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Abstract

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder. Evidence has
shown that a key feature of AD is increased brain oxidative stress. This oxidative damage
causes the formation of reactive oxygen species (ROS), leading to the expression of
endogenous anti-oxidant proteins such as NAD(P)H dehydrogenase (quinone 1) (NQO1)
and to the production of AP peptides and thereafter to neuronal death. The current drug
treatments available for the treatment of AD cause various severe side effects. Therefore,
herbal therapies should be considered as alternative/complementary medicines to existing
therapeutic approaches due to its traditional used and its richness of anti-oxidant
constituents (Wightman, 2017).

The fig (Ficus carica L., or F. carica) is a classic fruit tree associated with the beginning
of horticulture in the Mediterranean region. Middle Eastern countries in particular have
been an important centre of fig growth for centuries (Khedr et al., 2016). Few studies
have focused on F. carica in the treatment of AD; however, this edible fruit has been
shown to be effective in managing the disease (Ango et al., 2016; Bhangale and Acharya,
2016; Essa et al., 2015).

In this study, metabolite profiling was performed on the exocarp, endocarp, and mesocarp
of F. carica’s fruit via high throughput screening (HTS) (namely metabolomics). The
secondary metabolites of these parts were extracted using TLC and Flash®
chromatography. The secondary metabolites were then screened and their putative
biomarkers targeted through a multivariate analysis conducted using SIMCA-P, including
dereplication, HCA, PCA, OPLS-DA, and S-plot analysis. No higher molecular ion peaks
(m/z) were detected. Moreover, the isolation and structural identification of phytosterols
(namely y-Sitosterol, lupeol acetate) and unsaturated fatty acid (Oleioyl-p-D-arabinoside)
from the mesocarp, and polyphenols (namely P-hydroxybenzoic acid and vanillic acid)
and triterpene (namely lawsaritol) from the endocarp of F. carica were carried out. As
well as the isolation and structural elucidation of -amyrin acetate and campesterol from
the fruit’s exocarp. The structures of these compounds were verified using various

spectroscopic methods, including HRESIMS, GC-MS, and NMR spectroscopy.

The cell viability test, cytotoxic activities as well as the qualitative western blotting test

with the anti-oxidant NQOL1 anti-body of the isolated compounds were evaluated, and

XxXviii



exhibited activity that mitigated the oxidative stress of acrolein-related AD in in-vitro
differentiated SH-SY5Y neuro-cell line. These findings introduced the potential of using
phytosterol as a therapeutic intervention in AD in addition to other protective agents. This
is the first study to implement metabolomics on the chemical composition and biological

potential of F. carica parts.
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CHAPTER ONE INTRODUCTION




1. Introduction

1.1. Natural product and drug discovery

Natural products (NPs) are bioactive chemical compounds that are found in nature,
produced by a living organism, and consist of small molecules also known as secondary
metabolites® (Krause and Tobi, 2013). NPs play a central role in the pharmaceutical,
nutraceutical, and cosmeceutical industries (Eugster et al., 2014; Krause and Tobi, 2013;
Lahlou, 2013). As NPs have been closely linked to the use of traditional medicine (Butler,
2004), they have received a great deal of attention from both health professionals and the
public in terms of their ability to improve overall well-being. NPs are also known for their
significant contribution as a sole means to treat injuries in their biological source, as well
as their use in the prevention of diseases, such as cardiovascular disease, diabetes, cancer

and neurodegenerative disease (Mata et al., 2016).

NPs, including fruits and vegetables, have been recognised as valuable sources of
bioactive polyphenolic compounds that must be consumed on a daily basis throughout
one’s lifetime, and they are expected to contribute to the discovery of new therapeutic
agents, as they have guided the development of many of the world’s most commonly used
drugs (Gosslau et al., 2010). The investigation of NPs as source of novel human
therapeutics reached its peak in the western pharmaceutical industry in the 1970s and
1980s, which led to a pharmaceutical landscape influenced by non-synthetic molecules
(Koehn and Carter, 2005). The Nobel Prize in Physiology or Medicine that was presented
in 2015 highlighted the importance of NPs such as artemisinin?, which is now part of

standard anti-malarial drugs (Katz and Baltz, 2016).

Additionally, NPs provide important clues to guide the identification and development of
synergistic drugs that, so far, research has largely neglected. Most of these drugs are
predominantly derived from plants and were medicinally used as therapeutic agents such
as salicin from Salix alba (white willow); emetine from Cephaelis ipecacuanha

! Secondary metabolites are organic compounds in the correct chiral configuration to exhibit biological
activity, but have no ‘primary’ function that is directly involved in the development of normal growth or
reproduction of an organism (Krause and Tobi, 2013).

2 Artemisinin is structurally isolated from the leaves of the cinchona tree native to China, and is a
sesquiterpene lactone that bears a peroxide grouping, which its therapeutic actions likely arise from
(Klayman, 1985).



(ipecacuanha); strychnine and brucine from Strychnos nux-vomica (strychnos); quinine
from Cinchona ledgeriana (cinchona bark); colchicine from Colchicum autumale
(colchicum); caffeine from Coffea arabica; nicotine from Nicotiana tabacum; atropine
from Atropa belladonna; and cocaine from Erythroxylum coca (Butler, 2004; Ji, Li and
Zhang, 2009). Subsequently, NPs have been a constant and rich source of inspiration for
analytical and structural chemists to provide the tools for purification and identification
of various compounds in their structures, which, in turn, has provided insights into their

mechanisms of drug action (Ji, Li and Zhang, 2009).

1.2. History of natural product

NPs precede recorded human history, by millennia (Katz and Baltz, 2016). Historically,
they have been the most productive source of bioactive compounds and chemical lead
structures for the discovery and development of new therapeutic agents (Krause and Tobi,
2013). In ancient times, before the Food and Drug Administration (FDA) existed,
civilisations relied on plants and plant extracts to ameliorate ilinesses and promote healing
(Rahman et al.,, 2016). Among such treatments clay tablets in cuneiform from
Mesopotamia (2600 B.C.) reveal the use of oils from Cupressus sempervirens (Cypress)
and Commiphora species (myrrh), which are today still used to treat coughs and colds,

and reduce inflammation (Dias et al., 2012).

The Ebers Papyrus (2900 B.C.) is an Egyptian pharmaceutical record that contains
reports of the usage of over 700 plant-based drugs, including gargles, pills, infusions, and
ointments. In addition, the Chinese Materia Medica (1100 B.C.) and the Tang Herbal (659
A.D.) are ancient records of the uses of NPs (Dias et al., 2012). Later, in 1560, cane sugar,
starch, camphor, and benzoic acid were structurally isolated (Abbasi et al., 2015). K. W.
Scheele (1742-1786) successfully isolated citric, gallic, malic, oxalic, lactic, tartaric and
prussic acids, and glycerol from various NPs (Smeaton, 1986). In 1870, Schiff,
established the first alkaloid structure derived from Coniine® (Abbasi et al., 2015).

Another plant with a historical medical use is Digitalis lanata L., which is derived from

foxglove; in the early years of the 16th century it was used to treat congestive heart failure

3 Coniine is piperidine alkaloids which bears a saturated heterocyclic ring and is known as piperidine in
their structure (Diaz, 2015). It is derived from the seed of Conium maculatum L (Diaz, 2015).



(CHF) (Krause and Tobi, 2013). On the other hand, bioactive metabolites, such as
digitoxin and digoxin, were not utilised until the 1700s and the 1930s, respectively, when
they were found to lead to improvement of CHF (Dias et al., 2012; Lahlou, 2013; Patridge
et al., 2016; Ward and Pasinetti, 2016).

In 1804, opium poppy plants were discovered to manifest anti-analgesic properties when
German pharmacist Friedrich Serturner isolated the active ingredient (morphine) derived
from Papaver somniferum L (Krause and Tobi, 2013; Patridge et al., 2016). In 1827,
morphine was commercialised by Heinrich Merck of the plant alkaloid (Ji, Li and Zhang,
2009; Patridge et al., 2016). However, it wasn’t until the 1870s that crude morphine was
boiled with acetic anhydride to yield diacetyl-morphine (heroin), which it was discovered
could be easily converted to codeine to be used as a narcotic painkiller (Dias et al., 2012;
Ward and Pasinetti, 2016).

In 1829, salicin was extracted from white willow (Salix alba L.) bark and used as an
analgesic (Krause and Tobi, 2013; Shara and Stohs, 2015). The archetypal anti-
inflammatory agent currently would likely be acetylsalicyclic acid, commonly known as
aspirin, which is derived from salicin extract, which was first reported as being used in
this way between 1803 and 1838 (Dias et al., 2012; Ward and Pasinetti, 2016). The study
of the history of NP continuously expanded throughout the 20" century, eventually
reaching the study of anti-bacterials, which resulted in the discovery of penicillin,
cephalosporins, tetracyclines, aminoglycosides, rifamycin, chloramphenicol, and
lipopeptides (Krause and Tobi, 2013).

In the 1950s, scientists further expanded their research to study Caribbean marine
sponges, which led to the synthesis of vidarabine as well as cytarabine, and clinical
approval was eventually received for their therapeutic use in treating viral diseases and
cancer, respectively (Krause and Tobi, 2013). In the 1970s, paclitaxel, isolated from Yew
tree, and commercially known as Taxol, was the most commonly used anti-cancer drug,
but due to commercial barriers to producing sufficient quantities of Taxol, it was only
distributed until late 1992 (Krause and Tobi, 2013).

Between 1981s and 2010s, 34% of the drugs approved by the FDA were based on small-

molecule NPs and their derivatives (Harvey et al., 2015; Han et al., 2016). Between the



1999s and 2013, the FDA approved 28% of 31 drugs among those 112 of the FDA-
approved drugs, as illustrated in the pie chart below in Figure 1.1, although the
proportions of the three different FDA-approved drug categories varied (Ding et al.,
2016). 547 of NPs and their derivatives were FDA-approved drugs by the end of 2013,
representing more than a third (38%) of all FDA-approved drugs (Patridge et al, 2016).

Biological agents
30%

NPs and their derivatives
28%

Synthetic
small
molecules
42%

Figure 1.3.11: A detailed analysis of the 112 FDA-approved drugs between 1999 and
2013 reveals that 28% of those (31 drugs) were derived from NPs and their derivatives,
in comparison to 42% (47 drugs) that were synthetic small molecules, and 30% (34 drugs)
that were biological agents. Figure adapted from Ding et al. (2016).

It is clear that, throughout the 20" century, FDA approval was recognised, as NPs are
better in terms of characterisation, although some remain as complex mixtures, including
Veratrum viride root, ergoloid mesylates and sinecatechins plants (Patridge et al., 2016).
In spite of the complexity of some plant types, the World Health Organisation (WHO)
documented that between 70-80% of the population in developing countries still relies on
herbal medicines, including plants and plant extracts, as their primary healthcare in order
to ameliorate illnesses and promote healing (Rahman et al., 2016; Panday and Rauniar,
2016).

In the new, modern era, the attention of NP researchers has turned to a variety of lead

micro-molecule* structures and their interaction within biological macro-molecule®

4 Micromolecules are structures that possess small molecular weight (MW), such as sugars, phenols,
cinnamic, hydroxytyrosol, gallic, and caffeic acid, cinnamic acid derivatives, flavonoids, and anthocyanins
(Galanakis, 2015).

5 A macromolecule has been defined by Dias (2013) as “a very large molecule, such as a polymer or protein,
consisting of many smaller structural units linked together.”
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activities (Lahlou, 2013; Abbasi et al., 2015). Therefore, there is no doubt that NPs,
particularly those from plants have historically been, and will continue to be, vital sources

of new pharmaceutical compounds.

1.3. Characterisation of Ficus carica L.

Ficus carica L. (F. carica), also known as the common fig, cultivated fig, edible fig, and
wild fig, is considered to belong to one of the largest genera of flowering plants (Lim,
2012; Umerie, 2004). They normally occur as swollen, young twigs that are glabrous or
softly hairy with urn-shaped receptacles or pyriform-obovoid, which simultaneously
present an enclosed inflorescence and syconia® or edible fruit (Abbasi et al., 2015; Galil
and Meiri, 2006). In general, the Ficus species were associated as hemi-epiphytes, which
is a group of strangling or hispid and large woody climbers or trees that can be found
axially or on a trunk, (Dominy et al., 2016). In particular, F. carica is a deciduous shrub
or tree reaching between 4-6 metres in height, with silvery-grey and smooth bark
(Crivellaro and Schweingruber, 2013; EI-Sakhawy et al., 2016; Nautiyal, Bhaskar and
Khan, 2015).

Moreover, F. carica is considered amongst the 37 genera under the Moraceae family, a
taxon that can withstand any tropical or semi-tropical lowland rainforest climate,
including moist, dry, cold cave or rocky sites, or even close to streams (Chen et al., 2015).
F. carica releases a rich, sticky white latex when cut, and induces a complex and volatile
olfactory response; it includes a combination of external plant pigments, graded from
yellowish to brownish violet, by which it relies on the composition of anthocyanin
synthesis along with the potential integration of tannins (Bhatt et al., 2016; Cao et al.,
2016; Giblin-Davis et al., 1995; Ramawat et al., 2014).

The genus Ficus comprises of approximately 800 fig species, which are scattered
throughout the world, including in Europe, India, Afghanistan, Russia, Iran, the Far East
and Africa. Although F. carica is most commonly found in the Middle East, where it was
described to be the first plant to be cultivated by humans, for over 11,000 years (Barolo,
et al., 2014; Chen et al., 2016).

® Syconia is a modern Latin word from Greek, and has been defined by Gray (1880) as resulting “from a
multitude of flowers concealed in a hollow flower-stalk, which becomes pulpy and edible when ripe.”



The use of F. carica dates back to ancient times, where its importance have been
mentioned in the Bible, the Gospels, and named in the Holy Qura’an as “Teen” (Ali et
al., 2015). There is also evidence of the use of F. carica in Ayurvedic’ and Traditional
Chinese Medicine (TCM) (Uddin, 2013).

A study using a statistical method, graded from 0.0 to 3.0 by mean cultural importance
(mCl), has been reported that F. carica was the most cited species of above 2.5 mCI. F.
carica is among the top ten species of wild edible fruits across five localities in the Lesser
Himalayas, namely the Margalla Hills, Haripur, Abbottabad and Murree (Abbasi et al.,
2015). These included Ficus palmata, Bauhinia variegata, Solanum nigrum, Amaranthus
viridis, Medicago polymorpha, Chenopodium album, Cichorium intybus, Amaranthus

hybridus, and Vicia faba, .

Nevertheless, this statistical review was considered reliable as F. carica is traditionally
known as source of food, medicine, fodder, and wood for fuel, construction, sheltering,
and fencing (Abbasi et al., 2015; El-Sakhawy et al., 2016). In addition, it is also an
excellent source of vitamin A and B complex, as well as a significant source of iron,
magnesium (Mg), calcium (Ca), potassium (K), protein, fat, and fibre (Kristbergsson and
Otles, 2016; Weli, Al-Blushi and Hossain, 2015). F. carica is nutritionally awarded by
its potentially high Ca concentration at 235 mg/100 g fruit, (Kristoergsson and Otles,
2016). It has been reported to contain 67.6% protein and 30% iron estimated in 100g of
fruit (Weli et al. 2015 and Khan et al. 2014).

1.3.1 Overview of the biomedical uses of F. carica

There have been many studies examining the contemporary ethno-biomedical uses of F.
carica against different diseases. The first scientific investigation of figs involved its latex
and was conducted by Ullman et al. between 1945 and 1952. Table 1.1 provides some
examples of the ethnomedical uses of fig to combat various diseases, and mainly focuses
on the isolation of secondary metabolites from F. carica. Other medicinal uses, such as
in the treatment of pain in general, and various other ailments and diseases are included.

Overall, a review of various studies (Figure 1.2) revealed the most common treatment of

7 Ayurvedic refers to the ancient Indian medicinal system and methods of disease prevention (Gajalakshmi,
Vijayalakshmi and Deni-Rajeswari, 2012).



F. carica included anti-viral, anti-pyretic, antimutagenic, and anti-depressant properties
(Badgujar et al., 2017; Bhanushali et al., 2014). A formulation of F. carica paste to be
used to relieve constipation in vivo has also been investigated for future clinical trials
(Baek et al., 2016; Lee et al., 2012; Oh et al., 2011).

Different parts of F. carica, including the stem, fruit, latex and leaves have also been
found to have immunostimulant, hypolipidemic, cytotoxic, anti-bacterial and
hepatoprotective effects (Aghel et al., 2011; Ali et al., 2011; Gond and Khadabadi, 2008;
Irudayaraj et al., 2016; Jing et al., 2015; Joerin et al., 2013; Khodarahmi et al., 2011; Ma
et al., 2016; Mujeeb et al., 2011; Saoudi and EI Feki, 2017; Singab et al., 2010; Stephen
Irudayaraj et al., 2017; Turan and Celik, 2016; Yang et al., 2015). Antihelmintic,
anticancer and antiangiogenesis studies have also been conducted on F. carica latex and
leaves (Badgujar et al., 2017; Conforti et al., 2012; De-Amorin et al., 1999; Eteraf-
Oskouei et al., 2015; Hashemi et al., 2011; Menichini et al., 2012; Tezcan et al., 2014).
Previous studies have disclosed further medicinal benefits of F. carica fruit, including
anti-wrinkle, anti-pigmentation, and antioxidant, H202, 1,1-diphenyl-2-picrylhydrazyl
radical, and 2,2-diphenyl-1-(2,4,6-trinitrophenyl) hydrazyl (DPPH) scavenging
properties. Leaf parts have been reported to exhibit anti-inflammatory, hypoglycemic,
and hypocholesterolemia activities. The latex has been shown to demonstrate anti-wart,
anti-fungal activity and haemostatic effects (Badgujar et al., 2017; Canal et al., 2000;
Ghimeray et al., 2015; lrudayaraj et al., 2016; Pérez et al., 1999; Pérez et al., 2000; Pérez
et al., 2003; Raskovic et al., 2015; Serraclara et al., 1998; Yang et al., 2009). However,

the use of F. carica against neurodegenerative diseases has barely been studied.



