

100% for solvent B and at 27 and 32 min, the conditioning of solvent A was 80% and 

20% for solvent B. The instrument parameters were 320oC for the gas temperature, gas 

flow at 8 I/min, and Nebulizer at 35 psi. The temperature control mode was set to 40oC, 

and the reference masses used in the positive mode were 121.05087300, 

322.04812100 and 922.00979800. The blank sample was first injected into the LCMS, 

followed by reserpine, and then, the compound was injected last. The data for the 
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LCMS analysis was processed using the Agilent MassHunter Qualitative Analysis65 

software and the ACD/Spectrus Processor 202363 software, which will be explained in 

Chapter 3.6.  

3.6 Data processing 

The raw data of all the LCMS compounds and blanks were exported to Microsoft Excel 

as CSV (Comma-Separated Values), allowing the files to be processed. For the Agilent 

software65, the parameters used for the data processing is that the relative height was 

2.5%, the absolute height was set to 500000, and the quality score used was equal to 

or above 70%. The retention time was restricted to only between 2.00-20.00 minutes. 

A combination of four blank libraries was pooled into a single Excel spreadsheet file, 

which was used to exclude masses within five ppm tolerance in the isolated fractions. 

The remaining masses of the fractions were divided into known and unknown 

compounds. 

3.7 Dereplication process 

 An in-house library was created containing 18 known compounds previously isolated 

from Ficus and reported in the literature and accessed via the National Library of 

Medicine (PubMed Central) database. Database is important for dereplication 

purposes so that I could focus only on the unknown compounds after identifying the 

known compounds. To illustrate relationship between molecular mass and polarity a 

scatter plot was drawn for various Kupchan1 fractions. Chemical formulas were 

generated for the unknown masses using the ACD labs63 software, which are important 

information for identification of chemical structures of the compounds from the 1D 

and 2D NMR analyses. All the known and unknown masses are shown in the appendix 

section as Figures A12-19. 
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3.7 Bioassay 

The fractions obtained from the Kupchan1 fractionation method, and the size exclusion 

chromatography were sent for bioassay screening for anti-Alzheimer’s and anti-cancer. 

Dr David Horsley performed the anti-Alzheimer screening for TauRx39 assay at the 

University of Aberdeen. The extracts were dissolved at 10 mg/mL of DMSO, with 

Methyl 3,4,5-trimethoxycinnamate (MTC) used as controls and diluted in water for cell-

free immunoassay and in PBS for tau aggregation assay to the required concentrations 

immediately prior to used66. Cellular toxicity was determined using the Cytotox 96-well 

kit (Promega) as described by Rickard et al.66. B50 assay and EC50 assay (cells) were run 

on the fractions sent for the anti-Alzheimer screening. 

The anti-cancer screening was performed by Jeanette Andersen's research group at 

Maribo, UiT, the Artic University of Norway, Tromsø67. The fractions were tested against 

three cell lines: A2058_MTT (human melanoma cell line), MRC5_MTT (human lung 

fibroblast cells), and MCF7_MTT (human breast cancer cell line). The Cell lines were 

seeded in 96-well-microtitre plates, at 2000 cells/well in RPMI medium with 10% fetal 

bovine serum (FBS) and 10 μg/mL gentamicin and were incubated for 24 hours before 

microalgal extracts (50 μg/mL)68.  

3.8 ACD Labs 

Advanced Chemistry Development63 (ACD Labs) is software which provides analytical 

data handling and management solution, and molecular property modelling as it is 

used globally by scientists in the pharmaceutical, biochemical, and chemical 

industries63. 
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CHAPTER FOUR 

 

4.0 Results and Discussion 

4.1 In-house library 

A copy of the in-house library is seen in the appendix section as Table A1, containing 

compound mass, chemical formula, [M+H]+, [M-H]- and chemical structure. The high-

resolution masses generated from the LC-HRMS of the extracts was used to compare 

with the masses of the known compounds of Ficus from this in-house database for 

their identification. All the matched masses were within 5 ppm tolerance for the 

already known compounds in the database indicating possible identity of the unknown 

compounds.  

4.2 Data processing and dereplication 

Dereplication uses chromatographic and spectroscopic analysis to recognise previously 

isolated substances in an extract. It can identify interfering compounds such as fatty 

acids or saponins58. It has three pillars: molecular structures, spectroscopy, and 

taxonomy59. Dereplication relies on analytical methods such as Mass spectrometry 

(MS) and Nuclear Magnetic Resonance (NMR) in natural products, as mass 

spectrometry is highly sensitive but gives limited information for structure elucidation. 

In contrast, NMR is poorly sensitive but is quantitative and gives detailed structural 

features60. The LC-HRMS data were processed using the Agilent MassHunter 

Qualitative Analysis software65 and the ACD/Spectrus Processor 2023 software63. Using 

the ACD lab software there were a total of 49 masses in the WW fractions, 40 masses 
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in the WB fraction, 190 masses in the FD fraction, and 103 masses in the FM fraction 

that had a quality score of more than 40% (as shown in appendix as Table A12-A19). 

4.2.1 Dereplication of the crude extracts 

The FM, FH, FD, WW, and WB fractions were obtained from the crude extracts of Ficus 

barclayana using the modified Kupchan as shown in Figure 12. They were profiled 

using liquid chromatography high-resolution mass spectrometry (LC-HRMS). There was 

a total of 382 masses found from the Kupchan fractions of FH, FD, FM, WW and WB, 

which had a quality score of more than 40%. The WW fraction got two hits for the 

masses of the known Ficus compounds from the in-house database, and these were: 

610.1536 Da at the retention time of 3.486 min and 318.0386 Da at the retention of 

22.891 (as shown in figure A1 and A1.2 and in the appendix). The mass at 610.1536 

corresponds to the compound rutin69 with the chemical formula of C27H30O16, and the 

mass at 318.0386 is the compound myricetin70 with the chemical formula of C15H10O8. 

The chromatogram of the WW fraction is shown in Figure 13a-b.  

A known compound of Ficus was identified in the WB fraction with m/z of 430.3762 

and the retention time at 14.68 min (as shown in Figure A2 appendix). This compound 

is (24R)-ethylcholest-4-ene-3,6-diol71 and has the chemical formula C29H50O2. 

Furthermore, the m/z at 610.1536 at the retention of 3.588 min (as shown in Figure A2 

appendix) is the compound rutin69, which has the chemical formula C27H30O16 and has 

been identified in the WB fraction. The chromatogram of the WB fraction is shown in 

Figure 14a-b. 

Figure 15 shows the structure of the known compounds in the WW fraction. No known 

compounds were identified from the in-house database using liquid chromatography 
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high-resolution mass spectrometry (LC-HRMS) from the FM, FD, and FH fractions 

indicating that these fractions potentially contain new compounds. 

 

Figure 13a-b shows the LC-MSMS+ total ion chromatogram of WW fraction with 1a 

(top) shows the total ion chromatogram, 1b (bottom) shows the DAD1(Diode Array 

Detected wavelength at 330 nm). 
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Figure 14a-b shows the LC-MSMS+ total ion chromatogram of the WB fraction with 2a 

(top) shows total ion chromatogram, 2b (bottom) shows the DAD1(Diode Array 

Detected wavelength is 330 nm). 
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Figure 15 shows the structures of the known compounds in the ww fraction. 
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4.2.2 Elucidation of the pure compounds 

Compounds from the crude extracts of FM, FD, FH, WW and WB were profiled using 

LC-HRMS for known compounds using an in-house library. These dereplicated 

compounds were purified and isolated by size exclusion chromatography using the LH-

20 Sephadex62 as explained in chapter 3.3. The pure compounds FD4, FH4, FM7 and 

WB4 were isolated from their respective Kupchan1 extracts. Two known compounds 

were identified in the FD4 fraction with masses of 414.3919 at the retention time of 

17.30 (Figure A3 in appendix) min and 430.3767 at the retention of 14.68 min (Figure 

A3.1 in appendix). The mass at 414.3919 is β -sitosterol and has the chemical formula 

C29H500, and the mass at 430.3767 was identified as (24R)-ethylcholest-4-ene-3,6-

diol71, which has the chemical formula of C29H50O2. The complete chromatogram of the 

FD4 is shown in Figure 16. The compound identified in the WB4 fraction at the 

retention time of 14.68 min and a mass of 430.3767 is (24R)-ethylcholest-4-ene-3,6-

diol71 (Figure A4 in appendix), which has the chemical formula of C29H50O2. The 

compound identified in the FH4 fraction at the retention time of 26.46 min with a mass 

of 318.0395 is myricetin70 (Figure A5 in appendix), which has the chemical formula 

C15H10O8. The complete chromatogram of the FD4 is shown in Figure 16, WB4 is shown 

in Figure 17, and FH4 is shown in Figure 18. The structure is β-sitosterol is shown in 

Figure 19. 

Using the ACD lab software, four masses were identified as known compounds 

common in all the ‘pure’ fractions (FD4, FH4, FM7 and WB4), and their structures are 

shown in Figure 20. The mass at 365.2 had the chemical formula of C23H26NO3 and the 

IUPAC name of 1-propyl-2-[(E)-2-(2,4,6-trimethoxyphenyl) ethenyl] quinolin-1-ium 
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(Figure 8A). The mass at 712.2 had the chemical formula of C35H35O16 with the IUPAC 

name of [3-(3,4-dihydroxyphenyl)-7-(4-hydroxyphenyl)-4-[(2S,3R,4S,5S,6R)-3,4,5-

trihydroxy-6-[[(2R,3R,4R,5R,6S)-3,4,5-trihydroxy-6-methyloxan-2-yl]oxymethyl]oxan-2-

yl]oxy-2,8-dioxatricyclo[7.3.1.05,13]trideca-1(12),3,5(13),6,9-pentaen-11-

ylidene]oxidanium (Figure 8B). The m/z value at 413.2 had the chemical formula of 

C27H26NO3 and the IUPAC name of propan-2-yl 2-[[3-(4-methoxyphenyl) isoquinolin-2-

ium-2-yl] methyl] benzoate (figure 8C). The m/z value 453.2 generated two potential 

chemical formulas within the error (Da) of 0.00 to the m/z value. The first chemical 

formula generated is C22H30NO9 and had the IUPAC name of 2-(diethylamino) ethyl 2-

(2-ethylphenyl) acetate;2-hydroxypropane-1,2,3-tricarboxylate (figure 8D). The other 

chemical formula generated for the mass at 453.2 is C21H24N8O4 which had the IUPAC 

name of 2-methyl-N-(2-morpholin-4-yl- [1,2,4] triazolo[1,5-a] pyridin-7-yl)-4-(2-oxa-6-

azaspiro[3.3]heptane-6-carbonyl)pyrazole-3-carboxamide (Figure 8E). 

 

Figure 16a-b shows the chromatogram of the FD4 fraction, with 16a (top) shows the 

LC-MS total ion chromatogram, 16b (bottom) shows the DAD1(Diode Array Detected at 

330 nm). 
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Figure 17a-b shows the chromatogram of the WB4 fraction, with 17a (top) shows the 

total ion chromatogram, 17b (bottom) shows the DAD1(Diode Array Detected 

wavelength at 330 nm). 

 

   

Figure 18a-b shows the chromatogram of FH4, with 18a (top) shows the total ion 

chromatogram, 18b (bottom) shows the DAD1(Diode Array Detected wavelength at 330 

nm).  
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Figure 19 shows the structure of β-sitosterol identified in the FD4 fraction. 
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Figure 20 shows the dereplicated structures of the known compounds in the semi-

purified fractions using the LCMS data processed by the ACD labs software. 
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4.2.3 Identification of compounds isolated from the Kupchan fractions 

The unknown [M+H]+ peak at 387.18 and the [M+Na]+ peak at 409.162 were found in 

crude extractions FM, FH, FD, and WW, as shown in Figure A9. The [M+K]+ peak at 

425.136 in FM, FD, and WW. This mass was at 8.1 min in the FM fraction, 6.15 min in 

the FH fraction, 6.13 min in the FD fraction, and 12.27 min in the WW fraction. If the 

masses are the same but eluted at different times, it means that these compounds are 

structural isomers. The only fraction this mass was not found was in the WB fraction. A 

potential chemical formula of C22H27O6 was generated for this mass using the tools on 

the ACD software.  

The [M+H]+ m/z at 623.286 and [M+Na]+ peak at 645.268 were common in fractions 

FM, FH, FD, and WB. In FM, FD, and WB fractions, the [M+K]+ ion peak was observed at 

661.243. The retention time for these masses from the FM fraction were 15.82 min, 

15.77 min from the FH fraction, 15.80 min from the FD fraction, and 19.74 min from 

WB. WW is the only fraction in which the ion peak at 623.286 was not identified its 

LCMS data. The potential chemical formula for this ion peak at 623.286 generated by 

the ACD software was C35H43O10.  

The unknown mass at 653.297 was found in FM, FH and FD, with the [M+Na]+ the ion 

peak 657.279 was found in the FM, FH and FD fractions (as shown in Figures A6-A8 in 

the appendix). The [M+K]+ ion peak at 691.253 can be spotted in FM, FH and FD 

fractions. The mass was eluted at 16.39 min from the FM fraction, 16.35 min from the 

FH fraction, and 17.23 min from the FD fraction. The unknown mass was not present in 

either WW or WB fractions. The chemical formula generated by the ACD software for 

the unknown ion peak at m/z [M+H]+ was C36H45O11. 
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In WW and WB fractions, there was a common unknown ion peak at m/z [M+H] at 

565.155 and its [M+Na]+ at 587.138, with both masses eluted at 4.36 min. The 

chemical formula generated for this unknown ion peak at m/z [M+H]+ at 565.155 is 

C26H29O14 using the ACD software. Furthermore, the unknown ion peak at m/z [M+H]+ 

at 535.141 was also common in the WW and WB fractions with the [M+Na]+ peak at 

557.123 and eluted at 4.94 min in the WW fraction and 4.99 in the WB fraction. The 

chemical formula generated for this unknown ion peak at m/z [M+H]+ at 535.141 is 

C25H27O13 using the ACD software. These ion peaks were absent in the FM, FH and the 

FD fractions. 