Table 1.1: Chemical compositions that have been isolated from F. carica.

Extract/ Area of Part Treatment Biological subject References
secondary metabolite  collection
Lipophilic extracts Korea Not Anti-viral Murine norovirus (MNV) (Seo and Choi,
defined Feline calicivirus (FCV) 2016)
Lipophilic extracts North Western ~ Root, leaf, Anti-microbial Staphylococcus aureus (S. (Sharma et al.,
Himalaya flower aureus) 2016)
Lipophilic extracts USA Fruit Anti- bacterial Mycobacterium tuberculosis  (Coronado-Aceves
(M. tuberculosis) etal., 2016)
Lipophilic extracts China Not Anti-bacterial Chromobacterium violaceum  (Sun et al., 2015)
defined (C. violaceum) and
Pseudomonas aeruginosa (P.
aeruginosa)
Lipophilic extracts Not defined Latex Anti-viral Caprine Herpesvirus 1 (Camero et al.,
(CpHV-1) 2014; Camero et
al., 2015)
Helvolic acid methyl ~ China Leaf Anti-bacterial Bacillus subtilis (B. subtilis)  (Liang et al., 2016)
ester and S. aureus
Cis-1,4-polyisoprene  Montenegro Latex Anti-fungal Staphylococcus aureus (S. (Raskovic, et al.,
cerevisiae) 2015)
Lipophilic extracts Turkey Leaf Anti-bacterial S. aureus, Listeria (Nostro et al.,
monocytogenes 2016)
(L.monocytogenes), Escheric
hia coli (E. coli) and P.
aeruginosa
Lipophilic extracts Oman Leaf Anti-bacterial S. aureus, E. coli and P. (Weli et al., 2015)

aeruginosa




Bergapten, Not defined Leaf Nematicidal activity Bursaphelenchus xylophilus®  (Guo et al., 2015)
furocoumarin and

psoralen
Lipophilic extracts Iran Root, stem Anti-cytotoxic HelLa cell line (Ghafari et al.,
and leaf 2015)
Linolenic acid methyl Italy Leaf and Anti-phototoxicity Human amelanotic melanoma (Conforti et al.,
ester bark (C32) cell line 2012)
bergapten and
psoralen
Fruit paste Korea Fruit Anti-constipation Sprague—-Dawley rats (Lee et al., 2012)
Fruit paste Not defined Fruit Anti-constipation Patient clinical trial (Sardari et al.,
2015)
Furanocoumarin Italy Fruit Anti-melanocarcenoma  Human melanoma cell line (Marrelli et al.,
2012)
Fruit, powdered Turkey Dried fruit  Anti-hepatotoxicity Wistar albino rats (Turan and Celik,
2016)
Ficusin India Leaf Anti-diabetic and anti- Wistar rats (Irudayaraj et al.,
lipidemic 2016)
Lipophilic extracts Iran Leaf Fertility NMRI male mice (Naghdi et al.,
2016)
Ficutirucin as China Fruit Anti-cancer Human osteosarcoma U20S,  (Jing et al., 2015)
tirucallane-type HepG2 (human
triterpenoids hepatocellular liver

carcinoma) and MCF-7
(human breast
adenocarcinoma) cell lines

8 Guo et al. (2015) state that, “Bursaphelenchus xylophilus is one of the pine wood nematodes and is normally the pathogen of pine wilt disease, which has greatly
damaged some pine species and become a severe worldwide threat to forest resources.”



Lipophilic extracts

Lipophilic extracts
Formulated fruit

extract
Lipophilic extracts

Polysaccharide

Lipophilic extracts
Lipophilic extracts
Lipophilic extracts
Lipophilic extracts
Lipophilic extracts

Hydrophilic extract,
polysaccharides

Turkey

Iran
China

Iran

China

Turkey
India
Iran

Iran
Pakistan

China

Latex

Leaf

Fruit

Leaf

Fruit

Leaf

Fruit

Leaf

Leaf

Fruit

Fruit

Anti-cancer

Anti-angiogenesis and
anti-inflammation
Anti-wrinkles

Anti-obesity
Anti-bacterial, anti-
inflammation and
immunostimulants
Anti-bacterial
Anti-diabetic and anti-
lipidemic

Anti-cardiac arrhythmia
Anti-angiogenic

Anti-bacterial

Anti-cancer

Human glioblastoma
multiforme (U-138 MG,
T98G, and U-87 MG) cell
lines

Wistar rats

Clinical study in women

Lipase assay kit

Flavobacterium columnare
(F. columnare), grass carp
fish

Candida Albicans (C.
Albicans)

Swiss Albino mice

Wistar rats
HUVECs endothelial cell line
Salmonella typhi (S. typhi) P.

aeruginosa and E. coli
C57BL/6 mice

(Tezcan et al.,
2014)

(Eteraf-Oskouei et
al., 2015)
(Ghimeray et al.,
2015)
(Gholamhose et al.,
2010; Seyedan et
al., 2015)

(Yang et al., 2015)

(Okmen et al.,
2014)

(Kannur and
Khandelwal, 2012)
(Allahyari et al.,
2014)

(Ghambarali et al.,
2014)

(Shad et al., 2014)

(Tian et al., 2014)
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F. carica plants and paste Stem and Bark ‘
= Anticancer 4% = Cytotoxicity effect 1%
M Constipation 3% H Antipyretic 1% i-angi ic 19 i o
o ° ‘ o = Antibacterial activity 1% = Anti-angiogenic 1% Haemostatic effect 1%
W Antiviral 1% i Antimutagenic 1% = Antiwarts 1% = Antifungal activity 1%
® Erythropoietic 1% M CNS depression 1% = Hepatoprotective effect 1% m antibacterial activity 1% = Anthelmintic activity 1%
W Hepatoprotective 5%  Hypoglycemic 7%
H Hypolipidemic 4% i Anti-inflammatory 1%
= Cytotoxicity effect 3% = antioxidant H202, DPPH scaveging 3% & Antihelmintic 1% ® Antimicrobial 1%
= Imune response 1% Anti rinkle and anti pegmentation 1% B Immunostimulant 1% W Antiangiogenesis 1%
= Hypolipidemic 1% = antispasmodic and antiplatelet activities 1% B Antiacancer melanoma 1% m Hypocholesterolemic 2%
= Hepatoprotective effect 1% M Cytotoxicity 2%

Figure 1.2: Pie chart analysis of ethnomedicinal studies of different parts of F. carica and the number of articles published from 2013 to
2017 for their effects in percentages.
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1.3.2 Phytochemistry of F. carica

According to Chawla et al. (2012), phytochemicals are compounds or secondary
metabolites produced by plants for a variety of protective reasons. A series of bioactive
compounds have been documented for F. carica in a literature review conducted by
Badgujar et al. (2014). The schematic list in Figure 1.3 includes amino acids, organic
acids, fatty acids, triterpenoids, and phytosterols, as well as flavonoids (e.g.,
hydrocarbons, aliphatic alcohols, and polyphenolic compounds) and non-flavonoids (e.qg.,
curcuminoids). Elements of the overall set of bioactive compounds include different
classes of secondary metabolites. In two notable studies (Solomon et al., 2006; Barolo et
al., 2014), evidence was found to suggest that the isolation of a range of coumarins, along
with esters of phenylpropanoidic acids, occurred in the leaves and roots of various Ficus
species (spp.), including F. carica, F. hispida, and F. septica. In addition, two of the
studies found that polyphenols occurred in fruits.

Triterpenoids are also found in plants in a free form, but also as esters and glycosidic
conjugates called saponins (Ruamrungsri et al., 2016). These forms differ in their polarity
and water-solubility, and, consequently, they are accumulated in different plant organs
and cellular compartments (Ruamrungsri et al., 2016). Low-polarity compounds located
in free and esterified forms have been identified in significant quantities within stem bark
and surface cuticles, especially in the leaves and edible fruits, including Ficus spp.
(Ruamrungsri et al., 2016). Nevertheless, it is important to note that the triterpenoids
produced in fruits are regularly lost when fruits are peeled or processed into certain
products (e.g., juices). In general, phytochemicals of this kind can be identified in latex,

leaves, fruits, and roots (Badgujar et al., 2014; Mawa et al., 2013).
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Polyphenols

. " . Other polyphenols

Flavonoids Non-Flavonoid e.g. cupru}/nF;inoids

Flavonols e.g.

querce_tin _and Lignans e.g. Stilbenes e.g. B vl

myricetin pinoresinol reveratrol Rlenaliiacid
Flavones e.g. Hydroxybenzoic acid e.g.
apigenin and | gallic acid and
luteclin | protocatechiuc acid

Isoflavones e.g.
genistein and
glycitein

| Hydroxycinnamic acid e.g.
caffiec acid and ferulic acid

Anthroyanidins e.g.
cyanidin and
pelargonidin

Flavanols e.g.
catechin and
theoflavin

Figure 1.3: Classification of polyphenols (Essa et al., 2016).

1.3.2.1 Phytochemicals previously isolated from F. carica fruit

A literature review of the identified secondary metabolites from fruits of F. carica was
carried out by Barolo et al. (2014), which highlighted ten different classes of compounds
including: 1) anthocyanin (cyanidine-3-O-glucoside [1], cyanidine-3-O-rhamnoglucoside
[2], rutinoside [3], (epi)catechin-(4-8)-cyanidine-3-glucoside [6], glucoside, cyanidine-
3,5-diglucoside [7], cyanidine -3-O-glucoside [8], pelargonidin -3-O-glucoside [9],
malonyl, cyanidine-3-malonylglucoside [10]); 2) alcohol (benzyl alcohol [11],
phenylethyl alcohol [12], 4-methyl-butanol [13], methyl alcohol [14], ethyl alcohol [15]
and 1-Penten-3-ol [16]); 3) ketones (6-Methyl-5-hepten-2-one [17]); 4) norisoprenoids
(R-cyclocitral [18]); 5) esters (methyl hexanoate [19], methyl salicylate [20] and ethyl
salicylate [21]); 6) aldehydes (2-methylbutanal [22], (E)-2-pentanal [23], (Z)-2-heptanal
[24], (E)-2-hexanal [25], (E)-2-nonanal [26], hexanal [27], heptanal [28], octanal [29],
nonanal [30], benzaldehyde [31], 2-Methyl-2-butanal [32] and 3-Methyl-butanal [33]); 7)
flavonol (kaempferol 3-O-utinoside [34], quercetin acetyl glucoside [35], quercetin 3-O-
nrutinoside [36], and quercetin 3-O-glucoside [37]); 8) flavones (luteolin-(6-hexose-8-
pentose) [38] and apigenin-6-rutinoside [39]); 9) phenalic acids (chlorogenic acid [40]);

and 10) miscellaneous compounds (eugenol [41]), as illustrated in Figure 1.4.
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Figure 1.4: ldentified compounds from fruits of F. carica (Barolo et al., 2014; Loizzo et

al., 2014).

The occurrence of 40 compounds (Figure 1.5) included: pinene [70], eucalyptol [71],

arsenous acid [72], quinoline [73], terpinolene [74], linalool oxide [75], levoglucosan

[76], ferulic acid [77], isoeugenol [78], isoferulic acid [79], resorcinol [80], guaiacol [81],

pyrocatechol [82], vanillic acid [83], vanillin [84], pyrogallol [85], P-cresol [86], O-cresol

[87], oxalic acid [88], hexadecane [89], glycerol [90], isovaleric acid [91], ethyleneglycol

[92], citric acid [93], linalool [94], lactic acid [95], octanedioic acid [96], nonanedioic

acid [97], decanedioic acid [98], eicosanol [99], eicosenoic acid [100], valeric acid [101],

caproic acid [102], heptanoic acid [103], nonanoic acid [104], dodecanoic acid [105],
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tridecanoic acid [106], tetradecanoic acid [107], pentadecanoic acid [108] and
pentacosanoic acid [109] have been reported in the pulp (endocarp) and peel (exocarp) of
F. carica, and traces of these compounds have also been found to occur in the leaves of
F. carica (Oliveira et al., 2010).

These compounds have been found to possess antioxidant and antimicrobial properties
(Silva et al., 2004; Oliveira et al., 2009; Valentéo et al., 2005). Naidu (2003) and Sousa
et al., (2009) have reported that ascorbic acids and citric acid [93] are likely the most
widely distributed water-soluble antioxidant in vegetables. On the other hand, Oliveira et
al. (2008) found that citric [93] and mallic acid [153] are commonly found in fruits, while
oxalic acid [88] is present in higher amounts in green leaves. The authors also found that
the rutinoside content in peel was significantly higher than that found in pulp and leaves,
while [43] occurred in pulp at significantly higher levels when compared with peel.
Oliveira et al. (2010) also indicated that the most abundant chemical compositions in the
pulp and peel of F. carica are triterpenoids, and others such as compounds [20], [43],
[55], [63], [68], [71], [73], [74] and [75].
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Figure 1.5: Other compoundss reported in aqueous lyophilised pulp extracts of F. carica,
peel, and traces in leaves (Oliveira et al., 2010; Ribechini et al., 2011).

1.3.2.2 Phytochemicals previously isolated from F. carica leaves and roots

In In general, triterpenoids and sterols have been identified in the roots and leaves of
different Ficus spp. (Lansky et al., 2008). In particular, sterols (baurenol [49], 24-
methylenecycloartanol [50], y-taraxasterol [51] and lupeol [52]) have been identified in
the roots and leaves of F. carica (Figure 1.6), as well as terpenes, including monoterpenes
(Limonene [55] and Menthol [56]) and sesquiterpenes (guaiene [57], B-gurjunene [58],
caryophyllene [59], a-murolene [60], a-cubebene [61], copaene [62], t-muurolene [63],
a-ylangene [64], B-bourbonene [65], B-elemene [66], alloaromadendrene [67] and
germacrene D [68]). Other phytochemical compounds, including aldehydes ([23], [25],
[27] and [33]); alcohols ([11], [12], [13], [15] and [16]); esters ([19], [20], [21], methyl
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butanoate [53], Hexyl acetate [54]);

coumarins (bergapten [42], psoralen

ketone (pentanone [48]); norisoprenoid [18];
[43], marmesin [44], umbelliferone [45] and

coumaric acid [46]); flavonoid (rutinoside [3]); and miscellaneous compounds

(nonalactone [69]) were identified in F. carica leaves and roots, as well (Barolo et al.,

2014).
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Figure 1.6: Identified compounds of F.

carica in leaves and root (Barolo et al., 2014).

1.3.2.3 Phytochemicals previously isolated from F. carica’s latex

As documented by Lansky et al. (2008), Ficus spp are characterised by the presence of

latex-like material within their vasculatures. As a consequence of the presence of this
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material, members of the species possess defensive and self-healing properties. Kim et
al. (2008) noted how latex is constituted of the cytoplasmatic fluid of laticiferous tissues,
which include the typical organelles of plant cells (including nuclei, mitochondria,
ribosomes, and vacuoles). To be more specific, latex has been classified as an aqueous
suspension of a complex molecular mixture, where the molecules are located in dedicated
secretory cells of the plants (namely, laticifers). These laticifers facilitate the synthesis
and storage of a range of secondary metabolites in considerable quantities, which
Agrawal and Konno (2009) state include terpenoids, alkaloids, sterols, proteins, and
tannins. Figure 1.7 presents the organic compounds of F. carica latex identified in the

literature.

According to Oliveira et al. (2010), the organic acids profile of F. carica latex is
composed of six organic acids ([88], [93], shikimic acid [151], quinic acid [152], malic
acid [153] and fumaric acid [154]). These compounds have previously been reported to
exist in F. carica pulp, peel, and traces in leaves (Oliveira et al. 2010). Additionally,
Barolo, Mostacero et al. (2014) reported the presence of 13 fatty acids (myristic acid
[110], pentadecanoic acid [111], palmitic acid [112], heptadecanoic [113], stearic acid
[114], arachidic acid [115], heneicosanoic acid [116], behenic acid [117], tricosanoic acid
[118], lignoceric acid [119], oleic acid [120], elaidic acid [121] and linoleic acid [122]);
six steroids (betulol [123], lanosterol [124], 6-O-linoleyl-R-D-glucosyl--sitosterol [125],
6-0-palmitoyl-R-D-glucosyl--sitosterol  [126], 6-O-oleyl-R-D-glucosyl-R-sitosterol
[127] and 6-O-stearyl-R-D-glucosyl-R-sitosterol [128]); and 14 amino acids in latex
(histidine [132], tryptophan [133], asparagines [134], glutamine 135], phenylalanine
[136], tyrosine [137], phenylalanine [138], serine [139], glycine [140], alanine [141],
leucine [142], cysteine [143], ornithine [144] and lysine [145]).

Nevertheless, the presence of monoterpenes, including [55], [71], [74], [75], pinene [149]
and o-thujene [150]; sesquiterpenes, including [57], [59], [63], [65], [68], trans-a-
bergamotene [129], cadinene [130] and a-calacorene [131]; alcohols, including [12], [13],
[16], hexanol [146], heptanol [147] and phenylpropyl [148]; aldehydes, including [27],
[28] and [31]; ketone, including [17]; and other compounds, such as [20], [43] and [73],
were also reported by Barolo et al. (2014) to characterise F. carica latex. Some of these

compounds have been identified in F. carica fruit, pulp and peel.
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Figure 1.7: Identified compounds of F. carica in latex (Barolo et al., 2014).