Out of all the crude fractions of Ficus barclayana, only the WW fraction had the most 

interesting peak, as the [M+NH4]+ ion peak identified at 654.332 eluted at 19.13 min. 

The [M+H] + ion peak for the unknown ion peak at m/z [M+H]+ is 637.305, and the 

[M+Na]+ ion peak is 659.288. Two potential chemical formulas were generated for the 

unknown compound using the ACD software with an error (Da) of 0.00, which are 

C27H47N3O13 and C26H41N10O9. 

All the unknown ion peaks obtained from the Kupchan1 fractions (FM, FH, FD, WB and 

WW) were plotted into a scatter graph of the unknown mass against retention time for 

all the fractions, as shown in Figure 29. The scatter plot only shows the common 

unknown masses in all the fractions and where they were retained. For example, the 

FM and FH have the same unknown masses and retention time, so they are only shown 

as single point on the scatter graph. As shown in the scatter graph, most of the 

unknown ion peaks were eluted towards the end of the chromatographic run, thus 

indicating they are non-polar compounds.   
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Figure 21 shows the TIC of the FM fraction and mass spectrum of the compound 

eluting at retention time of 6.13 min. 

 

Figure 22 shows the TIC of the FH fraction and the mass spectrum of the compound 

eluting at the retention time of 6.15 min (922.01 is the refence mass as explained in 

chapter 3.5). 
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Figure 23 shows the TIC of the FD fraction and the mass spectrum of the compound 

eluting at the retention of time 6.13 min. 

 

Figure 24 shows the TIC of the WW fraction and the mass spectrum of the compound 

eluting at the retention time of 12.27 min. 
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Figure 25 shows the total ion chromatogram (top), retention time at 15.82 min and the 

mass spectrum of the unknown compound in the FM fraction (bottom). 

 

 

Figure 26 shows the total ion chromatogram (top), retention time at 15.77 min and the 

mass spectrum of the unknown compound in the FH fraction (bottom). 
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Figure 27 shows the total ion chromatogram (top), retention time at 15.81 min and the 

mass spectrum of the unknown compound in the FD fraction (bottom). 

 

 

Figure 28 shows the total ion chromatogram (top), retention time at 19.82 min and the 

mass spectrum of the unknown compound in the WB fraction (bottom). 
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Figure 29 shows the scatter plot of ion peaks against retention time for unknown 

compounds in FM, FD, FH, WB and WW fractions eluted on a reversed phase C18 

column. The scatter plot shows that most of the unknown compounds in the extract 

were non-polar (9) in nature with molecular weight between 400-700 Da. 
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4.2.4 Elucidation of unknown compounds of the pure compounds 

A combination of 4 blank libraries were pooled into a single spreadsheet, and the 

masses of the blank database were used to exclude the masses in the fractions of FM7, 

FH4, WB4, and FD4. The LC-HRMS of the FM7 fraction resulted in 12 masses, 

suggesting 12 unknown compounds. The same was done for the FD4 fraction, resulting 

in 45 masses, followed by 30 in the FH4 and 26 in the WB4 fraction. The unknown 

masses in FM7, FH4, WB4, and FD4 are shown in the appendix in Figures A12, A13, 

A14, and A15, respectively. A scatter plot of all the unknown masses was plotted 

against the retention for the FM7, FH4, WB4 and FD4 fractions, as shown in Figures 30, 

31, 32 and 33, respectively.  

After applying the parameters with the Agilent software where the relative height was 

set to 2.5%, the absolute height to 500000 and the quality score to equal or above 

70%, there were six masses found in the FM7 fraction, seven masses found in the WB4 

fractions, 11 in the FD4 fractions and 2 in the FH4 fraction. The two masses found in 

the FH4 fraction were 609.1794, which was eluted at 19.07 min, and 683.1975, which 

was eluted at 19.57 min. The mass at 609.1794 can also be identified in the FM7, WB4 

and FD4 fractions. The mass at 683.1975 can be identified in the FM7 and FD4 

fractions. The chemical formula generated for the mass at 683.1975 is C45H32O7, 

whereas the chemical formula for the mass at 609.1794 is C21H38O20. 

The masses at 320.31, 518.13, 775.22, 849.24, 923.26 and 1071.3 can be identified in 

both the WB4 fraction and FD4 fraction. The chemical formula generated for the mass 

of 320.32 is C22H44NO, C22H32O15 for the mass of 518.13, and C40H40O16 for the mass of 

775.22. Two potential chemical formulas were generated for the mass at 849.24, which 

were C37H44N3O20 and C36H38N10O15, with an error (Da) of 0.00. The mass at 923.26 had 
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a chemical formula of C48H46NO18, and the chemical formula for the mass at 1071.3 

is C47H48N10O20.  

Three masses in the FD4 fraction were not identified in any of the other fractions: 

610.15, 683.196 and 684.155. The chemical formula generated for the mass at 610.16 

is C35H32O11, C34H36O15 for the mass at 683.196 and C41H33O10 for the mass at 684.155. 

All the masses from FM7, FH4, FD4 and WB4 were plotted onto a scatter plot of mass 

against retention time, as shown in Figure 34. Most of the masses were eluted towards 

the end, indicating that the compounds are non-polar. 

Out of all the 110 masses in the pure fractions (FH4, FD4, WB4 and FM7), four 

unknown masses were identified in all the pure fractions using the ACD labs to process 

the data. The masses of the FM7, FD4, FH4 and FM7 are shown in the appendix section 

as Tables A5, A6, A7 and A8, along with a scatter plot for each fraction (Figures A11, 12, 

13 and 14 in the appendix section). The chemical formula generated for the mass at 

610.2 is C35H29O10, as for the mass at 666.2, the chemical formula generated is 

C27H37O10, and the chemical formula generated for the mass at 929.2 is C43H36N4O20. 

The chemical formula generated for the mass at 337.2 is C23H28S. 
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Figure 30 shows the scatter plot of the unknown ion peaks in the FM7 fraction against 

retention time. The scatter plot indicates that most of the compounds eluted are non-

polar in nature with molecular weight between 400-700 Da. 

 

Figure 31 shows the scatter plot of the unknown ion peaks in the FH4 fraction against 

retention time with most compounds are more non-polar in nature and within the 

molecular weight of 300-700 Da. 
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Figure 32 shows the scatter plot of the unknown ion peak in the WB4 fraction against 

retention time. The scatter plot indicates that all the compounds eluted are non-polar 

in nature and within the molecular weight range of 300-700 Da. 

 

Figure 33 shows the scatter plot of the unknown ion peaks in the FD4 fraction against 

retention time. The scatter plot indicates that all the compounds eluted are non-polar 

in nature within the molecular weight range of 200-700 Da. 
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Figure 34 shows the scatter plot of the unknown ion peaks in all the purified fractions. 

The scatter plot indicates that majority of the compounds retained are non-polar in 

nature within the mass range of 400-900 Da. The data can be seen in the appendix 

sections on Table A5-A8. 

4.3 Dereplication by NMR 

Four compounds were selected for structural analysis based on their 1H NMR spectral 

profile and these were FH4, FH5, FM7 and FM9, as shown in Figures 35, 36, 37 and 38, 

respectively, using the Bruker 300/400MHz spectrometer at the UCLan main campus in 

JB, Firth analytical suite. The 2D NMR data were measured at the School of Chemistry 

at the University of Edinburgh using the Bruker Avance III HD 800MHz spectrometer. 