In addition to what Barolo, Mostacero Silvia and Lopez (2014) reported in steroids, recent
studies, such as those by Ribechini and colleagues (2011), and Soltana and colleagues
(2016), have identified a number of phytosterols in F. carica latex, including Lupeol
acetate [156], Lupeol [157], Cholesterol [158], Ergosterol [159], Taraxasterol [160],
Campesterol [161], Coprostanol [162], Coprostanol [163], Cholestanol [164], Clerosterol
[165], Campestanol [166], Brassicasterol [167], B-Amyrin [168], B-Sitosterol [169],
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Sitostanol [170], Stigmasterol [171] and Stigmastanol [172], as shown in Figure 1.8

below.
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B-Sitosterol [160] Sitostanol [170] Stigmasterol [171] Stigmastanol [172]

Figure 1.8: Identified steroid compounds of F. carica in latex (Ribechini, et al., 2011,
Soltana et al., 2016).

Some of the phytoconstituents of F. carica are produced in the preparation of sunscreen
and colouring agents, such as [43]. In addition to this, several studies, including those by
Badgujar et al. (2014), Chawla et al. (2012), and Mawa, et al. (2013) have identified
notable biological characteristics, including antioxidant activity, anti-cancer properties,
anti-inflammatory, and hypolipidemic effects. Nevertheless, it is important to recognise
that the extant literature pertaining to the issue of the biological properties for anti-

Alzheimer’s compounds is not extensive.

1.3.3 F. carica in Alzheimer disease prevention

One notable recent study was conducted by Subash et al. (2017), which examined the
effects of supplementing diets of Alzheimer disease transgenic mice with figs. This

resulted in an anti-anxiolytic impact along with memory enhancement, which was
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accounted for by the high levels of antioxidant active components in figs (for example,
flavonoids and, more specifically, quercetin). Other notable results included decreased
impact in the plasma Api-40 and APi-42 levels, as well as decreased impact in AChE
activity; enhanced depletion of GSH levels and Na® K" ATPase; and a significant
inhibitory impact on the accumulation of MDA observed in oxidative stress, glutathione
peroxidase (GPx), glutathione reductase (GR), and the protein carbonyl levels in the

cerebral cortex and hippocampus of AD Tg mice.

Another study of the use of figs was conducted by Essa et al. (2015), a research team
based in Oman. Notably, the researchers reported that the inhibitory impact of AD-like
AP, inflammatory cytokines, and ATP inhibitions in aged APPsw/Tg2576 mice was
significant. In light of the AD prevention via Ficus spp. extracts, Oliveira et al. (2010)
carried out a study and found that crude F. carica latex exhibited a prominent inhibitory
impact on AChE activity with ICso of 5 mg/mL,; this result was noteworthy, compared to
leaves, pulp, and peel, which showed no impact with respect to the enzyme.
Contrastingly, Ariffin and Hasham (2016) found that Ficus deltoidea extracts from leaves
exhibited potent antioxidant activity against 1,1-Diphenyl-2-picrylhydrazyl radical,
DPPH free radicals with I1Cso of 3.5 mg/mL. The same found to be true of the n-hexane,
chloroform, acetone, methanol, n-butanol, and water extracts of the leaves of F. carica
from Turkey, which were screened for AChE and BChE inhibitory activity (Loizzo et al.,
2014). The researchers found that n-hexane and acetone extracts have a significant
inhibitory impact with respect to both AChE (62.9% and 50.8%, respectively) and BChE
(76.9% and 45.6%, respectively).

1.4. Alzheimer’s disease

As the most prevalent neurodegenerative condition, Alzheimer’s disease (henceforth AD)
is the common type of dementia (Ahmad, 2012). Here, it should be noted that, according
to the definition given by Raskind et al. (1995), dementia should be regarded as a
condition in which the complications include the gradual degradation of a sufferer’s
cognitive faculties (including memory, reason, judgement, and language), thereby
decreasing quality of life due to the individual’s inability to complete previously
accomplishable tasks. Regarding the aetiological underpinnings of progressive memory
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impairment, cognitive deficits, and functional alterations, AD constitutes the primary
contributing factor, as well as Tonnies and Trushina (2017) provided evidence to suggest
a link between AD and neuropsychiatric conditions among older people (e.g.,

hallucinations, delusions, aggressiveness, and irritability).

1.4.1 The significance of Alzheimer’s disease

At present, over 5 million individuals in the United Kingdom have been diagnosed with
AD; approximately 47.5 million sufferers have been diagnosed worldwide, and an
estimated 7.7 million new diagnoses occur annually (T6nnies and Trushina, 2017; Islam
et al.,, 2017). Furthermore, given that dementia is expected to have an impact on
approximately 5% to 8% of all individuals older than 60, the number of AD diagnoses in
the coming years is expected to increase with the growth of the elderly population (Islam
et al., 2017). AD prevalence worldwide for individuals aged over 65 years is
approximately 5%, and for individuals aged over 85 years, prevalence has been estimated
at around 30% (Ahmad, 2013; Huang et al., 2013).

Epidemiological research indicates that AD prevalence varies based on an individual’s
age: for individuals aged between 65 and 69, prevalence amounts to 1%; for individuals
aged 70 to 74, prevalence has been estimated at 3%; and for those aged 80-84, and 85 and
above, prevalence has been estimated at 12% and 25%, respectively (Maczurek et al.,
2008). Another notable statistic that further highlights the significance of AD is that while
global prevalence amounted to 26.6 million diagnoses in 2006, this figure is expected to
reach 106.4 million by 2050 (Athari et al., 2017; Habtemariam, 2018b). Notably, Islam
et al.’s (2017) forecast for 2050 with respect to dementia is even more severe, stating a
figure of 135.5 sufferers. However, since AD is a fundamental aetiological underpinning
of dementia (associated with 60-70% of new diagnoses), this has critical implications for

AD prevalence in the coming years (Islam et al., 2017).

1.4.2 Pathophysiological theory of Alzheimer’s disease

In the majority of cases, AD arises sporadically, and the aetiological underpinnings of the
condition are not well understood. However, it has been hypothesised that AD occurs as
a consequence of environmental factors, genetic risk factors, gender, age group, and

mitochondrial haplotypes. According to Maczurek et al. (2008), sufferers of AD are
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essentially uniform in the way they present with gradual neuronal cell loss, and this is
linked to region-specific brain atrophy. Some scholars, including Athari Nik Azm et al.
(2017) have provided strong support for the idea that the occurrence of AD is linked to

intricate mechanisms within the brain over a considerable timespan.

In a review of the literature, Jomova et al. (2010) concluded that the primary explanation
for AD onset that the last twenty years was the over-accumulation of AB-amyloid (Ap)°.
The primary hypothesis associated with AP cascade connected it with the basal forebrain
(collection of cholinergic neurons), including the basal nucleus of meynert, followed by
deposition as oligomers or neurofibrillary tangles characterised by toxicity (Jomova et al.
2010). These toxic oligomers or neurofibrillary tangles have been identified as mainly
constituted of an irregular type of tau protein, which is a microtubule-associated protein
typified by significant water solubility. It is closely linked to the cytoplasm of pyramidal
neurons, and research has suggested that it facilitates the disruption of synaptic function
within the neurotransmitters (Bernhardi and Inestrosa, 2008; Jomova et al., 2010).
Consequently, a reduction in the efficacy of information transmission was hypothesised
to take place among neuronal cells, thereby resulting in neuronal degeneration and,
ultimately, dementia (Bernhardi and Inestrosa, 2008; Jomova et al., 2010).

The pathological mechanism by which the over-accumulation of AP takes place is not
known to contemporary medical researchers. Notably, and as highlighted by Jomova et
al. (2010), in the last 20 years the AP cascade theory has become a ‘null hypothesis’.
Scientists have since begun to support the ‘alternative hypothesis’, which suggests that
the pathogeneses of AP cascade is not an initiating event but is rather a secondary event
of the disease (Jomova et al., 2010). Irrespective of this dichotomy and, furthermore,
uncertainty regarding the issue, studies such as those by Athari Nik Azm et al. (2017),
Jomova et al. (2010), and Tonnies and Trushina (2017) have argued that the AP cascade
has the capacity to produce free radicals as a consequence of the oxidative stress action
mechanism. When taken together, then, a majority proportion of the literature addressing
the issue of the pathology of AD and, to a lesser extent, Parkinson’s disease (PD),

° AB-amyloid is a peptide of 39-43 amino acids, and appears to be the main constituent of amyloid plaques
in the brains of AD sufferers (Jomova et al., 2010).
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associate the causes of the two conditions with empirical evidence connected to oxidative

stress within the brain (Jomova et al., 2010).

1.4.3 Oxidative stress

It is unsurprising that the idea of oxidative stress (OS) involves the significant generation
of free radicals'® and reactive oxygen species (ROS), which are produced as a
consequence of mitochondrial aberrances. This takes place as a result of a functional
disequilibrium with respect to ROS, including NADPH oxidase activation, and reactive
nitrogen species, including nitric oxide synthase (NOS) activation (Athari et al., 2017;
Rahman, 2016). As outlined by Sultana et al. (2013), the role played by radical-mediated
oxidative damage in the context of neurodegenerative disorder pathogenesis is firmly
established. A report by Jones (2016) confirms these findings, where the role of OS in
aging is described as having the potential to arise as a consequence of disequilibrium
between pro-oxidants and antioxidants, characterised by extensive and destructive free
radical chemistry. This can take place as a result of the inhalation of toxic gas (e.g.,
cigarette smoke), as well as age-related conditions, the chief implication being that older
individuals and smokers ought to elevate their consumption of antioxidants with radical-

scavenging abilities (Sultana et al., 2013).

In another noteworthy study conducted by Butterfield et al. (2010) and Sultana et al.
(2013), the primary characteristics of enhanced OS in a human brain suffering from AD
include free radical attacks on polyunsaturated fatty acids (PUFASs). Ultimately, this
results in the establishment of highly reactive electrophilic aldehydes, which include
malondialdehyde (MDA) and 4-hydroxy-2-nonenal (HNE) as the primary products, along
with acrolein (Acr, the biomolecule typified by the greatest level of reactiveness).
Significantly, each of these biomolecules is neurotoxic, and so preventive measures

should be taken to safeguard against their negative impacts.

Owing to the fact that the brain is highly sensitive to oxidative stress - this 1300 g organ
is consuming 20-30% of the oxygen inhaled by the average person - its elevated level of

0 The most common of free radicals reported are hydroxyl (OH"), superoxide (Oz ) and nitric monoxide
(NO"). However, H,O, and peroxynitrite (ONOQO") are not free radicals, but are reported to produce free
radicals through various chemical reactions (Uttara et al., 2009).

24



sensitivity with respect to OS is self-evident due to the expression of endogenous
enzymes (Sultana et al., 2013). In terms of redox transition metals, these perform a critical
function in initiating and propagating the torrent of reactions beginning with electron
abstraction from the conjugate double-bond system of fatty acid acyl chain. It is important
to recognise, as shown in Figure 1.9, that the abovementioned process results in the
targeting of the generation of lipid peroxidation process. At the same time, the issue is
implicated in protein glycoxidation production and a series of reactive aldehydic
intermediates, referred to as ‘free carbonyls’, in the central nervous system (CNS). As
documented in the work of Sultana et al., (2013) and Rahman (2016), these free carbonyls
include MDA, 4-hydroxy-2-nonenal (4-HNE), and acrolein.

Furthermore, it is noteworthy that the aldehydes rapidly attack, modify, and deactivate
proteins, thereby producing hydrophilic protein-bound carbonyls. In turn, this facilitates
the alteration of cellular metabolism, as well as the down-regulation of the endogenous
antioxidants, including reduced glutathione antioxidant enzymes, and glutathione
peroxidase (Athari et al., 2017; Kawaguchi-Niida et al., 2006). At the same time, the
redox pathway and the issue of cellular stress centres around one particular idea within
free radical theory, highlighted in the literature, that a fundamental underpinning of OS
is the disturbance of connective circuits owing to the following reasons: (i) the inhibition
of electron transfer and the obstruction of functional redox pathways; (ii) the short-
circuiting of typically insulated electron transfer pathways; and (iii) interference with the
gating mechanisms that are responsible for regulating redox pathways (Rahman, 2016).
From the perspective of the redox system, OS can be regarded as a type of perturbation
with respect to the overall non-equilibrium redox system. As such, the perturbation could

denote an overly-high ROS concentration (Rahman, 2016).

When taken together, ROS are characterised by elevated instability and a high capacity
to react with proteins, nucleic acids, lipids, and every other macromolecule (Sultana et
al., 2013). In the context of the brain, the aggravation of events of this kind takes place
to an even greater extent owing to the way in which neuronal cells are generally incapable
of neutralising free radicals. As noted by Essa et al. (2015) and Sultana et al. (2013), this
inability stems from the general scarcity of internal enzymatic and external non-

antioxidants. Therefore, it has been hypothesised that the perturbation of all the above-
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noted functions displayed by acrolein to address brain dysfunction, leading to AD. Taking
this into account, the purpose of the present literature review is to outline the way in which

acrolein production in the brain can be mitigated with reference to an in vitro human

neuronal model.
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Figure 1.9: The proteolytic cleavage of the amyloid precursor protein (APP) produces
AP as a consequence of the secretase action. Following its production, AP is subjected to
aggregations, after which its deposition takes place in an extracellular way in the form of
senile plaques. Oligomeric AP has the capacity to facilitate its own insertion into the lipid
bilayer, as a consequence of which the lipid peroxidation process is initiated. This gives
rise to highly reactive products, including MDA, HNE, and acrolein, where the latter two
have the capacity to react with proteins. In turn, acrolein-protein adducts or HNE-protein
adducts change the functional and structural characteristics of the proteins, thereby
leading to impairment. This result is linked to the following: (i) lowered autophagy; (ii)
a reduced rate of unfolded response ubiquitin-proteasome system (UPS); (iii) reduced
glucose metabolism; (iv) lowered antioxidant defence; (v) defective neuronal axons; and
(vi) lowered adenosine triphosphate (ATP) production (and, consequently, neuronal
trafficking). Over the course of AD’s onset, cellular impairment gives rise to AD
pathogenesis (Barone et al., 2016; Sultana, Perluigi and Butterfield, 2013).

Acrolein (Acr), is (2-propen-1-al) the strongest electrophilic a,B-unsaturated aldehyde

among the unsaturated aldehydes, and is a ubiquitous byproduct of lipid peroxidation
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(Moghe et al., 2015; Tsou et al., 2016). One of the most notable findings reported by
Moghe et al. (2015) with respect to Acr is the identification of unsaturated aldehyde as a
significant danger to public health, and one, which is abundant in almost all domestic and
educational environments. In addition, Acr is a diverse chemical family, and the
commonly found water-soluble type 2 alkenes have been identified in alcoholic
beverages, water, and food products, ranging from donuts to coffee. Acr has also been
identified as arising when organic materials are burnt, for example, timber, tobacco, and
cooking oils, as well as beer, wine and rum (Carini et al., 2003; Huang et al., 2013a;
LoPachin et al., 2008; Moghe et al., 2015; Tsou et al., 2016).

Chemicals in this family, which includes other well-known neurotoxicants, for example,
acrylamide and acrylonitrile, are characterised by a conjugated structure formed when an
electrophilic group (e.g., carbonyl) is linked to an alkene carbon (LoPachin et al., 2008).
Owing to the fact that the pi electrons of a conjugated system are characterised by a
significant capacity to be polarised, the a, B-unsaturated carbonyl structure of Acr, along
with different type 2 alkenes, is a soft electrophile (LoPachin et al., 2008). Michael-type
adducts are typically established as a result of soft electrophiles, and these create soft
nucleophiles, which have toxicological significance as evidenced by the way in which
numerous neuronal processes, including the emission neurotransmitter incorporate
proteins, are governed by the redox state of specific cysteine sulthydryl groups (LoPachin
et al., 2008).

In clinical terms, the most effective estimate at present for the tolerable daily intake of
Acr is 7.5 pg/kg, which is based on body weight (Moghe et al., 2015). With respect to
Acr levels that result from metabolic processes, quantifying this is not straightforward,
but it is known that they can be with a critical effect under particular cellular
microenvironmental conditions. In individuals suffering from AD, Acr has been
identified as existing in significant quantities in the hippocampus and the temporal cortex,
with the particularly notable finding being that levels were almost five times greater when
compared to HNE in the same group of patients (Bradley et al., 2010; Huang et al., 2013a;
Huang et al., 2013b; Huang et al., 2014). At the same time, these studies have drawn

attention to the way in which Acr facilitates the hyperphosphorylation of microtubule-
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associated protein tau, while elevating AP aggregation in senile plaques (see Figure 1.8)

(Bradley et al., 2010; Huang et al., 2013; Huang et al., 2014).

One of the most notable findings of a study by Uchida et al. (1998) was the initial
confirmatory report that an acrolein-lysine adduct is associated with the oxidation of
human low-density lipoprotein (LDL). Notably, the researchers indicated that certain
antibodies are present against the adduct in vivo (Uchida et al., 1998). In a study by Tsou
et al. (2016), the researchers found that the quick incorporation of Acr can take place with
respect to proteins, thereby producing what is referred to as a protein-conjugated acrolein
(PC-Acr). The study demonstrated that in the brains of AD sufferers, when compared
with control groups, either PC-Acr or free-form Acr is present at a higher level (Tsou et
al., 2016). Notably, studies conducted by Huang et al. (2013) and Huang et al. (2014)
reported that lithium plays a role in significantly mitigating Acr-induced oxidative
damage in HT22 neuronal cells. The two studies taken together confirm that the
mechanism of action in this context was the inactivation of glycogen synthase kinase-3p3
(GSK-3p), which resulted in the uP-regulation of the anti-oxidative capacity of HT22
cells (Huang et al., 2013; Huang et al., 2014).

Previous studies have identified anti-oxidant epigallocatechin gallate polyphenols and
pycnogenol, a patented combination of bioflavonoids and polyphenols extracted from the
bark of French maritime pine (Pinus maritima), and primarily characterised by high levels
of catechin, epicathechin, and taxifolin, and which have been found to protect human
neuroblastoma SH-SY5Y cells from acrolein-induced damage through the attenuation of
ROS, an uP-regulation glutathione system, and the prevention of lipid peroxidation
(Ansari et al., 2008; Huang et al., 2010). Two recent studies, by Nama et al. (2010) and
Belkacemi and Ramassamy (2016), reported that anthocyanins (a certain group of
polyphenols) administered at the level of 5 uM play a protective role for SK-N-SH
neuronal cells with respect to Acr-induced oxidative damage. The two studies confirmed
that this takes place via the up-regulation of glutathione within the transcription of nuclear
factor erythroid 2-relates factor 2 (Nrf2). In addition, Huang et al. (2013a) identified that
caffeic acid (25 pM) and caffeic acid phenanthryl ester (30 uM) play a critical role in up-
regulating heme oxygenase-1 (OH-1) antioxidant enzyme with respect to Acr-induced
cell damage. In addition, the acid and ester were found to limit the damage caused by
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AD-like pathologies in the context of immortalised mouse hippocampal neurons, HT22
cells (Huang et al., 2013a).

Although the above studies have shown promise regarding the variety of protective roles
of various chemical compounds that have been identified, it is important to note that the
significant generation of endogenous antioxidants cannot be uniformly effective in
establishing equilibrium regarding the over-accumulation of Acr-induced oxidative
stress. Taking this into consideration, in addition to the fact that relatively few studies
have been published with respect to this issue, it is important to highlight the greater
number of naturally-occurring metabolites with protective functions regarding Acr-

induced oxidative damage.

1.4.4 Anti-oxidative stress enzyme

A growing body of research suggests that the main pathological changes of AD are all
related to oxidative stress, and oxidative stress could integrate, at least in part, other
hypotheses for pathogenesis of AD. Thus, attenuating oxidative stress is a potential
therapeutic strategy for AD (Wang et al., 2017). But as a matter of fact, some exogenous
antioxidants are insufficient to resist the overload of oxidative stress, which results in
eventual mortality. Nrf2 is an important regulator of antioxidant response element (ARE)
-activated gene expression (Wang et al., 2017). It has been reported that there is a reduced
level of Nrf2 in post-mortem brain tissue from AD patients (Wang et al., 2017). Previous
in vivo studies also found that the Nrf2—-ARE pathway was suppressed in APP/PS1
transgenic mouse brain (Wang et al., 2017). Further, intrahippocampal injection of a
lentiviral vector expressing Nrf2 improves spatial learning in a mouse model of AD
(Wang et al., 2017).

Neverthless, there are numbers of natural and synthetic small molecules that can activate
Nrf2/ARE pathway. Growing studies over the past several years have demonstrated that
2-dithiole-3-thione (D3T) (Figure 1.10) is a protect inducer of endogenous antioxidants.
D3T can protect against acrolein-induced neurocytotoxicity and 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP)-induced neurotoxicity in SH-SY5Y cells and in wild-
type mice, respectively, through uP-regulation of cellular antioxidant genes and knockout
mice (Wang et al., 2017). Polyphenols, although not electrophilic, can cross the
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hydrophobic lipid membrane and get oxidised intracellularly to form quinonelike
electrophiles (Joshi and Johnson, 2012). Hence, these catechol-like molecules can
function as pro-drugs. Carnosic acid (Figure 1.10), a catechol-like electrophile has been
shown to protect neurons against glutamate-mediated toxicity in vitro and brain against
ischemia reperfusion injury in vivo via activation of Nrf2-ARE pathway (Joshi and
Johnson, 2012). Among other non-flavanoid polyphenols, curcumin and resveratrol have
shown to activate Nrf2 leading to subsequent protection of neural cells from oxidative
insult and toxins in in vitro and in vivo models of AD (Joshi and Johnson, 2012).
Flavonoid polyphenols such as epigallocatechin-3-gallate (EGCG) and quercetine, and
organo-sulphur based compounds such as sulforaphane (Figure 1.10) are potent activator
of Nrf2 that have been shown to be neuroprotective against oxidative stress in vitro (Joshi
and Johnson, 2012).

Another class of Nrf2 activators is triterpenoid-based compounds. Synthetic triterpenoids
are derived from 2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid (CDDO). CDDO and its
derivatives have been tested for their antioxidant and anti-inflammatory properties and
are known to activate the Nrf2-ARE pathway in in vitro and in vivo in animal models of
various disorders. As mentioned earlier, in the neurodegenerative disorder paradigm,
CDDO-methyl amine (CDDO-MA), an analogue of CDDO (Figure 1.10), showed
improved memory and reduced A plaques and oxidised proteins in AD transgenic mouse
model (Joshi and Johnson, 2012). Accordingly, previous animal and clinical studies have
demonstrated that Nrf2-ARE pathway is of great significance in the neuroprotection (Cao
et al., 2016; Wang et al., 2017). However, the underlying mechanisms of low expression
of Nrf2 in AD patients remain largely unknown and need to be further investigated (Cao
et al., 2016).

Despite that, Nrf2 is mainly sequestered in the cytoplasm by Kelch-like ECH associated
protein 1 (Keapl) (Figure 1.11). In response to ROS, Nrf2 could be translocated from the
cytoplasm to the nucleus and subsequently binds with ARE. This process can promote
expression of a variety of antioxidant genes, such as redox regulation, including SOD,
CAT, sulfaredoxin (Srx), thioredoxin (Trx), peroxiredoxin (Prdx) system; glutathione
synthesis and metabolism, including Gpx, glutathione reductase (GR), -glutamine

cysteine ligase (GCL) and synthase (GCS); quinone recycling, including NAD(P)H
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guinone oxidoreducase (NQO1); and iron homeostasis including heme oxygenase 1 (HO-
1) and Ferritin, which exert cytoprotective effects against oxidative stress (Cao et al.,
2016; Joshi and Johnson, 2012).
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Figure 1.10: Chemical structures of natural and synthetic low molecule compounds based
on the activation of Nrf2 pathway and NQO1. L-3-n-butylphthalide, 3H-1, 2-dithiole-3-
thione, epigallocatechin 3- gallate, 2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid and 2-
cyano-3,12-dioxooleana-1,9-dien-28-oic acid methyl amine labelled as L-NBP, D3T,
EGCG, CDDO and CDDO-MA, respectively.

Keapl functions as adaptor for the culin 3-based E3 ligase (Figure 1.11). Under normal
unstressed condition, Nrf2 is ubiquitinated and rapidly degraded (half life ~ 20 min) by
ubiquitin-proteasome system (Joshi and Johnson, 2012). Under conditions of oxidative
stress by either reactive electrophiles such as acrolein, toxins or ARE inducers, the
interaction between Nrf2 and Keapl is disrupted and Nrf2 translocates to the nucleus. In
the nucleus, it binds to small Maf proteins that increase the transcription rate of ARE-
driven genes such as NQO1 (Joshi and Johnson, 2012).
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Figure 1.11: The mechanism of action of the regulation of Nrf2. Under basal conditions,
Nrf2 is polyubiquitylated by the KEAP1-Cul3 E3 ligase and subsequently degraded by
the proteasome. Under conditions of oxidative stress including ROS and cytotoxic
electrophiles (acrolein), the KEAP1-Nrf2 interaction is destabilised, causing Nrf2 to
dimerise with Maf protein within the nucleus. Nrf2 bind to ARE, promoting transcription
of cellular defence genes of phase Il enzymes such as NQOL.
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1.4.5 NAD(P)H:quinine oxidoreductase (NQO1)

NAD(P)H:quinine oxidoreductase 1 (NQO1) is an antioxidant enzyme a member of the
NAD(P)H dehydrogenase(quinone) family and involved in an obligate two-electron
reductase characterised by its capacity for using NADH or NADPH as a reducing cofactor
(Joshi and Johnson, 2012; SantaCruz et al., 2004; Wang et al., 2017). NQO1 is generally
expressed in various tissues and cells and highly expressed in the CNS (Joshi and
Johnson, 2012; Luo et al., 2015). NQO1 is expressed under transcriptional regulation by
Keapl/Nrf2 pathway or uP-regulation of NQOl1which has been extensively used as a
biomarker. It has been hypothised that regulation of NQO1 may protect the cell from
oxidative damage due to the ability of NQO1 to reduce acrolein, HO. and ROS free
radical that have been produced from unstable formation of hydroquinone (Siegel et al.,
2012).
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In response to oxidative stress, cytoprotection is afforded by the upregulation of multiple
antioxidant enzyme systems (Raina et al., 1999). This co-ordinately transcriptionally
regulated phase Il enzyme functions in quinone detoxification (via a two-electron
transfer), redox-sensitive chemoprotection in certain neoplastic models, activation of
prodrugs (Raina et al., 1999). Therefore, NQO1 acts as a sensitive indicator of the redox
state of cells (Raina et al., 1999). Preliminary evidence suggests that increased NQO1
activity has been found in hippocampal pyramidal neurons of AD patients, suggesting
that the variants of the NQO1 gene might confer susceptibility for AD progression by
affecting NQOL activity (Luo et al., 2015). One of these studies has been published by
Peng et al., (2010) that an extract from Chinese celery called L-3-n-butylphthalide (L-
NBP) (Figure 1.10) has found to produce neuro-protections in AD where NQO1 was
significantly up-regulated via L-NBP. The importance of NQOL1 as a monitor of redox
balance together with the proposed importance of oxidative stress in AD provided the

impetus to explore the status of NQO1 in AD.

1.5. Drugs approved by the FDA for the treatment of Alzheimer’s disease

According to Islam et al. (2017), and Brahmachari (2012), the discovery of a link between
AD and the inhibition of cholinergic neuron activity signified that the 1970s bore witness
to the development of a range of naturally-occurring compounds (mainly derived from
plants) capable of elevating cholinergic neurotransmission. For the most part, these
natural substances act as direct stimulants of agonist receptors, or alternatively inhibit the
breakdown of AChE inhibitors at the neuromuscular junction. At present, however, it is
important not to overlook the fact that no curative or preventive therapeutic interventions
exist that can be applied to AD. In certain cases, FDA-approved drugs are administered
to manage AD, and each is associated with a range of symptomatic advantages as
described in subheadings as below.

1.5.1 Cholinesterase inhibition (AChE)

The mechanisms by which AChE inhibitors act are associated with the prolongation of
the action of synaptic acetylcholine by preventing its breakdown (Mount and Downton,
2006). Certain drugs have already received FDA approval, and others have yet to be tested
and approved by the organisation (a full list is given in Table 1.2). It is worth noting that
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almost all drugs submitted for investigation as potential candidates for AD treatment or
prevention have been rejected, primarily as a consequence of the unfavourable —and often
dangerous — secondary effects they give rise to. These will be outlined in the following
sections.

Table 1.2: AChE drugs in clinical development for AD, including European registration

(Francis et al., 1999; Jann, 2000; Mohan and Gupta, 2016; Mount and Downton, 2006;
Nordberg and Svensson, 1998).

Phase Drug name Company Chemical structure
" Mt 198.27
Registered Tacrine Parke-Davis
(Cognex®)
Registered Donepezil Eisai /Pfizer 9 Mw 876.60
(Aricept®)
o N
/ [174]
- CHg C|ZH3
Registered Revastigmine  Novartis HsC ° N
(Exelon®) \ﬂ/
Hs [175] Mwt 249.35
Mwt 275.35 /
Registered Physostigmine  Forset o
(Synapton®) laboratories v
\N ° $
cl \\th257.43
Waiting  Metrifonate Bayer ¢ Ll
a | ~o
pprova cl J) o
[177] ©OH o~
HCI
NH, Mwt 224.73
i Amiridin Nikken chemicals Co
Inc | N
N/[178]

Mwt 287.36

Il Galantamine Razadyne, Johnson & Johnson

Il Eptastigmine  Mediolanum
Farmaceutical
SpA
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I Ensaculin Dr Wilmar
hydrochloride Schawbe _
GmbH and ?
Co
Mwt 452.55
\O K\N [181]
Mwt 242.32
I Huperazine A Mayo o
foundation
[182]
I P-11012% Hoechst Mwt 315.57 on
AG o
[183]
Il P-11149%2 Hoechst Mu 435.56 oH
AG o
o
[184] ~
I TAK-147 Takeda M 35057 i '
Chemical
Industries Ltd ©\/N
[185]
I Zifrosilone Hoechst F
Marion F
Roussel Inc
[186]
- |i\ Mwt 246.30
1 Methanesulfonyl  University of texas ﬁ Mwt 114.54
chloride system e 4
L| [187]
I S-9977 Servier o J’\
~ / K\ N
| | N\)
PP
o N [188]

11 P-11012 is one of the derivatives of the galantamine structure (Mohan and Gupta, 2016).
12p-11149 is also one of the derivatives of the chemical structure of galantamine (Mohan and Gupta, 2016).
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1.5.1.1 Tacrine (Cognex®)

Tetrahydroaminoacridine (also referred to as Tacrine (Cognex®) [173] is a potent,
centrally active and first generation of AChE inhibitor, which was at one point routinely
applied in the treatment of AD. It was the first cholinesterase inhibitor, and received
approval from the FDA at the beginning of the 1990s (Benjamin and Burns, 2007; Farlow,
1992; Knopman, 1995; Eagger, et al., 1991; Mount and Downton, 2006). Despite the fact
that small-scale clinical trials have underlined the cognitive improvements AD sufferers
have displayed when subjected to tacrine treatment, Farlow (1992) indicated that no
statistically significant evidence for any beneficial impact. In light of these findings,
tacrine treatment has been discontinued, due to its low selectivity for AChE in the CNS,
undesirable systemic side effects, including hepatotoxic effects due to elevated Alanine
Aminotransferase (ALT) levels, approximately 49% higher than normal, and the need to
be taken four times daily due to its phenolic derivative, which is excreted rapidly from
the body and associated with a short half-life (Benjamin and Burns, 2007; Farlow, 1992;
Jann, 2000; Knopman, 1995; Eagger, Levy and Sahakian, 1991; Mount and Downton,
2006).

1.5.1.2 Donepezil (Aricept®)

As a synthetic, non-covalent reversible that is a member of the second generation of
AChE inhibitors, donepezil hydrochloride (also referred to as Aricept®) [174] can be
legally prescribed in the United States and the United Kingdom for the treatment of AD
cases that are not severe (Benjamin and Burns, 2007; Burns et al., 1999). One of the most
notable features of donepezil is that it was the second drug to reach the commercial
market; it received approval from the US FDA in 2006 for the treatment of severe AD,
and later in the same year from the UK National Institute for Health and Care Excellence
(NICE) for the treatment of moderate AD (Benjamin and Burns, 2007; Desai and
Grossberg, 2005). Nevertheless, preclinical, and clinical studies conducted relatively
recently in Japan and the United States have demonstrated that donepezil is associated
with hepatotoxicity, as well as other unfavourable secondary effects including anorexia,
muscle cramps, cardiovascular disorders, abnormalities in electroencephalogram EEG

tests, and, most frequently, gastrointestinal side effect including nausea, vomiting and
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diarrhoea (Burns et al., 1999; Kogan et al., 2001; Tan et al., 2014; Nordberg and
Svensson, 1998).

1.5.1.3 Rivastagmine (Exelon® Reminyl ®)

As a sustained inhibitor of AChE and Butyrylcholinesterase (BuChE®), rivastigmine
[175] is a drug often prescribed for cases of non-severe AD (Sadeghi et al., 2016;
Nordberg and Svensson, 1998). The drug first received approval in Europe, and was the
third generation of AChE inhibitor to be commercially released (Desai and Grossberg,
2005). Nevertheless, a crucial feature that is absent in almost all studies pertaining to the
drug is quantifications of the plasma concentration of rivastigmine in AD patients. For
the most part, the literature utilises the Mini-Mental Status Examination (MMSE) and the
AD Assessment Scale-Cognitive Subscale (ADAS-Cog) to measure the cognitive results
of cholinesterase inhibitors (ChEI) therapy, as noted by Chen et al. (2017). However,
routine gastrointestinal secondary impacts of the drug have been identified, and have been
ranked as even more severe as those of donepezil (Tan et al., 2014; Nordberg and
Svensson, 1998).

1.5.1.4 Galantamine (Razadyne®)

Galantamine [179] is a phenanthrene alkaloid similar to codeine which was isolated from
the European daffodil or common snowdrop, Galanthus nivalis and process a reversible
inhibitor of AChE (Desai and Grossberg, 2005; Nordberg and Svensson, 1998). Although
it has been approved in the United States for treatment interventions with patients with
non-severe cases of AD (Ohta et al., 2017), the unfavourable secondary effects of the
drug are well-documented, with 63% of patients reporting nausea symptoms and a further
4% presenting with abdominal pains, anorexia, and diarrhoea in a study conducted by
Nordberg and Svensson (1998).