The chemical shift values were referenced with the CD3OD solvent with experiments 

such as COSY (10 min), HSQC-Edited (20 min), HSQC-TOCSY (40 min), ROESY (30 min), 

and HMBC (60 min) ran on each compound as explained in chapter 2.8.1. 
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Figure 35 shows the 1H NMR spectra of the FH4 fraction at 800 MHz in CD3OD. 

 

 

Figure 36 shows the 1H NMR spectra of the FH5 fraction at 800 MHz in CD3OD. 
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Figure 37 shows the 1H NMR spectra of the FM7 fraction at 800 MHz in CD3OD. 

 

 

Figure 38 shows the 1H NMR spectra of the FM9 fraction at 800 MHz in CD3OD. 
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4.3.1 Dereplication through 1D-NMR and 2D-NMR for structural determination of 

compound FM7 

HRMS analysis of the FM7 compound was showed a possible molecular formula of 

C23H30O23 with the m/z value of 674.123 [M+H]+. The full structure of this compound 

has not been derived yet, but glimpses of structural fragments could be derived from 

NMR spin systems (Figure 39). The 1H and 13C NMR spectra indicates signals 

characteristics of sugars and glycosylated structures with the presence of the anomeric 

carbons at δC 96.83 ppm and 92.56 ppm.  Glycosylated compounds are known to 

exhibit therapeutic effects on diseases such as anti-cancer, antioxidant, and anti-

inflammatory for bioactivity72. Glycosylated compounds such as vitexin and isovitexin 

which are derivatives of apigenin show activity against anti-diabetic, anti-Alzheimer’s 

disease, and anti-inflammatory73. There are branched sugar moieties that is integrated 

into a larger structure based on the HMBC interactions and coupling constant. The 

cyclic regions from protons such as C (3.77 ppm), X (4.06 ppm), and Y (4.06 ppm) as 

shown in 23 (2A) indicates that they were interconnected based on the HSQC-TOCSY 

which indicates a cyclic saccharides or sugar-like molecules. The presence of the de-

shielded carbon at carbon D (76.67 ppm) and carbon F (74.89 ppm) suggests that there 

are hydroxyl groups which indicates that the compound contains hydrophilic 

properties. 

The 1D and 2D NMR were used to determine a partial structure (Figure 39) of the 

fraction FM7 of Ficus barclayana (Table A14 in the appendix section). The CH bond at 

96.83 ppm(A) and 92.56 ppm (B) are anomeric carbons attached directly to some 

oxygen in a highly deshielded environment, which correlates to the characteristics of 

sugar linkages. The first anomeric carbon (A) at 96.83 ppm was a doublet and showed 
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coupling with proton F (3.15 ppm), which indicates they are part of the same structural 

unit. The carbon A (96.83 ppm) showed HMBC interactions with carbon D (76.67 ppm), 

which suggests that they are indirectly bonded in the same structural unit. Proton D 

(3.36 ppm) correlates with protons F (3.15 ppm) and L (3.30 ppm), which shows they 

are interconnected in the same region. Carbon F (74.89 ppm) interacts with Carbons A 

(96.83 ppm) and D (76.67 ppm) on the HMBC. Proton E (3.30 ppm) couples with 

Protons D (3.36 ppm), L (3.30 ppm), and Ta (3.87 ppm), further supporting the 

branched structure. This is also the case for the HMBC, as carbon E (76.61 ppm) 

correlates to carbon T (61.45 ppm), which suggests it's in the same environment in the 

cyclic region. The HSQC-TOCSY confirms that protons B (5.13 ppm), G (3.69 ppm), H 

(3.38 ppm), I (3.80 ppm), K (3.32 ppm) and T (3.87 ppm for tA and 3.67 ppm for tB) are 

all in the same cyclic environment as shown in figure 23 (A1) as the determined 

structure.  

The other anomeric carbon B (92.56 ppm) correlates with Carbons H (72.40 ppm) and I 

(71.57 ppm), indicating these carbons are part of the same chain, according to the 

HMBC. The Proton B (5.13 ppm) correlates with Proton H (3.38 ppm), which means 

they are directly bonded together. The proton H (3.38 ppm) correlates to proton G 

(3.69 ppm), which shows they are directly bonded together, as shown in COSY. Proton 

G (3.69 ppm) correlates to proton K (3.32 ppm), confirming their direct bond. Proton K 

(3.32 ppm) is directly bonded to proton I (3.80 ppm), as proton I (3.80 ppm) is directly 

bonded to proton U (3.80 ppm for uA and 3.71 ppm for uB).  Carbon I (71.57 ppm) 

shows interactions with Carbons U (61.36 ppm) on the HMBC as it confirms they are in 

the same environment of the cyclic region. The HSQC-TOCSY shows that protons B 
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(5.13 ppm), G (3.69), h (3.38 ppm), I (3.80 ppm), k (3.32 ppm) and U (3.80 ppm for uA 

and 3.71 ppm for uB) are all in the same cyclic environment as shown in figure 39 (1B). 

Proton C (3.77 ppm) correlates with proton X (4.06 ppm), which confirms a direct bond 

between them. Proton X (4.06 ppm) correlates with proton Y (4.06 ppm), confirming a 

direct bond between the two positions. On the HMBC, Carbon C (81.87 ppm) exhibits 

correlations with Carbon Y (75.33 ppm), and carbon R (62.79 ppm) correlates with 

carbon C (81.87 ppm), confirming that it is within the same cyclic region within the 

structure. The HSQC-TOCSY confirms that protons C (3.77 ppm), X (4.06 ppm), Y (4.06 

ppm) and R (3.73 ppm for rA and 3.63 ppm for rB) are all within the same environment 

in the same structure as shown in Figure 39 (2A). 

On the COSY proton, N (3.80 ppm) correlates with protons M (3.86 ppm) and P (4.04 

ppm for pA and 3.65 ppm for pB), which suggests that they are within the same 

structural environment. This is further confirmed by the HMBC as carbon P (63.15 

ppm) shows interactions with carbon M (69.83 ppm), confirming the related 

arrangements between them. Furthermore, carbon N (67.99 ppm) shows a correlation 

with carbon M (69.83 ppm), which again confirms that they are in the same region in 

the cyclic environment. The HSQC-TOCSY shows that protons U (3.80 ppm for uA and 

3.71 ppm for uB), M (3.86 ppm), N (3.80 ppm) and P (4.04 ppm for pA and 3.65 ppm for 

pB) are all in the same environment as shown in figure 39 (2B). 

As for the final information of the last part to the partial structure of compound FM7, 

the COSY shows proton O (3.68 ppm for oA and 3.50 for oB) showing correlations with 

proton Q (3.64 ppm for qA and 3.51 ppm for qB) which shows that they are in the same 

environment or potentially share a direct bond. On the HMBC, it shows that carbon Q 

(63.06 ppm) correlates with carbon M (69.83 ppm), which confirms their direct 
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interactions with each other. A potential structure was determined based on the 

information from COSY and HMBC, as shown in Figure 39 (3). 