1.5.1.5 Physostigmine (Synapton®)

This drug [176] is classified as a tertiary amine, and it is characterised by lipophilic

properties. In addition, according to the research conducted by Nordberg and Svensson

13 BUChE is a carboxylic ester hydrolysis originated from the glial cell of the brain (Desai and Grossberg,
2005).
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(1998), it serves as a reversible inhibitor of AChE and BuChE. However, due to its
unfavourable oral bioavailability, very short half-life (16 minutes) resulting in a dosing
frequency of every 2 to 4 hours, it is relatively restricted in terms of its clinical utility
(Desai and Grossberg, 2005; Nordberg and Svensson, 1998; Polinsky, 1998). In addition,
it was associated with dizziness (10.9%), diarrhoea (12.6%), and anorexia (10.9%) in the
sample group of a study by Nordberg and Svensson (1998). Furthermore, a study by
Mount and Downton (2006) found that 30-40% of the AD patients treated with the drug
failed to provide positive indications after treatment with AChE inhibitors, while 29%
withdrew from clinical trials owing to the side effects (in comparison to 18% of patients

from the placebo group).

1.5.2 N-methyl-D-aspartate (NMDA) receptor antagonist

Memantine [189], as illustrated in Figure 1.12, constitutes a low-to-moderate affinity
NMDA receptor (NMDAR) antagonist, and is understood to operate by facilitating the
regulation of glutamate. It received FDA approval towards the end of 2003 for the
treatment of AD patients (based in the United Kingdom and United States) exhibiting
moderate-to-severe symptoms (Ansari and Khodagholi, 2013; Chen et al., 2017; Tan et
al., 2014). Nevertheless, based on the low cost-effectiveness of the drug, NICE has argued
that the drug should be discontinued in clinical contexts (Benjamin and Burns, 2007,
Hansen et al., 2008; Marum, 2009).

NH,

[189]

Figure 1.12: Structure of memantine [189] an NMDA receptor antagonist with a Mwt
179.31

1.5.3 Monoclonal Antibodies (MABSs)

The following subsections will examine a series of mABs that have been studied with

respect to their potential as anti-Ap treatment options (see Table 1.3).
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Table 1.3: mABs drugs from Immunoglobulin G (1gG) isotope in clinical development
for AD.

Phase Drug name Company Reference

11N Solanezumab (LY2062430) Eli Lilly (Hung and Fu, 2017)

1 Ponezumab (PF-04360365) Pfizer (Imbimbo et al., 2012)

i Bapineuzumab (AAB-001) Pfizer/Elan (Cummings et al.,
2017; Khorassani and
Hilas, 2013)

11} Crenezumab (MABT5102A) Roche/Genentech (Hung and Fu, 2017)

i Gantenerumab (RO4909832) Roche (Hung and Fu, 2017)

* Indicated that the drug has been failed for further examination and discontinued.

1.5.3.1 Solanezumab (LY2062430)

As a humanised monoclonal antibody (mABs) characterised by the binding with respect
to the AP central region in AD patients, solanezumab is a peptide that research suggests
performs a critical function in AD pathogenesis (Imbimbo et al., 2017). Nevertheless,
owing to the way in which the mAB failed to satisfy the primary and secondary endpoints
in two phases of 1IB-111A research projects, the use of the drug is no longer a clinical
possibility (Imbimbo et al., 2012; Mehta et al., 2017).

1.5.3.2 Ponezumab (PF-04360365)

The defining characteristic of this mAB relates to the way in which it engages in the
targeting of the free C-terminus of Ap1-40. Although it made its way to Phase | and Phase
Il of clinical development, Pfizer facilitated its discontinuation in the summer of 2011
owing to the way in which its Phase Il development failed to provide a comprehensive
account of the Phase 111 design (Mehta et al., 2017; Imbimbo et al., 2017).

1.5.3.3 Bapineuzumab (AAB-001)

According to Mehta et al. (2017), bapineuzumab is virtually unique owing to the way in
which it constitutes an mAB that reached clinical Phase 11 trials. The researchers further
described that it operates by targeting AB oligomers and plaque (Mehta et al., 2017).
During the Phase Il trials, it was noted that administration of the drug facilitated a
reduction in the cerebrospinal fluid (CSF) tau protein, but considerable clinical
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advantages were not observed with respect to the investigated cognitive or functional
goals (Mehta et al., 2017). Limitations of this drug emerged when ApoE4 carriers were

found to be more likely to develop a higher propensity with this drug (Mehta et al., 2017).

1.5.3.4 Crenezumab (MABT5102A)

Crenezumab has recently become relevant and was safe owing to its allocation as the
central point of the Alzheimer’s Prevention Initiative (API) trial, which was initiated in
2012, and is planned to complete in 2017 (Mehta et al., 2017). During Phase Il trials, the
drug was identified as being associated with a positive level of penetration with respect
to the blood-brain barrier (BBB), along with a favourable affinity for Af monomers,
oligomers, and fibrils (Mehta et al., 2017). Furthermore, one of its key strengths was
found to be that it is not associated with the negative impact of vasogenic oedema, as
observed with solanezumab and bapineuzumab (Mehta et al., 2017). Although the
outcomes from Phase Il did not show a significant benefit in treatment of AD compared

to the placebo, the next phase of the trials is now being conducted (Mehta et al., 2017).

1.5.3.5 Gantenerumab (RO4909832)

During Phase 1l trials, this drug was ineffective in demonstrating its clinical utility, but
it is important to note that it was shown to inhibit A, owing to a standardised uptake
value ratio (SUVR), in a dose-dependent way, along with CSF tau'* (Mehta et al., 2017).
This is indicative of brain amyloid clearance, as well as an impact on the downstream
indicators of neurodegeneration (Mehta et al., 2017). Accordingly, the use of mABs as a
target for clearing amyloid has become prominent in recent trials. The prospect of using
amyloid as a target is an attractive one because of its extra-neuronal nature, as well as its
toxicity in the milieu. Nevertheless, as highlighted by Mehta et al. (2017), it is important
to recognise that one of the fundamental determinants of mABs’ lack of concrete
achievement in recent years is the fact that amyloid is uncorrelated with cognitive decline
in the symptomatic phase of dementia (Mehta et al., 2017).

14 Tau protein is the major component of the intracellular filamentous deposits that define a number of
neurodegenerative diseases (Goedert, 2004).
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1.5.4 Gamma Secretase Inhibitors

The inhibition of y-secretase, a protease complex constituted of various subunits (namely,
nicastrin (NCSTN), presenilin (PEN-1), anterior pharynx-defective 1 (APH-1), and
presenilin enhancer 2 (PEN-2)), has been identified as a potential means of lowering
amyloid production, primarily because the aforementioned subunits are seen as viable
therapeutic targets for the modulation of AP production (or, alternatively, an increase in
AP clearance) (Hung and Fu, 2017). Given that the inhibition of y-secretase could
facilitate a decrease in the production of AP, certain clinical trial drugs are given in
Table 1.4 (Mehta et al., 2017).

Table 1.4: Gamma secretase inhibitors - clinical trial drugs that target A clearance.

Phase Drugname Company Structure Reference
" Semagacestat  Elli Lilly (Hung and
LY451039 Fu, 2017)
HNHm
HOMe
Mwt 361.44
[190]
" Avagacestat  Bristol- <°\N (Hung and
Myers N\ F Fu, 2017;
BMS-708163 Sq)(Jibb o1 Tongetal.,
Mwt 520,88 2012)

\\S e aw
Jopd e

* Indicated that the drug is discontinued

1.5.4.1 Semagacestat (LY451039)

Owing to the way that this y-secretase inhibitor [190] provided an indication of dose-
dependent changes to CSF biomarkers in its Phase | trial, Phase Il trials were initiated
(Mehta et al., 2017). However, it should be noted that its Phase Il trials yielded
dissatisfactory results, as the inhibitor could not satisfy its main endpoints; symptoms for
certain AD patients became more severe, and infections, cancers, and other permanent
secondary effects were identified (Hung and Fu, 2017; Mehta et al., 2017).



1.5.4.2 Avagacestat (BMS-708163)

One of the notable features of this y-secretase inhibitor [191] is that it facilitates a dose-
dependent reduction in AP isoforms. Nevertheless, despite clinical advancement in the
conditions of certain patients after treatment, a 12-week washout follow-up offered no
clear indication that status changes had taken place. In prodromal situations, the drug
heightened the likelihood of skin cancers, diarrhoea, nausea, glycosuria, rashes, and
cerebral microbleeds (Hung and Fu, 2017; Mehta et al., 2017). As a consequence of these
considerations, along with the inhibitor’s relatively limited therapeutic window with
respect to effectiveness and severe secondary effects, trials were stopped in 2012 after the
second phase (Hung and Fu, 2017; Mehta et al., 2017).

1.5.5 Other target drugs in clinical trials for AD

Various approaches have been taken to AD clinical trials, including the use of Beta-
secretase 1 (BACE) inhibitors, the targeting of neurofibrillary tangles (NFTs'®), and
microglial activation. At the same time, numerous synthetic compounds have been sought
for the treatment of AD via different target pathways (listed in Table 1.5); however, all
have been linked to unfavourable secondary effects (Islam et al., 2017). Perhaps most
importantly, no drug has yet emerged that can consistently facilitate the effective
prevention or treatment of AD (Islam et al., 2017).

According to Essa et al. (2016), synthetic inhibitors can be categorised into the following
groups: (i) carbonyl-capturing agents, the purpose of which is to mitigate carbonyl stress;
(i1) cross-link breakers; and (iii) metal ion chelators. Ultimately, owing to their ineffective
pharmacokinetic properties, their poor efficacy, and absent safety standards, all clinical
trials involving these treatment interventions have been discontinued (Essa et al., 2016).
However, evidence has been found to suggest that NP are non-hazardous when consumed
(Essa et al., 2016), Therefore, researchers are currently searching for new AD treatments
in natural product, as safer and more effective therapies that can more precisely target the

pathophysiology of AD (Islam et al., 2017).

15 NFTs it is one of the pathogenetic factor of AD that consist of aggregates of paired of helically twisted
filaments of hyperphosphorylated tau (Godyn et al., 2016).
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Table 1.5: Short summary of clinical trial compounds, listing the pharmaceutical company, the chemical structure, and their current progress

status.
; Phase Drug name  Cause for Discontinuation Company Structure Reference
=
«Q
L _ Low oral bioavailability and ~ Boehringer
I*in Bl 1181181  low blood-brain barrier Ingelheim, Vitae Not disclosed (Chackalaman
2015 penetration Pharmaceuticals nil etal., 2017)
I"in RG7129 Liver toxicity Roche Not disclosed (Erlanson et
2013 al., 2016)
N
[192] S
© N| Mt 320.36 )\ (Hung and Fu,
0 2008 LY2811376  Liver toxicity Eli Lilly N N, 2017; Holenz
m et al., 2016)
=) ;
=3
g NN
* | ~ O F (Chackal
I in . - - Y Chackalaman
2013 LY2886721  Liver toxicity Eli Lilly . @ nil et al., 2017)
° ~
.. - XJ/\) (Hung and Fu,
- | in Epothilone D Not applicable EED HYER TN *2017; Neidle,
e 2013 Squibb [194]
Mwt 491.69 @ 2014)
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1.6. Role of medicinal plants in Alzhiemer’s disease

Medicinal plants are a major source from which modern medicine is deriving protective
compounds for the treatment and prevention of AD, are crucial to the present clinical
context worldwide (Brahmachari, 2012). Arguably, the key advantages of naturally-
occurring medicinal plants are their cost-effectiveness, as well as their less severe
secondary effects such as gallantamine and physostigmine. In recent years, certain studies
have sought to gain insight into the impact that crude plant extract has on AD patients,
and researchers have attempted to isolate the active substance that brings about protective
impacts (such as the lowering of OS, A accumulation, toxicity, tau phosphorylation, and
neuroinflammation) (Ansari and Khodagholi, 2013; Brantley et al., 2012; Islam et al.,
2017). The following subsections will therefore outline the key studies in this area, and
present the main findings of those studies regarding the existence of neuroprotective
natural compounds, along with their chemical structure, source, and mechanisms of action
(see Table 1.6).

Table 1.6: Natural Compounds with protective effect against AP.

Compound Chemical structure  Source of NP MOA* against AB  Refrerence

- " Camellia Ta-secretase, ly- (Ansari and
e o sinensis L. secretase, \BACE, Khodagholi,
g o o Kuntze LAChE, L NO™, 2013;
<8 " " (Theaceae) |ROS, llron (Williams et
=) e leave chelating, al., 2011)
2 o
T = H oH lInflammatory
S Lo factors, | MAPK™,
7 ' on IMitochondrial
@ " dysfunction
Agaricus  Tmacrophagemediated (Ansari and
g bisporus LA phagocytosis Khodagholi,
S apoptosis 2013;
o S Jasinghe
w's and Perera,
g 2005)
=

HoW
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2013; Gao
etal., 2013)
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Huang and
Xu, 2001).

(Ansari and
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1933).
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2013).

(Ansari and
Khodagholi,
2013; Ky et
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Sorribas and
Howes,
2011).
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(Ansari and
Khodagholi,
2013;Tsuch
iya et al,
1996).

(Ansari and
Khodagholi,
2013;
Williams et
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(Gao et al.,
2013).

(Ansari and
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Harborne,
1967).

(Ansari and
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al., 2011).

(Ansari and
Khodagholi,
2013;
Williams et
al., 2011).
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MOA* = Mechanism of action. MAPK** = mitogen-activated protein kinase. NO** = nitric oxide. UPR** = unfolded protein
response. ERK** = Extracellular Signal-regulated Kinase, cAMP** = cyclic adenosine monophosphate. BDNF** = brain-derived

neurotrophic factor. NGF** = nerve growth factor. Hsp** = heat shock protein. NF-kB** = nuclear factor-«B.

1.7. Metabolomic approaches in NP chemistry

One of the key features of metabolomics is the ability to produce impartial data in a way
that can be easily replicated and, ultimately, generate statistically significant results (Dias
et al., 2012). A range of separation chemistries should be applied to achieve the highest
level of rigour in the analysis of any collected information (Dias et al., 2012). Owing to
the technological improvement in sensitivity and resolution, the analysis of multiple
compounds can be achieved in a rapid way via data extraction, filtration algorithms, the
removal of background noise, detection of peaks throughout large data sets, and
transformation of resulting data matrices prior to any statistical analysis (Dias et al.,
2012). However, it is important to recognise that the primary intention of metabolomics
is to identify the chemical nature of detected signals (Dias et al., 2012). Relatively limited
scholarly attention has been directed towards the compatibility of classical NP chemistry
approaches with metabolomics, could lead to the identification of bioactive natural
products (Dias et al., 2012).

Given that plants are characterised by significant variegation in terms of their chemical
nature, identifying bioactive NP in plant extracts is not a straightforward or singular task
(Dias et al., 2012). As such, metabolomic profiling various plant extracts or fractions by
employing notable analytical platforms (including mass spectrometry with gas
chromatography (GC), or liquid chromatography (LC) and nuclear magnetic resonance
(NMR) spectroscopy) have been correlated with the plant’s biological activity and the
use of databases (including the Dictionary of Natural Products (DNP)) as well (Dias et
al., 2012; Harvey et al., 2015; Wishart et al., 2007).

Utilising a liquid chromatography mass spectrometry (LCMS) platform in metabolomics

profiling has employed high-resolution methods, as opposed to gas chromatography mass
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spectrum (GCMS) (Schripsema, 2010). This is primarily due to the limitation of GCMS
with respect to its analytical capabilities regarding non-volatile compounds (namely,
sugars and amino acids). LCMS is highly sensitive and conducive to the investigation of
numerous and more diverse classes of chemical structures for both volatile and non-

volatile compounds (Schripsema, 2010).

Analysts would benefit enormously from NMR-based metabolomics, primarily because
it could be utilised in identifying chemical composition for the differentiation of plants
from other species, and also following various treatment (Dias et al., 2012). In a study
conducted by Kim et al. (2010), the researchers stated that it would be useful to have an
NMR-based metabolomic analysis, with the detection of metabolites via comparative
examinations of NMR data against references, or alternatively via structural examinations
with 2D-NMR. Similarly, Deyrupa et al. (2011) utilised 2D-NMR spectroscopy for the
purpose of screening a collection of bioactive metabolite samples of substructures. As a
result, new or lead derivative compounds could be examined in intricate metabolite

mixtures without the need to fractionate and isolate.

1.8. Hypothesis, aims and outcomes of this study

1.8.1 Hypothesis

The literature addressed the occurrence of phenolic compounds in F. carica figs. Earlier
studies have accounted for the variability in total anthocyanins and overall phenolic
content of the whole fresh fruit, pulp, and the skin of commercial fig cultivars (Solomon
et al. 2006). It has been described in the literature how phenolic contents can be affected
by different approaches in cultivar drying, extraction, pollinisation, and maturation
(Anmar et al., 2015; Ango et al., 2016; Ruamrungsri et al., 2016). A study by Oliveira et
al. (2010) reported quantitative variability in the skin, pulp, and leaves of Portuguese fig
cultivars; however, the study neglected to address the occurrence of triterpenes and
phytosterol compounds. As such, its focus was limited to volatile and partially volatile
compounds, including phenols, aldehydes, ketones, and amino acids. In view of these
limited earlier studies on chemical composition, triterpenoid and phytosterol contents of
F. carica fruit parts have yet to be examined.
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Although the anti-platelet, anti-spasmodic, anti-bacterial, anti-inflammatory, and anti-
fungal properties of F. carica have been extensively documented, relatively little has been
said about the impact on anti-oxidative stress associated with AD on the organic soluble
compounds obtained from the exocarp, endocarp, and mesocarp of the edible fruit.
Traditionally, colourimetric approaches have been employed to examine the chemical
compositions of plants (Schofield et al., 2001). However, selective analytical
methodologies and High Throughput Screening (HTS) must be used to supplement the
existing information found in the literature in order to gain a comprehensive
understanding of the connection between secondary metabolites composition and their
potential health benefits. In addition to further studies that suggested increased NQO1
activity may be neuroprotective (Bian et al., 2008), it should be emphasised that the
impact of the isolated secondary metabolites on acrolein-induced oxidative stress-related
AD has yet to be documented.

1.8.2 Aims

Therefore, the aim of this study was to:

(i) Achieve the extraction and isolation of the bioactive metabolites from the exocarp,
endocarp and mesocarp parts of the fruit of F. carica using high-throughput

chromatographic methods such as normal phase Flash® chromatography.
(if) Integrate the dereplication results to HTS.

(iii) Explore new insights into the contribution of metabolomic profiling and
multivariance analyses that includes Hierarchical Clustering Analysis (HCA), heat
mapping, Principal Component Analysis (PCA), and Orthogonal Partial Least
Square-Discriminant Analysis (OPLS-DA) as complementary methods to HTS and

targeted isolation work.

(iv) Instead of employing Neuro-2A and rat PC12 cells, bioassay-guided cell viability of
the fractions obtained from three fruit parts of F. carica were tested using
alamarBlue® assay on human in vitro differentiated SH-SY5Y cell line, to elongate
its neurites to create a homogenous and viable human-like neuronal cultures and
(Shipley et al., 2016).
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(v) Investigate the effect of mesocarp, endocarp, and exocarp ethyl acetate crude extracts
of F. carica on acrolein-induced anti-oxidative stress against human in vitro
differentiated SH-SY5Y cell line.

(vi) Examine the regulation of the anti-oxidative NQO1 protein by the mesocarp,
endocarp, and exocarp ethyl acetate crude extracts by using the qualitative western

blotting test against the human in vitro differentiated SH-SY5Y cell line.

(vii)Isolate and identify the active ‘lead” compounds from the endocarp, exocarp and
mesocarp of F. carica via liquid chromatography-mass spectrum (LCMS) in a
negative or positive ionisation mode, gas chromatography-mass spectrum (GCMS),

and NMR spectroscopy depending on the nature of the target secondary metabolites.

1.8.3 Present and future outcomes

The present outcomes of this study could first provide useful information on the chemical
composition of F. carica (endocarp, exocarp and mesocarp) extracts in association to the
anti-oxidative effect on AD by employing assays on human in vitro differentiated SH-
SY5Y cells. This would offer possible avenues in the up-regulation of NQO1 activity for
future treatment of the prevention of AD. Employing a combination of analytical
techniques and HTS will be useful in identifying new sources of secondary metabolites

that can be used against AD.
The future outcomes of this study are as follows:

(i) to fully document the less understood aspects of otherwise well-known medicinal
plants, thereby facilitating the upkeep, preservation, and development of these
resources, and ideally promoting an elevation in frequency of use that will give rise

to employment opportunities and profit;

(ii) to foster an understanding of the benefits associated with certain medicinal plants,
thereby encouraging manufacturers to produce with a view to the economic scale of
production and ultimately lowering the price for consumers over synthetic

compounds; and
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(iii) to contribute to the development of baseline data regarding the nutraceutical
potential of Ficus spp, thereby facilitating the utilisation of preparations of herbal
supplements or selected isolated chemical supplements in the management and

prevention of neurodegenerative conditions, including AD.
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CHAPTER TWO METHODOLOGY
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2. Methodology

2.1. Health and safety

All of the procedures and experiments in this study were performed in accordance with
the laboratory health and safety risk assessments of the University of Strathclyde, Institute
of Pharmacy and Biomedical Sciences. A risk assessment was conducted, for which
Control of Substances Hazardous to Health Regulation (CoSHH) forms were completed:;
the outcome was favourable, allowing to work in reasonably practicable and safe working

environment conditions.

2.2. General equipment

An IKAA11Basic model analytic miller was purchased from IKA (Breisgau, German).
In addition, model R-110 and model R-3 rotary evaporators were purchased from BUCHI
(Flawil, Switzerland). An ultrawave sonicator was purchased from Scientific
Laboratories Ltd, and a handheld UV-light (UVGL-55 model) was purchased from UVP
(Cambridge, UK). Steinel®, an HL heat gun, E-type 3482 (Teningen, German) was used
for TLC analysis undertaken in this research. Bibby Scientific Ltd., (Stafford, UK),
supplied a Stuart block heater (model SBH 130D/3). Martin  Christ
Gefriertrochnunsanlagen GmbH, (Osterode am Harz, German), supplied a Christ Alpha

2-4 model freeze dryer.

2.3. Plant Materials

2.3.1 Plant collection

The native edible fruits were collected in Saudi Arabia during the month of May, 2014,
which is the fruiting season for the Ficus carica. The fruits were then imported to the UK.
The fruit part of F. carica was separated into three parts, exocarp, mesocarp and endocarp.
Each part was freeze dried separately at -80°C and then left in the desiccator under vacuum
for two weeks until required for extractions. The Ficus spp was identified by
Professor/Curator Jacob Thomas Pandalayil, a taxonomist at the Department of Botany
and Microbiology, College of Science, King Saud University. Voucher specimens were
deposited at the herbarium of King Saud University (KSU), under KSU number 10561.
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2.3.2 Plant extraction and partitioning

Plant constituents were extracted via cold and continual maceration, with the use of an
overhead and/or magnetic stirrer. This approach has been described to be efficacious due
to its comprehensiveness, particularly when organic solvents are used (Harbone, 1998;
Heinrich et al., 2004; Waksmundzka-Hajnos et al., 2008). Methanol, acetone and ethyl
acetate are the most common solvents used and are good all-purpose solvent for

preliminary extractions.

In the present study, dried plant parts from the mesocarp 1.3 g, endocarp 2 g and exocarp
1.74 g (Figure 2.1) were employed. These materials were subsequently ground down to
make a fine powder so that the extraction time could be expedited because of the increased
surface area. For each different part of the crude material, a different maceration solvent
of the aforementioned organic solvents was used. The freeze-dried mesocarp and
endocarp granules were first reconstituted with water then the resulting viscous solution
was partitioned with equal volumes of ethyl acetate. On the other hand, the exocarp was
macerated in HPLC-grade aqueous methanol under continuous stirring with an overhead
stirrer at 70 rmp (IKA, RW 16 basic, Germany) for three hours at room temperature; the
procedure was carried out thrice. The extract was filtered at the end of every maceration
step while the residue was subjected to further maceration. The procedure was repeated
until the yellow colour of the organic extract had finally diminished or become
transparent. After the extraction was exhausted with methanol, the extraction solvent was

changed to acetone and the extraction step was again repeated thrice.

The crude organic extracts for each respective plant part were pooled together and
concentrated under vacuum with a rotary evaporator. The dried crude extract was
reconstituted with 250 water and solvent partitioned with an equal volume of ethyl acetate
by using a separatory funnel. The mixture was shaken in an eight-motion rotation, with
air being released following every rotation. Solvent partitioning was carried out thrice,

the organic layer was pooled together and the solvent was evaporated under vacuum.
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Figure 2.1: The successful splitting of the exocarp (A) and endocarp (B) of F. carica
from the other edible fruit parts, before it was freeze-dried and ground.

2.4. Phytochemical methods

For the extraction and chromatographic purification procedures, various solvent systems
were used on the three fruit extracts. Chemical profiling was accomplished using LC-MS,
TLC and 'H-NMR. A phytochemistry profile of the fruit F. carica was the outcome of
the chemical profiling and biological assay.

2.4.1 Chromatographic techniques

Bioactive compounds can be separated and purified by using the chromatographic
technique. Chromatography is efficacious because of the various affinities that many
constituents of a mixture have toward their mobile and stationary phases. As a result,
these different constituent substances move along the stationary phase at various rates,
causing the stationary phases and the mobile phases to separate chemical compositions
according to differential partitioning. In trying to purify or isolate the chemical
components or constituents from a crude extract, several chromatographic techniques can
be employed. Generally, based on their polarity to the stationary phase, compounds are
then purified and isolated. The present study employed several techniques as part of
normal phase chromatography; two of these techniques were thin-layer chromatography

(TLC) and flash® chromatography.

2.4.1.1 Flash Chromatography

The Flash chromatography method utilises air pumps and compressed air; the mobile

phase of the chromatography is pushed through the column by the pressure of the
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compressed air, and thus a higher flow-rate in the mobile phase is achieved by a vacuum
line. Another term for this technique is medium pressure liquid chromatography (MPLC).
The REVELERIS® flash chromatography system is among the most contemporaneous
and most reliable automated systems, the details of which are shown in Figure 2.2. So
that the non-chromophoric and chromophoric constituents of a sample can be detected
simultaneously, the instrument is comprised of an integrated UV/UV-Vis/ELSD
detection system. Pure components of a given sample may be obtained, though this is
reliant on the type of column utilised, and the methodological approach to the experiment
has been optimised so that proper resolution can be ensured between the individuated
peaks. Dry-loaded samples within a cartridge are chromatographically washed as part of
a dry-run on the REVELERIS®; within this column, the separation takes place according
to the solvents used and the column itself. Consequently, it is possible to ensure both
gradient and isocratic elutions.

A Solvent reservoir ————— ,.( [ Computer screen

Test tube racks for

Preparative column collecting fractions

Cartridge

Figure 2.2: (A) shows the primary components of REVELERIS® flash. (B) Depicts a
schematic diagram showing the solvent flow via the primary system components.

The respective crude F. carica extracts were loaded and absorbed on inert Celite® (Sigma-
Aldrich, USA). A gradient of 100% pure-grade hexane to 100% ethyl acetate (HPLC
grade) in 5% increments was used for the elution of the compounds. The column was then
washed with 200 ml of 100% HPLC grade dicloromethane that was progressively reduced
to 70% with 30% methanol.
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Those parts of the eluate containing signals that have intensities above the UV detector
threshold are collated automatically by the system depending on the capacity of the
compounds to absorb UV. Compounds such as these need to have chromophores; these
are conjugated double-bond structures, examples of which are those contained within
benzenoids. Nevertheless, there are compounds that fail to absorb UV/Vis and therefore
they cannot be detected. ELSD (evaporative light scattering detection) was also used on
the Grace® flash system. Since its response is autonomous from the spectral properties of
the compound, ELSD is a universal detector in comparison to the UV (Mefoulas and
Kouppris, 2005).

Analyte detection using the ELSD method is completed in three steps: nebulisation,
mobile-stage evaporation, and detection. By mixing with an appropriate, nebulising gas
(for instance air, or nitrogen), the chronographic column effluent is nebulised. During
post-nebulisation, the liquid then enters the region of the heated drift tube, and herein the
mobile stage is evaporated. Only the solid particles of the analyte remain for analysis.
Light is scattered by the analyte particles, and detection takes place as incoming radiation
hits the analyte entering into the light-scattering cell situated in the drift tube itself

(Megoulas and Koupparis 2005).

2.4.1.2 Thin Layer Chromatography (TLC)

One technique that may be employed to separate and analyse plant extracts in a qualitative
manner is thin-layer chromatography (TLC). This is generally utilised to identify the
initial characteristic and idiosyncratic fingerprint of an extract and thus demonstrates the
various and varied crude mixture constituents, as well as the purity of the isolated
compound, (Waksmundzka-Hajnos et al. 2008; Rabel and Sherma, 2016a). This process
is undertaken according to the differences in migration properties of compounds within
various and varied solvent systems. It can also be described as substance partitioning

between two immiscible phases (Touchstone 2011).

In this study, a thin layer of adsorbent material was employed as a stationary phase. Silica
gel with 60 A pores immobilised on an aluminium plate and coated with a fluorescent
layer (F254) (gel 60 F254; obtained from Merck 105554.0001, Germany) was used. With

the F254 layer, UV active compounds could be visualised under short and long-wave
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frequencies of UV light, specifically with wavelengths of 254 nm and 365 nm. P-
anisaldehyde/sulfuric acid spraying reagent was used to visualise UV inactive
compounds. The spraying reagent was freshly prepared by dissolving 0.5 mL P-
anisaldehyde into a solution of 1 mL of concentrated sulphuric acid (Sigma-Aldrich
32,050-1, UK) in 50 mL of glacial acid. The mobile phase is a mixture of organic solvents
into which the plate is allowed to develop by capillary diffusion. The solvent mixture
migrates to the top of the plate and due to the elution strength of the solvent mixture;
compounds will migrate to the top of the plate at different rates. Solvent mixture must
have polar properties if the mixture is dominated by polar compounds, and the inverse is
true for non-polar components. The R values can be used to describe the migration of the

mixture compounds, using the following equation (Cheng et al., 2011):

distance of analyte migration

R value =
f distance of mobile phase migration

TLC was performed on the crude fractions by dissolving 1 mg of the dried fractions in 50
UL of appropriate solvent. Roughly 2 pL = 5 spots were used to draw up the solvent with
a capillary tube, after which one end of the capillary was then placed in contact with the
TLC surface, roughly 1 cm over the bottom plate of the TLC, a rounded spot was created.
After the previous spot application had evaporated, the next spot was applied, in order to
safeguard against possible distortion of the zone locations/spots. TLC tank was saturated
and equilibrated with the relevant mobile phase prior to developing the plates. The various
spotted fractions were allowed to migrate on the TLC plates to a distance of half a

centimetre from the top of the plate to separate the various components from one another.

A hair dryer was used to dry the plates with an air stream. Subsequently, the plates were
viewed under short-wavelength UV2s4 nm and long wavelength UV3ses nm (UVP from
Cambridge in the UK). Under short wavelength UV2s4 nm, light dark spots indicated
substances that quenched fluorescence, while observed spots were drawn over with a soft
pencil upon the surface of the TLC plate. Bright spots may also be observed under long
wavelength UV3es nm for those substances that fluoresce at 365 nm. A spraying reagent
of P-anisaldehyde/sulfuric acid was used to spray the plates to ensuring visualisation of
UV inactive compounds, after which a heating gun was used to heat the plates at a

temperature of 210°C for a total of roughly two minutes. Despite the fact that the
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mechanism by which the visible colour of the stain remained is not known, according to
Sherma and Freid (1996), the likely detection is explained as shown in Figure 2.3.

~o ~o o)
Nu:
—> — — 3 Coloured fractions
O H HO H Nu H
Nu

Figure 2.3: The mechanism by which the coloured fractions can be observed when P-
anisaldehyde/sulfuric acid reagent is sprayed on TLC plates.

2.4.1.3 Preparative TLC for 3" fractionation of mesocarp

Another technique that can be used to qualitatively assess and separate the various plant
extracts is preparative TLC (Berezkin and Chausov, 2012). In the present study, semi-
pure fractions of F. carica mesocarp coded as (F4,5,6/ F1) were purified with the use of
a larger (20 x 20 cm) TLC plate of silica gel 60 F254. The low yield fraction of interest
(section 3.3) was dissolved in a 10 mL solvent and dispensed through a 10 pl micropipette
to be loaded on the surface of the TLC plate, producing a band of a total of 10 mL in each
TLC plate. Subsequently, to facilitate tank equilibration, the inner walls were lined with
either thick chromatography paper (from VWR in the UK; Whatman 1 grade), or blotting
paper. The appropriate mobile phase (i.e hexane:ethyl acetate 90:10) were then mixed,
after which they were poured over the lining paper and into the TLC chamber itself. In
order that complete equilibration of the chamber could be achieved, a sufficiently long
time-frame was permitted. The plate is developed in a saturated equilibrated chamber

tank, as described above in section 2.4.1.2.

A certain and fixed distance of 5 cm was marked at the top of the TLC plate prior to it
being vertically placed in the chamber; this meant that the plate could be taken out from
the chamber expediently as soon as the marked line was reached by the mobile phase.
After the intended distance of the mobile phase had been reached, the TLC plate was then
removed from the chamber and left to dry. Visualised bands (section 3.3) were cut and
placed into a flask after being cut with care, and were subsequently immersed in sufficient
acetone solvent. For two hours, the silica plates were macerated with acetone with
continuous stirring. Whatman filter paper was then used to filter the acetone extract.

62



Extraction with acetone was repeated three times. The solvent was then evaporated with
the use of a rotavapor (sourced from Buchi in the UK) or dried under nitrogen with a
heating block (sourced from Stuart in the UK). The dried preparative TLC fractions were

weighed and analysed.

2.4.2 Structure identification technique

24.2.1 HPLC-ESI-MS

Once the samples had dried, they were then dissolved in hexane: ethyl acetate (50:50)
mixture making a concentration of 1 mg/mL. A millilitre sample was transferred to the
HPLC-MS vials (sourced from TheromoScientific, C4015-88) and the solvent
subsequently evaporated under nitrogen. The dried samples were reconstituted with 1000
pl dichloromethane: methanol (20:80 v/v) for HPLC-MS analysis. Using the sample
solvent mixture, blank was also made. Herein, the automatic pipette (Eppendorf

PhysioCare) was used for all measurements.