Proton J (3.81 ppm) and proton S (3.78 ppm), with the peaks appearing at 70.43 ppm 

and 61.97 ppm, appear to show no correlation with any other peaks or protons on the 

COSY and HMBC, which may indicate impurities in the FM7 compound. The reason why 

a complete structure could not be elucidated for FM7, and partial structures is shown 

to be due to the impurities in this compound. Therefore, it is not easy to consider 

whether the elucidated structures are part of the structure of the active compound or 

not. Further purification using HPLC would increase the chances of fully elucidating the 

structure of the active compound as it removes the impurities that appear as peaks on 

the 2D NMR. The COSY, HSQC-Edited, HSQC-TOCSY, ROESY, and HMBC are shown in the 

appendix as Figures A21-A26. 
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Figure 39 shows the partial structural fragments determined for compound FM7 from 

the 1D and 2D NMR.  
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4.3.2 Dereplication through 1D-NMR and 2D-NMR for structural determination of 

compound FH4 

Analysis of NMR data indicates that FH4 is impure and possibly contains three 

compounds with one major and two minor components. NMR data (Table A13 in the 

appendix section) have been extracted from 1H, HSQC and HMBC data. Interpretation 

of NMR data suggests that the compounds belong to a family of compounds called 

glycolipids based on 13C chemical shifts of the sugars prominent at  δC 104.08, 90.55, 

80.44 ppm for anomeric carbons, δC 70-76 ppm for protonated carbons in the sugar 

framework and  δC 60-68 ppm for hydroxylated methylenes. The table 6 is partially 

filled with the COSY and HMBC with what each proton and carbon correlate with. 

 Interesting chemical shifts can be observed at  δC 42-52 ppm, suggesting protonated 

carbons adjacent to nitrogen-containing moieties, such as in amino lipids or peptides 

(Figure A18 in the appendix section). The fatty acid framework contains both saturated 

and unsaturated components. Some of these structural fragments are shown in Figure 

40. It is difficult to elucidate structures like this as fatty acids and amino lipid share 

similar structures such as the position of doubles or chain length that makes it difficult 

to distinguish them. Furthermore, the proton NMR spectra can be crowded as evident 

in Table A13 in the appendix section because of the overlapping peaks from similar 

chemicals and they also produce weak spectroscopic signals. The COSY, HSQC and 

HMBC of the substructures are shown in the appendix as Figures A15-A20. 
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Figure 40 shows structural fragments (A-D) elucidated from FH-4 NMR data suggesting 

presence of glycolipids and/or amino lipids or potentially lipopeptides.  
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4.4 Bioassay results 

The extracts obtained from the LH-20 Sephadex62 with the most promising NMR 

spectra were sent for anticancer screening at Maribo, UiT, the Artic University of 

Norway, Tromsø67. Table A4 in the appendix section). Furthermore, the extracts were 

also sent for anti-Alzheimer screening for TauRx39 assay at the University of Aberdeen 

by Dr David Horsley based on the NMR spectra obtained from the LH-20 Sephadex62 of 

the fractions as shown in the appendix (Table A3 in the appendix section). Codes such 

as FD4 means that it is the fourth fraction from the size exclusion chromatography 

using the LH-20 Sephadex62 of the FD fraction. 

4.4.1 Anti-cancer screening 

The fractions were assayed against three cell lines: A2058_MTT (human melanoma cell 

line), MRC5_MTT (human lung fibroblast cells), and MCF7_MTT (human breast cancer 

cell line) to see if they had inhibitory activities against these cancer cells. The results 

are shown below in Table 1. 

The fraction with the most promising activity for the human melanoma cell line 

(A2058) is the FH5 fraction, with an activity of 1, followed by the fraction FD3, with an 

activity of 5. When a compound shows an activity of 1 it means that the compound 

exhibits full activity against the assay. The FH6 and FD 4 are still active for human 

melanoma, with activities of 27 and 48, respectively. The crude extract of Ficus 

barclayana, FM6, FD5, and WB3 were inactive for the human melanoma cell line, with 

activities of 104, 108, 101, and 103, respectively.  

As for the human lung fibroblast cells assay (MRC5_MTT), it was the fraction FH5 that 

was the most active at 2, followed by the fraction FD3 with activity at 10. FD5 and FH6 
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were also active for the human lung fibroblast cells assay (MRC5_MTT), with activities 

of 39 and 47, respectively. The crude extract of Ficus barclayana, FM6, FD4, and WB3 

were all inactive for the MRC5_MTT assay as they were all above 50 for activity. 

Lastly, the fractions with the most activity for the human breast cell line assay 

(MCF7_MTT) were FH5, FD3, and FD4, with activities of 1,5 and 6, respectively. The 

fractions of FH6 and FD5 were also active, with activities of 12 and 22, respectively. The 

crude extract of Ficus barclayana, FM6, and WB3 were all inactive for the MCF7_MTT 

assay. 

 

Table 1 shows the samples that were active for the anticancer screening. 
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4.4.2 Anti-Alzheimer’s screening 

The fractions were sent for the B50 assay and run on the EC50 assay (cells), and the 

fractions showed some activity, as shown in the table below. The active samples were 

FD4, FD5, FH5, and FM6. The method for the anti-Alzheimer’s screening in chapter 3.7 

of the method section. The assay that the fractions were tested against is the EC50 and 

B50 which means that the results will show how much of the fractions is required to 

inhibit a given biological activity by half. These are compared with Methyl 3,4,5-

trimethoxycinnamate (MTC) which was the reference and has an activity at 191uM as 

shown in table 5 and the FD4 showing activity of 69.2 ug/mL on 25/11/2024 and 30.8 

ug/mL. The FD5, FH5 and FM6 showed activity for the anti-Alzheimer’s screening as 

they had activity of 57.1 ug/mL, 104 ug/mL and 466 ug/mL respectively. FD3, WB3 and 

FH4 fraction showed no activity because the result obtained from the B50 to be more 

than 500 ug/mL. The results are shown below as Table 2. 
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Table 2 shows the results of the fractions for the B50 assay. 

Name and structure 
Experiment B50 B50 (µg/mL) 

mean±SEM 
Notes 

Sample 1 

Crude 

25Nov24 

26Nov24 

NE (500) 

NE (500) 

NE 

(500µg/mL) 

n=2 

1.5mg +150µL DMSO 10mg/mL 

Sample 2 

FD3 

25Nov24 

26Nov24 

NE (500) 

>600µg/mL 

 

 

12.3mg +123µL DMSO 

100mg/mL 

Sample 3 

FD4 

25Nov24 

26Nov24 

69.2 µg/mL 

30.8µg/mL 

 
1.4mg +140µL DMSO 10mg/mL 

Sample 4 

FD5 

25Nov24 

26Nov24 

~600µg/mL 

57.1µg/mL 

 
3.6mg +360µL DMSO 10mg/mL 

Sample 5 

WB3 

25Nov24 

26Nov24 

NE (500) 

NE (500) 

NE 

(500µg/mL) 

n=2 

45.6mg + 456µL DMSO 

100mg/mL 

Sample 6 

FH4 

25Nov24 

26Nov24 

NE (500) 

NE (500) 

NE 

(500µg/mL) 

n=2 

8mg +80µL DMSO 100mg/mL 

Sample 7 

FH5 

25Nov24 

26Nov24 

138 µg/mL 

104µg/mL 

 
7mg +70µL DMSO 100mg/mL 
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Name and structure 
Experiment B50 B50 (µg/mL) 

mean±SEM 
Notes 

Sample 8 

FM6 

25Nov24 

26Nov24 

>600µg/mL 

466µg/mL 

 
1mg +100µL DMSO 10mg/mL 
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Table 3 shows the reference compounds used for the B50 assay. 