The molecular weight of a compound can be determined with mass spectroscopy (MS).
In this study, both negative and positive modes of ionisation were employed, using the
Exactive Orbitrap instrument (from the ThermoFischer Corporation, based in Hemel
Hempstead, UK). HPLC was coupled and interfaced with Electron spray ionisation (ESI)
mass spectrometer. With ESI less fragmentation data was produced for structure
elucidation; the acquisition of the data was achieved through the use of the Xcalibur 2.1.1
software programme. The analytical HPLC column ACE 5 C18 (sourced from Hichrom
Ltd. V11-6348) with 5 pum sized particles, and a pore size of 100 A (dimensions
measuring 75x3.0 m) was used. Temperature was kept constant at 22 °C, while the
pressure was roughly at 37 bars. Purified water (A) and acetonitrile (B) comprised the
mobile phase, with a total of 0.1% v formic acid in each solvent. A linear gradient of 90%
A and 10-100% B was used for the sample elution, for a total of 30 minutes. Then, the
mode was switched to isocratic for five minutes, and was reduced to 10% for a total of
one minute. Subsequently the column was re-equilibrated using 10% of solvent B for a
total of nine minutes prior to the next sample injection. A flow rate of 300 uL/min was
utilised within this method, with a capillary temperature of 275°C, a voltage of 32.5V,
and a 10 pl injection volume. The ESI spray voltage used was at 4.Kv.
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24.2.2 GC-MS

GC-MS identification was used with a GC-DSQ Il Mass Spectral system
(Thermo Scientific, Bremen, Germany) and coupled to the NIST Library (Hewlett
Packard, Palo Alto, CA, USA). The InertCap 1 MS capillary column (GL Sciences Inc,
Japan) was used by 30 m long, 0.25 mm i.d, and 0.25 um film thickness. The sample was
injected, in splitless mode, into an inlet maintained at 250 °C and with a split flow of 11
mL/min (splitless time one minute). The carrier nitrogen gas flow was maintained at a
constant 1.5 mL/min. The oven temperature was increased from 80 °C to 320 °C at a rate
of 10 °C/min after an initial hold of one minute. The MS transfer line was maintained at
a temperature of 320 °C, and the mass range used was 50.0-800.0. Therefore, the
subsequent sample preparation procedure involved the dissolution of 1 mg of the selected
fractions including (mesocarp coded F/4,5,6 F9, F12,14/F9 and F4,5,6/F1/F5) (exocarp
coded F2.6, F3.8 and F4.9) and (endocarp coded F14 and F20) in 1000 uL of chloroform
(Sigma-Aldrich, USA) in GC-MS vials, which were then sealed shut. The samples
underwent GC-MS analysis, which was carried out by Ms Patricia Keating at the
Department of Pure and Applied Chemistry at the University of Strathclyde.

2.4.3 Structure elucidation techniques
2.4.3.1 Nuclear Magnetic Resonance (NMR) Spectroscopy

2.4.3.1.1 Proton Nuclear Magnetic Resonance (1H-NMR)

One spectroscopic technique used to identify the hydrogen frameworks of organic
compounds in naturally occurring crude extracts is *H-NMR Proton Nuclear Magnetic
Resonance technique. Particular chemical functional groupings and clades, such as
aldehydes, aromatics, carboxylic acids, sugars, fatty acids, and steroids can be partially
identified using this technique. However, other spectroscopic techniques are also applied
to distinguish between chemical classes that are closely related and that appear in the

same region on the spectra.

Nuclei that have an overall hydrogen (*H) net spin can be detected by NMR spectroscopy.
This involves two distinct stages; lower energy levels, and higher energy levels. Referred
to as nuclear magnetic resonance, lower-energy-state nuclei are able, with

electromagnetic radiation, to be brought to a higher energy state. The energy absorption
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is then detected and captured as signals and plotted against the chemical shift (5). The
amount of energy that is required is dependent on the chemical binding properties of the

atom.

'H-NMR was used to get an overview of the chemical profile of the extracts of each part
of F. carica. Thus, 5 mg or 2 mg of the dry plant extracts or fractions were dissolved in
600 uL or 200 uL, respectively, of appropriate solvent (CDCls or aceton-ds) depending
on the polarity and solubility of the samples. The samples were transferred into NMR
tubes and run on a Briker 400 MHz equipment or on a JNM-LA400 instrument (JEOL,
Japan).

2.4.3.1.2 Carbon Magnetic Resonance (13C-NMR)

'H-NMR is sometimes complemented by utilisation of carbon magnetic resonance
techniques (**C-NMR), which provide additional information concerning enumeration of
the carbon atoms present in the sample, the means by which the aforementioned atoms
correlate to hydrogens, as well as the environment of the various functional groupings.
13C-NMR can provide a considerable, powerful and efficacious tool for structural
elucidation. The distortionless enhancements achieved via polarisation transfer (Dept-
135), and, alternatively, J-mod or J-modulation, represent a further one-dimensional,
complementary technique assisting the confirmation of the type carbons according to the
number of attached proton, i.e., CHs, CH2 or CH as well as carbons that have no attached
hydrogens, known as quaternary carbons. Samples of F. carica mesocarp, endocarp and
exocarp fractions and sub-fractions were subjected to either J-mod, **C-NMR, or Dept-
135 analysis using Bruker-400 MHz or 400 MHz-500 MHz equipment. The Dept-135
parameters of number of scan was either 2048, 3072 or 4096; receiver gain 198.2 or 2050,

relaxation delay 2 ms, and pulse width 10 Hz.

2.4.3.1.3 Two-dimensional NMR experiments

Two-dimensional NMR experiments include Correlation spectroscopy (COSY);
Heteronuclear Single Quantum Correlation (HSQC) spectroscopy; and Heteronuclear
Multiple Bond Correlation (HMBC) spectroscopy. The spin couplings between
proximate protons can be detected by COSY’; one bond coupling between a protein and a

carbon can be identified using HSQC (referred to as a 1-bond H-C); any correlations
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between the carbon atoms and protons that goes through either four, three or two bonds
away from one another are highlighted by HMBC. The HSQC parameters of number of
scan was between 8 to 16; receiver gain was between 16 to 198, relaxation delay was
between 1.5, and pulse width was between 10 to 12. Moreover, HMBC parameter of
number of scan was 32, receiver gain was 198, relaxation delay was 2 ms, and pulse delay
width was 12 Hz. These spectra are thus very useful, yielding considerable and useful
information, and permit the construction of partial structure fragments so that the

complete structure of the compounds can be revealed.

Fractions and sub-fractions of F. carica mesocarp, endocarp and exocarp were analysed
using either 600, 400 or 500 MHZ spectrometers (the AVANCE-III, sourced from
Briiker). The samples, measuring 2 mg or 5 mg were subsequently dissolved into 200 puL
or 600 uL of acetone-de (Aldrich, 151793-10X0.75mL) or, alternatively, chloroform-d
(CDCl3) (Aldrich, 151823-100G), before being transferred to a 5 mm or 2 mm diameter
NMR tube (Z2118257-1EA Aldrich).

2.5. Metabolomic methods

2.5.1 Metabolomics workflow

A pre-defined metabolomics workflow was designed to fit the aim of the study. Several

steps were involved; these are illustrated in Figure 2.4 below.
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Figure 2.4: Metabolomics flowchart cascade tools for mining active metabolites of F.
carica endocarp, exocarp and mesocarp against acrolein induced oxidative stress in AD.

2.5.2 Data analysis using MZmine 2.10

A key feature of the MZmine software design is the inclusion of data processing modules
as well as strict separation of core functionality (Pluskal et al. 2010). Embedded
visualisation tools are used by data processing modules, allowing for an instant preview
of parameter settings. Furthermore, peak identification using online databases is a
functionality that has been recently introduced. By using the algorithm for random-
sample consensus, features were established that include isotopic pattern recognition,
scatter plot visualisation, and peak list alignment. Mass spectral raw data were then
subsequently subjected to further processing through the utilisation of other programmes,

such as Macrodrive.

The LC-MS raw data were sliced into positive and negative ionisation modes using the
MassConvert tool file slicer from the data-to-split wizard. The MZmine 2.10 programme
was then used to import the sliced MS data. The peak-detection and centroid-mass
detector was chosen following cropping of the chromatograms (0.0 to 28.0 min). The
noise and the MS levels were set to 1.0. Chromatogram builder, deconvolution and
threshold levels were set automatically. Normalisation, as well as isotopic peaks
grouping, was undertaken according to an m/z tolerance (values: at 0.001 m/z or 5.0 ppm);
the minimum standard intensity was set at 5%, and the RT tolerance was also set to 5%.
A join-aligner was used to align all peaks: weight for m/z: 20, m/z tolerance: 0.001 m/z

(or, alternatively, 5.0 ppm). The aligned peak list was gap-filled with the use of a peak-
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finder function (intensity tolerance: 1%, m/z tolerance: 0.001 m/z or 5.0 ppm, RT
tolerance: 0.5 min). The following criteria were used for an adduct search: maximum
relative adduct peak height at 30%; m/z tolerance at 0.001 m/z or, alternatively, 5.0 ppm;
RT tolerance set at 0.2 absolute (min). [M-H] was used for the negative ionisation mode,
and [M+H] was used for positive ionisation mode and performed for searched adducts,
including Na, K, NH and ACN+H. For an additional clean-up (as detailed below), all the
information and data was saved and stored in a DNP Macrodrive 2015 database in the
form of a CSV file.

2.5.3 Data analysis using dereplication via DNP-Macrodrive 2015 database

Macrodrive 2015 database is a systematic dereplication method for crude extract samples
that can be combined with HTS for screening of NP mixtures using LC-MS (Ito and
Masubuchi 2014). In this study, the MZmine-processed data was exported into the
relevant sections of the Macrodrive 2015 database. The MACROS remove ion peaks
found from the blanks and clean up background noise. Additional analysis was completed
by selecting the “dereplication’ function. For further analysis, a SIMCA-P generation file

(see below) was collated to a CSV file format.

2.5.4 Multivariant analysis using SIMCA-P as High-throughput screening

Advanced statistical chemometric techniques were used in combinatorial and HTS so that
visualisation, lead identification, and pattern recognition can be successfully achieved
(Ward, 1963). In this study, SIMCA 14 (Umetrics, Sweden) software was employed to
generate the metabolomics principles. Figure 2.5 depicts a flowchart of the multivariate

analysis process used.
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Figure 2.5: Flowchart of the multivariant analysis strategy applied using SIMCA-P for
F. carica exocarp, endocarp, and mesocarp against oxidative stress related AD.

2.5.4.1 Principal-component analysis (PCA)

Within the discipline of chemometrics, PCA is a notable basic workhorse that aims to
summarise the variation per few scatter and informative scores of groups (Eriksson et al.
2004). In the present study, all F. carica fractions were subjected to PCA to indicate

similarity through clustering.

2.5.4.2 Hierarchical cluster analysis (HCA)

HCA was used to identify comparatively similar fractions to a set of characteristics used
for measuring qualities such as chemical composition. The method begins with each of
the metabolites, subsequently proceeding to assimilate these clusters in a sequence, and
finally reducing the number of clusters. In this study, HCA was performed using Ward's
method of linkage. Ward’s (1963) method of analysis employs a variance approach to
determine the distance between clusters. This method is considered a particularly efficient
HCA, since it aims to separate the various groups in a way that minimises the potential
loss of information. In this study, Ward's method was used to cluster the fractions from
different fruit parts of F. carica that included the mesocarp, endocarp, and exocarp based
on their LC-MS data. The aim was to verify the similar chemical composition of these

fractions and extracts.

2.5.4.3 Orthogonal Projections to Latent Structures Discriminant (OPLS-DA)

Active metabolites can be distinguished from inactive ones by OPSL-DA, by setting
against their biological activities per scattered cluster or a grouped cluster (Bylesjo et al.
2006). In this study, OPLS-DA was utilised for the fractions of each fruit part of F. carica

by sorting the active from the inactive fractions.
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2.5.4.4 S-plotanalysis

S-plot analysis is a statistical tool that facilitates the visualisation of discriminating
variables so that the putative biomarkers can be targeted (Tugizimana et al. 2016). S-plot
analysis is implemented under the OPLS-DA model. In the present study, each part of F.
carica was subjected to S-plot analysis and the putative targets were finally elucidated
using NMR, as described in Section 2.4.3.

2.6. Biological methods

2.6.1 Biological equipment’s and reagents

For the experiments in this study, 75 cm? sterilised tissue culture flasks were obtained
from Flasks Corning® (NY), and 96 well plates were purchased from Bio-one® (UK).
Penicillin/streptomycin was obtained from GipcoBRL® (UK), and tryptan blue from
(SigmaAldrich, T8154-20mL). Dimethyl sulfoxide (DMSO) was obtained from Fisher
Scientific® (bp231-100, UK). Cell culture DMEM/F-12 (1:1) and Glutamax™ was
purchased from Gipco® (31331-028, UK), and foetal bovine serum (FBS) from Gipco®
(UK). AlamarBlue® was obtained from Biorad® (BUF012B, USA). Trypsin tetra
methylethylendiamine (TEMED), Hank’s balanced salt solution, and acrolein were all
obtained from SigmaAldrich® (UK).

2.6.2 Cell culture

The neuroblastoma SH-SY5Y cell line was generously provided by Dr. Ben Pickard at
the University of Strathclyde (Glasgow, UK), and the cell line that mostly employed was
in the 20" to 30" passages (Zadina et al., 1993). In this study, the neuroblastoma SH-
SY5Y cell line was re-suspended and cultured in an equal volume (1:1). DMEM and Ham
F12 media to which 50 mL foetal bovine serum (10% FBS), 5 ml non-essential amino
acid, and 5 mL penicillin-streptomycin antibiotic (10,000 unit) was added. The cells were
cotained in 75cm? flask with 10 mL of the media mixture incubated in a humidified
incubator at 37°C, 5% CO? and 95% air. The media within the culture flask was regularly
changed every 3-4 days to ensure healthy cells while floating cells were discarded.
Additionally, differentiated SH-SY5Y cell lines were achieved via the addition of 10 uM
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retinoic acid when the cells were transferred to 96-wells on two-day of cell culture.

Retinoic acid (RA) was generously provided by Dr. Ben Pickard.

2.6.3 Heamocytometer

The cell suspension was diluted up to 10 mL media in a falcon tube after splitting the cell
suspension to prevent cell clumping and clustering. A bright-line haemocytometer
(Sigma-Aldrich, Germany) was used to count the cells. The device was properly washed
and cleaned with both distilled water and 70% alcohol. Then, a 20 pL drop of the diluted
cell suspension in tryptan blue was placed on one of the sides of the heamocytometer grid.
The lid was then gently placed on top of the drop, to prevent the appearance of any
bubbles. Cells were then counted in each 1 mm corner squares of the chamber (Figure
2.6) under the Olympus CK40 microscope (Japan). The total number of cells counted in

the four corner squares were calculated accordingly:

Total number of cell = [(Xcounted cell) / 4]x10%= (cell/mL). Where, C X V=C'X V'
= Total number of cell = [(cell/mL) x V (uL) = 3.33x10* cell/ml x 10000 pL].
V = (3.33x10* x 10000)/total number of the cell = the total final volume in pL.
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Figure 2.6: Haemocytometer plate illustrated the four corner squares margin of the
counted cells in the chambers of the bright line heamocytometer and the cells in each
primary square.
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2.6.4 Cell viability test via AlamarBlue® assay

The AlamarBlue® assay was used to measure cell viability. The assay is a fluorometric
measurement of metabolic activity used to detect the effect of potentially active
compounds on cell viability. In metabolically active cells, the active ingredient of

AlamarBlue® is resazurin (IUPAC name: 7-hydroxy-10-oxidophenoxazin-10-ium-3-
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one), which is water-soluble but is capable of permeating cell membranes and non-toxic.
Resazurin is reduced to resorufin and the dye changes from non-fluorescent blue to highly
fluorescent pink. The dye acts as an intermediate electron acceptor in the electron
transport chain, as shown in Figure 2.7. The change from the oxidised to the reduced form
can be quantitatively measured as a colourimetric or fluorometric reading at a wavelength
of 560 nm and 590 nm (Rampersad, 2012).

Resazurin Resorufin

KIIZM@U

NADH

Figure 2.7: The oxidation-reduction reaction of the non-fluorescent resazurin blue dye
turning to highly fluorescent resorufin pink dye due to the transformation of NADH to
NAD".

Initial cell viability screening was undertaken to the net of the fractions in each part of F.
carica at a concentration of 30 ug/mL against in vitro differentiated SH-SY5Y cell lines.
All of the samples were dissolved in 1000 pL of hexane: ethyl acetate (1:1 v/v) solvent
to reach a concentration of 30 pg/mL. Then, a single mg of each of these samples was
calculated before being transferred into a clean vial. The samples were dried under
nitrogen, after which, each sample was reconstituted with 100 pL DMSO as a stock
solution to be used later for serial dilution. In the second step of the procedure, 99 pL was
taken from each of the reconstituted samples and transferred to 96-well plate where they
were diluted in 1.2 pL of the stock media. In the final step of the procedure, 25 uL of the
second diluted solvent was re-transferred to another 96-well plate and re-diluted in 75 pL
of cell media. Cells that went untreated were reserved as positive controls with 100%
viability. The results were also validated using a negative control and maintained by
diluting 25 uL of triton x (that is, 8 pL of triton x in addition to a total of 2 mL of fresh
media). A concentration of 10 pL of AlamarBlue® was added to the 96-well plate 24
hours after the treated cells were incubated, and re-incubation occurred for another 4-6
hours at 37°C, 5% (v/v) CO2 and 100% humidity. The aforementioned procedure was
undertaken three times, and the relative cell viability was calculated using the formula

below:
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Relative cell viability = mean (Absorbancesampie/ Absorbancecontror) X 100

2.6.5 Cytotoxicity test

The principle of a cytotoxicity test is the adverse effects resulting from the interference
by molecular structures and/or processes essential for cell survival, proliferation and/or
function (Ekwall, 1983). Mesocarp fractions that included F4,5,6/F9; F12,14/F9; and
F4,5,6/F1/F5; endocarp fractions F14 and F20; and exocarp fractions including F2.6,
F3.8, and F4.9 were subjected to cytotoxicity test by which SH-SY5Y cells were seeded
in 96-well plastic plates for 48 hours, then 10 uM (RA) was added to the 96-well plastic
plates to cease proliferation and induce differentiation. Serial concentrations of 30 ug/100
ul, 10 pg/100 pL, 3 pg/100 pL, 1 pg/100 pL, 300 ng/100 pL, 100 ng/100 pL, 30 ng/100
puL and 10 ng/100 pL were measured from a stock treatment solution (1000 pg /100 pL)

and were diluted as shown in Figure 2.8.