Name and structure Experiment B50 

MTC 

6599SC177 

WL0014.062 

(Reference) 

 

 

  

MTC 

8865SR57 

WL0014.063 

(Reference) 

 

 

25Nov24 

26Nov24 

191µM 

190µM 

DMMTC 

WL007.004  

Serva 14535 

25Nov24 

26Nov24 

7.35µM 

3.23µM 

S+

N

N N

Cl-

S+

N

N N

Cl-
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CHAPTER FIVE 

5.0 Conclusion 

This research aimed to isolate the tau aggregation inhibitor from the Fijian plant, Ficus 

barclayana, using advanced chromatography, mass spectrometry and NMR techniques 

against the backdrop that there was no available information or chemical profiling of 

this plant. Eight compounds were generally isolated, of which six showed activity in the 

bioassay analysis for anti-cancer and anti-Alzheimer's screening. However, none of 

them were deemed pure enough for full confirmation of structures. 

This project's aim and objectives were met as four active compounds were isolated for 

the B50 anti-Alzheimer's bioassay screening, which showed activity. The four active 

compounds were FD4, FD5, FH5 and FM6, whereas FD3, WB3 and FH4, showed no 

activity for the anti-Alzheimer's screening. The extracts were also screened for three 

different cancer lines: A2058_MTT (human melanoma cell line), MRC5_MTT (human 

lung fibroblast cells), and MCF7_MTT (human breast cancer cell line. The extracts that 

showed the most activity for the three cancer lines were FH5, FH6 and FD3. The FD4 

and FD3 extracts were active against two cancer lines, whereas the rest were inactive 

for any of the three cancer lines.  

The FH5 extract showed very interesting activities as it showed activities in all three 

anti-cancer cell lines and for the anti-Alzheimer's B50 assay. 1D and 2D NMR analysis 

was done on the FH5 fraction, but structural elucidation was not possible for this 

compound because the compound was not fully pure. To successfully determine the 

structure of the FH5 fraction, HPLC will be used to purify the compound, allowing the 

structure to be determined through 1D and 2D NMR analysis. Data from high-

resolution mass spectrometry including the identification of the correct molecular 
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formula will be used to support the structure proposed by NMR techniques. The exact 

process will be performed with the FD3 and FD4 fractions as they showed activity 

against two of the three cancer line screenings and activity for the anti-Alzheimer's 

screening. Furthermore, the remaining three active compounds will need their 

potential structures determined by 2D NMR and confirmed using high-resolution mass 

spectrometry. All this needs to be completed so that this research can be published as 

a peer-reviewed journal article and a review written for the compounds in Ficus 

barclayana, as limited research have been performed on this plant. 

Since Ficus barclayana has not been studied before, the findings of this research hold 

great potential for developing an anti-cancer and anti-Alzheimer drug in the future for 

the cosmetic and pharmaceutical industries. Overall, the aims and objectives of this 

research have been accomplished. 

5.1 Limitations 

The purity of the compounds such as Glycolipids, amino lipids, or Glycosylated within 

the FM7 and FH4 fractions make it difficult for the structures to be determined due to 

their structural variants. This makes it difficult to assign the NMR peaks as they overlap. 

The glycosylated and sugar compounds have multiple stereoisomers and anomers, 

making it difficult to distinguish them because the distinct signals are too close apart. 

These are the reasons why a partial structure was proposed for the FM7 and FH4 

compounds. 

Small quantities of the compounds yielded during the isolation process restricted the 

analysis that could be done, such as repeated screening for biological activities. The 

compound’s biological activity showed promising anti-cancer and anti-Alzheimer's 

activity with six active compounds. However, it did not specify if the active compounds 
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were ready for therapeutic potential as more testing was needed, and the yield and 

time were insufficient. Furthermore, the isolated compounds needed to be analysed 

using NMR spectroscopy techniques and LCMS as that was the only quantity available 

that was extracted from the crude. 

Lastly, since there was minimal information on the Ficus barclayana plant, there was a 

lack of comparative standards for the compound classes that could have helped in the 

biological activities of the compounds and the structural determination. Furthermore, 

there is also a lack of literature review on the Ficus barclayana as there is no industrial 

use for this plant that could have helped in solving the structures of the active 

compounds. The results and data generated for this thesis should help in future work 

on this plant. They allow for comparisons and the complete structure determination of 

the active compounds. 

5.2 Future wok  

Since there's a lack of available literature review for the Ficus barclayana plant, one of 

the objectives of this research aimed at creating a review of the compounds found in 

Ficus barclayana as these compounds have an excellent potential for developing an 

anti-cancer and anti-Alzheimer's drug. Based on the bioassay results, six active 

compounds were managed to be isolated (FH5, FH6, FM6, FD3, FD4 and FD5) for the 

anti-cancer and anti-Alzheimer's screening, as shown in the results section. These 

active compounds need their whole structure to be determined and confirmed using 

high-resolution mass spectrometry, which was impossible in this research as only one 

structure was partially determined. A complete chemical profile needs to be done for 

these active compounds for this research to be published, which is the next step after 

the submission of this thesis. The active compounds would need to be purified using 
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HPLC to remove the impurities and then sent for 1D and 2D analysis to fully determine 

the structure. LCMS would need to be performed on these active compounds to 

confirm the chemical formula; this way, you must analyse both NMR and LCMS to 

propose these active compounds' structure and chemical profile. 

This research provides a promising foundation of the isolated compounds for 

exploration into their anti-cancer and anti-Alzheimer potential by scaling up the 

isolation process and producing higher yields of the active compounds. The limited 

yield of the active compounds massively restricts the extent of the analysis that can be 

done, such as repeated bioassay tests, to understand these compounds fully. For 

instance, future research should look at expanding the scope of bioassays to include 

cytotoxicity, which will provide necessary information on the therapeutic potential of 

these compounds. More active compounds can be obtained by scaling up the isolation 

and extraction processes, providing materials for comprehensive structural studies that 

were unavailable during this research. This should establish a standardised protocol for 

compound isolation, purification, and analysis to maximise the ability for comparative 

studies to be done and the yield produced for the active compounds.  

After this research is published and the structures of the active compounds are 

confirmed, the following steps should be taken: Pharmacological studies to understand 

the active compounds' bioavailability, metabolism, and potent toxicity, which would be 

crucial for their therapeutic applications. Also, to find viable therapeutic agents, 

collaborations with academic and pharmaceutical industries that specialise in drug 

development and can facilitate these findings if needed, as they are expensive. 
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Appendix 

1.0 In-house library of known compounds of Ficus. 

Table A 1 shows the self-made database of the known compounds of Ficus. 

Compound Mass Formula [M+H]+ [M-H]- structure  

Psoralen 186.03 C11H6O3 187.04 185.02 
 

Rutin 610.15 C27H30O16 611.16 609.14 
 

Luteolin 286.05 C15H10O6 287.06 285.04 
 

Genistein 270.05 C15H10O5 271.06 269.04 
 

Kaempferol 286.05 C15H10O6 287.05 285.04 
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Myricetin 318.04 C15H10O8 319.04 317.04 
 

Apigenin 270.05 C15H10O5 271.06 269.04 

 

2ʹ- 

hydroxygenistein 

286.05 C15H10O6 287.05 285.05 
 

euphol-3-O-

cinnamate 

570.44 C40H58O2 571.44 569.44 
 

Lupeol 426.39 C30H50O 427.39 425.39 
 

taraxer-14-ene 410.39 C30H50O 411.39 409.39 
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 Ursolic acid 456.36 C30H48O3 457.36 455.36 
 

 Betulinic acid 506.49 C37H62 507.49 505.49 
 

4,14,24-trimethyl-

cholestane-3,11-

diol 

446.41 C30H54O2 447.41 445.41 
 

 (24R)-ethylcholest-

4-ene-3,6-diol 

430.38 C29H50O2 431.38 429.38 
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 -amyrin 426.39 C30H50O 427.39 425.39 
 

-sitosterol 414.39 C29H500 415.39 413.39 
 

Quercetin 302.04 C15H10O7 303.05 301.04  
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2.0 Bioassay 

2.1 Anti-Alzheimer’s bioassay 

Table A 2 shows the activity of the samples (highlighted in yellow) for anti-Alzheimer ‘s 

screening. 
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Table A 3shows the samples and their weight which was sent for anti-Alzheimer 

screening. 

Sample code Weight (g) 

(1) Crude 0.0015g 

(2) FD3 0.0123g 

(3) FD4 0.0014g 

(4) FD5 0.0036g 

(5) WB3 0.0456g 

(6) FH4 0.008g 

(7) FH5 0.007g 

(8) FM6 0.001g 
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2.2 Anti-cancer screening 

Table A 4 shows the samples and their weight that was sent for anti-cancer screening. 

Sample codes Weight (g) 

FM6 0.0002g 

FH5 0.0004g 

FH6 0.0008g 

FD3 0.0007g 

FD4 0.0010g 

FD5 0.0011g 

WB3 0.0010g 

Crude 0.0008g 
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3.0 LCMS 

 

Figure A 1 shows the MS spectrum of the WW fraction of the identified known 

compound of Ficus. 

 

Figure A1. 1 shows the MS spectrum of WW fraction. 
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Figure A1. 2 shows the MS (M+H)+ of the known compound that was identified in the 

WW fraction. 
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Figure A 2 shows the mass spectrum (M+H)+ peak of the identified compound (Rutin) in the WB 

fraction. 
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Figure A2. 1 shows the mass spectrum (M+NH4)+ peak of the identified compound 

(Rutin) in the WB fraction. 

 

Figure A2. 2 shows the (M+K)+ peak of the identified compound (Rutin) in the WB 

fraction. 
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Figure A 3 shows the MS identified compound of the -sitosterol that was identified in 

the FD4 fraction. 

 

Figure A3. 1shows the mass spectrum (M+H)+ of (24R)-ethylcholest-4-ene-3,6-diol that 

was identified in the FD4 fraction. 
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Figure A 4 shows the mass spectrum (M+H)+ peak of the compound (24R)-ethylcholest-

4-ene-3,6-diol that was identified in the WB4 fraction. 

 

Figure A 5 shows the mass spectrum (M+H)+ peak of the compound Myricetin that was 

identified in the FH4 fraction. 
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Figure A 6 shows the retention time and the mass spec of the unknown compound in 

the FM fraction. 

 

Figure A6. 1 shows the retention time and the mass spec of the unknown compound in 

the FH fraction. 
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Figure A6. 2 shows the retention time and the mass spec of the unknown compound in 

the FD fraction. 

 

Figure A 7 shows the retention time and the mass spec of the unknown compound in 

the WB fraction. 
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Figure A 8 shows the retention time and the mass spec of the unknown compound in 

the WB fraction. 

 

 

Figure A 9 shows the retention time and the mass spec of the unknown compound in 

the WW fraction. 
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Figure A 10 shows the retention time and the mass spec of the unknown compound in 

the WW fraction. 

 

 

Table A 5 shows the unknown compounds with their masses and retention time in FM7 

fraction. 
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Table A 6 shows the unknown compounds with their masses and retention time of the 

FD4 fraction. 

 

 

Table A 7 shows the unknown masses and retention of the FH4 fraction. 
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Table A 8 shows the unknown mass and their retention time of the WB4 fraction. 

 

Table A 9 shows the masses, retention time and quality score for the FH4 fraction using 

the ACD lab software. 
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Table A 10 shows the masses, retention time and quality score for the FD4 fraction 

using the ACD lab software. 
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Table A 11 shows the masses, retention time and quality score for the WB4 fraction 

using the ACD lab software. 
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Table A 12 shows the masses, retention time and quality score for the FM7 fraction 

using the ACD lab software. 
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Figure A 11 shows the scatter plot of ion peaks in the FH4 fraction of retention time 

against m/z using the ACD lab software. 

 

 

Figure A 12 shows the scatter plot of ion peaks in the FD4 fraction of retention time 

against m/z using the ACD lab software. 
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Figure A 13 shows the scatter plot of ion peaks in the WB4 fraction of retention time 

against m/z using the ACD lab software. 

 

Figure A 14 shows the scatter plot ion peaks in the FM7 fraction of retention time 

against m/z using the ACD lab software. 
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4.0 NMR 

4.1 1D and 2D NMR spectrum of compound FH4. 

 

Figure A 15 shows the 1H NMR spectrum of the FH4 compound at 800 MHz in CD3OD. 

 

Figure A 16 COSY spectrum corelations between the CH2 group (S2) and the vinyl 

proton (r). 
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Figure A 17 COSY spectrum showing anomeric proton correlations to neighbouring 

proton. 

 

Figure A 18 HSQC spectrum showing chemical shifts of protons possible associated to 

peptides/amino acids. 
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Figure A 19 HMBC spectrum corelations showing correlations between the methyl 

group (L2) and the CH2 group (S), and the quaternary carbon to both the methyl group 

and the CH2 group confirming this existence of this substructure. 

 

Figure A 20 HMBC spectrum showing correlations between neighbouring alkene 

protons to the alkyne bond. 
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Table A13 shows the 1H, 13C, 1H-1H COSY, 1H-C13HMBC NMR Data of FH4 compound. 

Carbon 

Position 

13C (ppm) C type 1H/ppm proton 

count 

COSY 

H-H 

HMBC 

H to C 

A 173.8 C    

B 173.4 C    

C 173.2 C    

D 172.9 C    

E 138.02 C    

F 137.49 CH 5.54, 1H, 

Multiplet 

j J2, E2 

G 135.55 CH 5.61, 1H, 

Multiplet 

  

H 134.67 CH 5.56, 1H, M  F2, X1 

I 134.15 CH 5.57, 1H, M  X1, M2 

J 131.51 CH 5.39, 1H, M f L2 

K 129.75 CH 5.37, 1H, M   

L 127.99 CH 5.53, 1H, M  Y1 

M 126.94 CH 5.31, 1H, M   

N 125.53 CH 5.22, 1H, M   

O 125.45 CH 5.22, 1H, M   

P 125.00 CH 5.54, 1H, M  P2 

Q 124.96 CH 5.12, 1H, M a2 V1, X1, O2 

R 124.89 CH 5.38, 1H, M   

S 124.62 CH 5.38, 1H, M  A2 
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T 124.30 CH 5.18, 1H, M  F2 

U 124.29 CH 5.12, 1H, M   

V 124.12 CH 5.15, 1H, M i2  

W 113.20 CH2 4.94, overlap   

X 111.58 CH2 A: 5.04 bd 

B: 4.98 bd 

 A0 

Y 108.96 CH2 A: 5.02 bd 

B: 4.86 bd 

  

Z 104.08 CH 4.24, overlap  C2 

A0 90.55 CH bm (broad 

multiplet) 

 Xa, Xb 

B0 83.44 CH 4.24, bm   

C0 79.12 CH 3.53   

D0 76.48 CH 3.39, bm   

E0 76.48 CH 3.31, bm   

F0 75.25 CH 3.53, bm   

G0 75.08 CH 3.99, bm   

H0 74.90 CH 3.59, bm   

I0 74.35 CH 4.01, bm   

J0 73.50 CH 3.22, bm   

K0 73.32 CH 3.50, bm   

L0 72.30 CH 3.73, bm   

M0 71.91 CH 3.56, bm   

NO 71.74 CH 4.05, bm   
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O0 70.86 CH 3.54, bm   

P0 70.68 CH 3.26, bm   

Q0 70.16 CH 3.75, bm   

R0 70.16 CH 3.31, bm   

S0 70.33 CH 5.29, bm   

T0 70.16 CH 3.75, bm   

U0 69.63 CH 3.93, bm   

V0 69.29 CH 5.28, bm   

W0 68.93 CH 3.82, bm   

X0   68.75 CH 3.86, bm   

A1 67.69 CH2 A: 3.91, overlap 

B: 3.78, overlap 

  

B1 67.46 CH2 A: 3.97, overlap 

B: 3.76 

  

C1 66.99 CH 4.03, overlap   

D1 66.29 CH2 A:3.91 

B:3.70 

  

E1 64.98 CH2 4.16, bm   

F1 64.62 CH2 4.13, bm   

G1 63.68 CH2 4.39, bm   

H1 63.54 CH2 A: 4.34, bm 

B: 4.24, bm 

  

I1 62.59 CH2 A: 4.35 

B: 4.13 
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J1 62.00 CH2 A: 4.35 

B:4.13 

  

K1 61.82 CH2 3.53, bm   

L1 61.42 CH2 3.73, bm   

M1 61.33 CH2 3.89, bm   

N1 60.90 CH2 3.76, bm   

O1 60.22 CH2 3.67, bm   

P1 52.05 CH 3.31, bm   

Q1 49.24 CH 3.14, bm   

R1 48.71 CH3 3.37, bm   

S1 48.36 CH 3.21, bm   

T1 48.18 CH2 3.33, bm   

U1 42.56 CH2 2.70, bm   

V1 39.57 CH2 2.00, bm  Q, O2, E2 

W1 37.99 CH2 1.60, bm  N2 

X1 35.52 CH2 1.99, bm  I, Q, H 

Y1 34.82 CH2 2.79, bm  L 

Z1 33.77 CH2 2.13, bm   

A2 32.01 CH2 2.06, bm q, i2 S, J2, L2 

B2 31.83 CH2 1.29, bm   

C2 29.55 CH2 A:1.39 

B:1.30 

 Z 

D2 29.02 CH2 1.32, bm   

E2 26.91 CH3 1.26, bm  F, V1 



124 
 

F2 26.38 CH2 2.10, bm l2 T, H 

G2 24.99 CH3 1.68, bs (broad 

singlet) 

  

H2 24.80 CH2 1.63, bm   

I2 22.87 CH3 1.70, bs v, a2 A2 

J2 22.84 CH3 1.75, bs  F 

K2 22.34 CH2 2.01, bm   

L2 22.16 CH3 0.90, bt (broad 

triplet) 

f2, m2 J, A2 

M2 21.28 CH3 1.32, overlap l2 I 

N2 19.35 CH3 0.88, bt  W1 

O2 16.89 CH3 1.61, bt  Q, V1 

P2 15.31 CH3 1.62, bs  Q 

S2 58.03 CH2 Broad multiplet   
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4.2 1D and 2D NMR spectrum of compound FM7 

 

Figure A 21 shows the 1H spectrum of FM7 compound at 800 MHz in CD3OD. 

 

 

Figure A 22 shows the COSY of FM7 compound. 
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Figure A 23 shows the HSQC spectrum showing chemical shifts of protons possible 

associated to the five membered sugar ring. 

 

 

Figure A 24 shows the HSQC-DEPT of FM7 compound. 
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Figure A 25 shows the selected HMBC correlations for proposed structure of the partial 

structure of FM7. 

 

Figure A 26 shows the ROSEY of FM7 compound. 
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Table A14 shows the 1H, 13C, 1H-1H COSY, 1H-C13HMBC NMR Data of FM7 compound. 

Carbon 

Position 

13C (PPM) C-type 1H/ppm proton 

Count 

COSY 

H-H 

HMBC 

H to C 

A 96.83 CH 4.50, 1H, d, 7.8 f D 

B 92.56 CH 5.13, 1H, d, 3.6 h H, I 

C 81.87 CH 3.77, 1H, overlap x Y 

D 76.67 CH 3.36, 1H, overlap f, l A, L 

E 76.61 CH 3.30, 1H, overlap d, l, t T  

F 74.89 CH 3.15, 1H, t, 8.7, 8.6 a,d A, D 

G 73.49 CH 3.69, 1H, overlap h, k B 

H 72.40 CH 3.38, 1H, overlap b, g G 

I 71.57 CH 3.80, 1H g, u B, G 

J 70.43 CH 3.81, 1H - - 

K 70.51 CH 3.32, 1H g, i I, G 

L 70.33 CH 3.30, 1H d, e D 

M 69.83 CH 3.86, 1H n N 

N 67.99 CH 3.80, 1H m, p M 

O 64.50 CH2 A: 3.68, 1H, 

overlap 

q I 
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B: 3.50, 1H 

P 63.15 CH2 A: 4.04, 1H 

B: 3.65, 1H 

m M 

Q 63.06 CH2 A: 3.64, 1H 

B: 3.51, 1H 

o M 

R 62.79 CH2 A: 3.73, 1H 

B: 3.63, 1H 

 C, X, Y 

S 61.97 CH2 3.78, overlap - - 

T 61.45 CH2 A: 3.87, 1H, 

overlap 

B: 3.67, 1H 

e D 

U 61.36 CH2 A: 3.80, 1H 

B: 3.71, 1H 

i K 

X 76.09 CH 4.06, 1H, d c, y Y 

Y 75.33 CH 4.06, 1H, d x,  X 
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