0 pg was observed by dissolving 1.2 pL from
2nd serial dilution the stock solution to 98.6 pL of media = 100 uL 18t serial dilution

10 pug was observed by dissolving 33 pL from
| 30 pg solution to 66 pL of media = 100 puL

3 ug was observed by dissolving 10 uL from | A concentration of
30 pg solution to 90 pL of media = 100 pL 20 UM acrolein was

3" serial dilution

|1 ug was observed by dissolving 10 pL from added to each Step

th - - -
4™ serial dilution 10 pg solution to 90 pL of media = 100 pL

| 300 ng was observed by dissolving 10 pL from
5t serial dilution - 3 solution to 90 pL of media = 100 pL

00 ng was observed by dissolving 10 pL from

th H iliti
6% serial dilution 1 pg solution to 90 pL of media = 100 pL

‘30 ng was observed by dissolving 10 pL from
7" serial dilution ‘ 300 ng solution to 90 pL of media = 100 pL

[

iO ng was observed by dissolving 10 pL fro[‘

Figure 2.8: The preparation of the serial concentrations of the treatments for the
cytotoxicity test. A multiple-channel pipette (Eppendorf®) was used to measure and
transfer the concentrations to their appropriate wells. 30 pg was diluted as 1% serial
dilution denoted in yellow box then was diluted as 2" serial dilution denoted in light
green box.
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Next, the 96-well plates were cultured for 24 hours prior to the addition of 20 uM acrolein
and treatment. Cell viability was evaluated using AlamarBlue®. Spectrophotometric
measurements were taken at 560 nm and 590 nm wavelengths. Both positive (non-treated
cells) and negative controls (triton-x) were maintained in order to validate the test; in
addition, the viability of each test culture was calculated prior to the addition of
AlamarBlue®, as described above in section 2.6.4. The statistical analysis was performed

as described below.

2.6.6 MTT assay

Briefly, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromidefor (MTT) was
dissolved in Phosphate-buffered saline (PBS) solution at a concentration of 5 mg/ml, and
then cells (5 x 103 cells/well) were seeded in 96-well plates. After exposure to different
concentration of acrolein (0.01, 0.1, 1, 10 and 100 uM) for 24 hours, then 10 pl MTT
solution was added to each well and the plates were incubated for additional 4 hours at
37 °C. Then, the medium containing MTT was aspirated off. To achieve solubilisation of
the formazan crystal formed in viable cells, 200 pl of DMSO was added to each well. The
absorbance was read at 570 nm with Dimethyl sulfoxide (DMSO).

2.6.7 Western blotting test (WB)

The principle of western blotting is to identify specific proteins from a complex mixture
of proteins extracted from cells (Yang and Mahmood, 2012). In this study, the mesocarp
fractions including F4,5,6/F9, F12,14/F9 and F4,5,6/F1/F5; endocarp fractions F14 and
F20; exocarp fractions including F2.6, F3.8, and F4.9 were subjected to WB by which the
preparation and the procedure of WB are described below;

2.6.7.1 The preparation of WB buffers and solutions

WB buffers were prepared according to the followings;

Transfer buffer

Glycine, tris base and methanol were measured as illustrated in Table 2.1. Distilled water
was then filled up to the mark in 1L volumetric flask.
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Table 2.1: The measurements for preparing transfer buffer.

Chemicals name Weight and volume
Glycine 144 ¢

Tris base 3.0¢g

Methanol 200 ml

TBS (10x) and TBS (1x)

Tris-buffered saline (TBS 10x) was prepared by measuring 100 ml of 1M tris-cl (pH 7.5)
and 375 ml of 4M sodium chloride (NaCl), then were mixed and diluted with distilled
water up to 1L volumetric flask (stock solution). 100 ml from the stock solution was

pipetted then diluted with distilled water up to 1L of volumetric flask.

TBS-tween (1x)
100 ml of TBS (10x) stock solution was mixed with 2 ml tween 20 (0.2% v/v) and diluted

up to 1L with distilled water.

Blocking solution

5 g of skimmed milk powder was weighed and dissolved in 50 ml TBS-tween. However,

blocking solution was always freshly prepared just before the moment of using them.

2.6.7.2 The preparation of lysed aliquots for WB analysis

Pellets in Eppendorf caps were lysed with (1:1) RIPA Lysis Buffer System (RLBS) from
Santa-cruz® (sc-24948) and (2x) Electrophoresis Sample Buffer (ESB) from Santa-cruz®
(sc-24945). The aliquots were continuously re-suspended via 1 ml syringe until the blue

colour turned to dark violet. The aliquots were then heated into a heat block for 5 minutes.

2.6.7.3 The preparation of antibodies for WB analysis

400 pL of NQO1 rabbit polyclonal antibody (Ab) (PA5-14238, invetrogen, UK) was
diluted by blocking solution in a dilution factor of 1:1000. To prevent freeze / thaw cycle,
the diluted Ab was split into equal aliquots, then were kept into the -20°C freezer. An
aliquot of the diluted NQO1 was thawed at room temperature before the times for them

to be used.
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2.6.7.4 The preparation of Ab detection by using Enhanced Chemiluminescence
Luminol (ECL) solutions

The following chemicals and solutions were prepared for ECL detection;

250 mM Luminol

0.07 g of luminol from Fulka® (cat no 09253) was weighed and dissolved in 5 ml of

DMSO. The solution was then split into equal aliquots of 1 ml and was stored in a dark

container at -20°C because they are unstable to light.

90 mM P-coumaric acid

0.07 g of P-coumaric acid from Sigma Aldrich® (cat no C-9008) was weighed and
dissolved in 5 ml DMSO. The solution was then split into equal aliquots of 500 pl and

was stored in a dark container at -20°C because they are unstable to light.

ECL1 solution

440 ul from P-coumaric acid aliquot, 1 ml Luminol aliquot, and 10 ml of 1M tris-base
(pH 8.5) were mixed and diluted to 100 ml with distilled water in a dark container to
prevent any reaction, then was stored in the fridge.

ECL. solution
64 pl hydrogen peroxide (H202) 30% and 10 ml of 1M tris-base (pH 8.5) were mixed and
diluted to 100 ml with distilled water in a dark container to prevent any reaction, then was

stored in the fridge.

2.6.7.5 The procedure for preparing WB gels into gel plates.
2.6.7.5.1 The preparation of resolving gel in the bottom of the plate (10%o gel)

30% acrylamide/bis-acrylamide, resolving buffer (4x), distilled water, amonium
persulphate (APS) (100mg/ml) and N’-N’ tetramethylethylene-diamine (TEMED) were
measured as illustrated in Table 2.2 and placed into a centrifuge tube then were vortex
for 30 seconds.

76



Table 2.2: The measurements for the resolving gel chemicals and buffers.

Chemicals and buffer’s name Volumes
Acrylamide/bisacrylamide (30%) 6.6 ml
Resolving buffer (4X) 5ml
Distilled water 8.2 ml
APS (100 mg/ml) 100 pl
TEMED 10 pl

2.6.7.5.2 The preparation of stacking gel at the top of the plate (5% gel)

30% acrylamide/bis-acrylamide, stacking buffer (4x), distilled water, APS (100mg/ml)
and TEMED were measured as illustrated in Table 2.3 and placed into a centrifuge tube

then were vortex for 30 seconds.

Table 2.3: The measurements for the stacking gel chemicals and buffers.

Chemicals and buffer’s name Volumes
Acrylamide/bisacrylamide (30%) 1.64 ml
Stacking buffer (4X) 2.5 ml
Distilled water 5.86 ml
APS (100 mg/ml) 60 pl
TEMED 10 pl

Gel plates were thoroughly washed with water and cleaned with 70% ethanol, and were
vertically assembled by using the rubber spacers between the edges of the plate’s wall
and strongly clipped with a proper clipper beside the assembled plates in order to prevent

leaking when pouring the buffers into them.

After the resolving solution was prepared and vortex, it was poured directly between the
spaces of the assembled plates and was left about 1 to1.5 cm space at the top of the plates
then were overlaid with a very thin layer of isobutanol solution in order to prevent any
trapped or further formation of bubbles. After the bottom layer was polymerised, the
remaining isopropanol solution was removed by a gently wash with distilled water then
was dried up by inserting a strip of a paper towel without affecting or attaching the

polymorised bottom layer.

The prepared stock solution was directly poured at the top of the polymerised resolving
solution after isoproranolol was completely and gently removed as well as the Teflon
comb was immediately inserted into the top of the gel. After the top layer was completely

polymerised, the comb, rubber and clips were carefully removed and the gel plates were
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directly assembled and adjusted into (ATTO corporation, model AE6450 from Japan)
electrophoresis tank, and the tank was filled up with (1x) running buffer. Moreover, 5 pl
of pre-stained electrophoresis molecular weight marker aliquot was firstly loaded within
the starting of the wells and the desired aliquots of the isolated compounds were then
loaded with approximately 30 pg per lane next to the loaded pre-stained marker by using
10 pL micro-syringe. ATTO apparatus was run in order to determine the desired protein
at a constant voltage and amplitude of 125V and 200 mA for = 1-1.5 hours or until the

pre-stained marker dye had almost reached the bottom of the gel.

2.6.7.5.3 The procedure for obtaining WB analysis

The gel containing separated protein as revealed in section 2.6.6.5.2 were gently
transferred and placed into a cut fitted size nitrocellulose membrane (pore size 0.45 nm),
then they were sandwiched between 4 sheets of cut fitted size whatsman #3 mm and a
fitted sheet square of sponge, respectively after they were all soaked in a transfer buffer
(1x) solution. The sandwiched layers were then assembled into the plastic holder and the

direction of the voltages were organised as can been seen in Figure (2.9).

e Plastic holder red top (+ve)
Sponge
2 sheets of whatman papers

. Nitrocellulus membrane

[ ] Gel
2 sheets of whatman papers

Sponge

-_——————Plastic holder black bottom (-ve)

Figure 2.9: Shows the sequences for assembling WB sandwich and the directions of
(+ve) at the red top and (-ve) at the black top voltages.

The sandwiched plastic holders were assembled into the Bio-Rad mini Trans-Blot™ tank
and were filled with transfer buffer (1x). Fitted Ice rack was assembled into the tank, next
to the sandwiched plastic holders to prevent the gel from melting. Thereafter, the
apparatus was run at a constant current of 300 mA for approximately 2 hours. After the
apparatus was stopped, nitrocellulose membrane was gently picked out from the sandwich
by using forceps and placed into a clean plastic container which was soaked with a freshly
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prepared TBS-tween (1x). The plastic container was held on a shaker apparatus and was

incubated over night at 4°C.

The membranes were washed 4 times with TBS-tween each for 10 minutes and one
member was added the primary thawed NQO1 Ab and the other membrane was added B-
actin Ab, then the membranes were replaced on the shaker and were re-incubated at 4°C
oer night. Later, each Ab was poured into their specific falcon tubes and were re-stored
in the freezer at -20°C. On the other hand, the membranes were re-washed 3 times with
TBS-tween each for 7 minutes and once with TBS (1X) solution for 5 minutes. The blots
were then developed by using ECL solution. Therefore, equal volumes 1:1 of ECL1 and
ECL2 as can be seen in section 2.6.6.4 were added after TBS (1x) solution was removed
from the blots. Bands were then detected by using (LAS3000) image from Fujifilm
Company. In addition, the intensities of the desired bands were quantified by using Image
J analysis software from (www.imagejdv.org) and were compared with the control band
(B-actin).

2.6.8 Statistical Analysis

Graphs of F. carica fractions were facilitated by Microsoft Excel, and a one-way analysis
of variance (ANOVA) was performed using GraphPad Prism 5.0 software (GraphPad
Software, San Diego, CA, USA). Significant differences amongst the means were
calculated using Prism, with a significance level of P =0.05 or P =0.01. The latest version
of the Dictionary of Natural Products (DNP) database was used to identify similar

structures.
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CHAPTER THREE MESOCARP RESULTS
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3. Isolation and identification of bioactive metabolites from the mesocarp of Ficus
carica and bioactivity on differentiated SH-SY5Y neuoronal cell line

The leaves of the fig tree have been the focus of extensive research, while other parts of
the plants have not received the same amount of attention (Singh et al., 2007). For
example, the fruits, and in particular the mesocarp part, have been inadequately examined
in terms of their phytochemistry, even though they are widely used in traditional medicine
in various countries (e.g. India, China and Middle East). Furthermore, the active
principles have not been thoroughly investigated in bioassays such as in in vitro
differentiated SH-SY5Y cell line with the purpose of identifying the compounds. In the
present chapter, the investigation undertaken to determine the chemical profile of ethyl
acetate crude F. carica mesocarp is presented. Mesocarp fractionation was achieved by
medium-pressure flash chromatography followed by High-Throughput Screening (HTS).
Furthermore, the metabolomic techniques of drug discovery were employed to analyse
the mesocarp. Thin layer chromatography (TLC) and nuclear magnetic resonance
spectroscopy (NMR) were employed for the analysis of F. carica mesocarp fractions and
sub fractions. Furthermore, GC-MS was used to analyse the lipophilic fractions. In
addition, preliminary cell viability screening, cytotoxicity test and western blotting test

were employed for biological investigation.

3.1 First fractionation

Flash chromatography was employed to fractionate a 1.3 g dried crude F. carica mesocarp
extract (Figure 3.1). The crude extract was dark brown in colour and had a nutty, sweet
smell. Fractionation by flash chromatography afforded 233 fractions. The
chromatographic conditions employed for the purification of the crude sample of
mesocarp is described in Table 3.1. Figure 3.2 illustrates the elution protocol using
hexane, ethyl acetate, dichloromethane, and methanol as solvents in flash
chromatography. The total dried weight of the eluted fractions was 1.1288 g resulting to
a yield of 86.8%. The failure to collect the peaks below the signal threshold while 2% of
volume run going through the ELSD were anticipated to be the likely cause for the loss
of 0.1712g.
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Figure 3.1: Fractionation scheme for crude F. carica mesocarp extract (1.3 g) affording 17 fractions shown in green. Further fractionation of the bioactive
pooled fractions F4,5,6 and F12,14 yielded an additional 47 sub-fractions. Boxes in red colour were excluded from further bioassay and elucidation work
due to their low yield, while fractions in blue boxes were subjected for further work. Purification of F4,5,6 gave six fractions denoted in brown boxes.
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Table 3.1: Chromatographic conditions employed for the purification of the crude F.
carica mesocarp via flash chromatography by gradient elution 147.66 min and isocratic
elution 68.30 min. EtOAc, MeOH and DCM represent ethyl acetate, methanol and
dichloromethane, respectively.

Crude Silica Flow rate Duration ESLD uvi
extract column mL/min min threshold
size
Mesocarp 24 g 10 217 min 20 mV 254 nm
uv2 Sample Solvent A Solvent B Solvent C Solvent D
loading

280 nm Dry Hexane EtOAC MeOH DCM
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Figure 3.2: Normal phase chromatogram for the fractionation of the dry crude F. carica
mesocarp extract. Solvents used were hexane (A) and ethyl acetate (B) with 0% B at 0-5
min, 10% B at 5-10 min, 20% B at 10-20 min, 30% B at 20-30 min, 40% B at 30-40 min,
50% B at 40-50 min, 60% B at 50-60 min, 70% B at 60-70 min, 80% B at 70-80 min,
90% B at 80-90 min, and 100% B at 90-117 min. Subsequently, solvents were switched
to methanol (C) and dichloromethane (D) with gradient elution from 90% to 70% D. The
ELSD was denoted by the green line, UV* and UV? denoted by the blue and violet lines,
respectively. Collection volume was set at a maximum of 20 ml and mode of collection
was by peak detection as denoted by the coloured bars. The highlighted peaks in orange
and grey represented the pooled fractions F4,5,6 and F12,14, respectively. DCM and
MeOH respectively stand for dichloromethane and methanol. The % in black colour
indicated the solvent ratio.

High intensity green peaks (Figure 3.2) were eluting at higher ratios of non-polar solvents
as with 100% hexane and 100% dichloromethane. These high intensity peaks were
observed with the evaporative light scattering detector (ELSD). Subsequently, low

intensity but sharp peaks were observed at equal ratios of the eluting solvents (Figure
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3.2). Weaker broader peaks were observed under UV detection at both 254 and 280 nm.
As the ratio of ethyl acetate increased, lesser peaks were being eluted and detected. On
the other hand, switching the mobile phase to dichloromethane and methanol increased
again the elution of compounds particularly at the isocratic ratio of 70% dichloromethane
and 30% methanol.

TLC was used to monitor the eluted fractions (Figure 3.3). A comparison between
fractions was subsequently undertaken by running a range of solvent systems for the
mobile phase. Beginning with the least polar fractions, fraction codes were allocated,
Fractions with similar chromatograms were pooled resulting to 17 fractions for the 1%
fractionation. F4, F5, and F6 as well as F12 and F14 were pooled together due to
similarities in their NMR spectrum (Section 3.4, Figure 3.9). They were subsequently
subjected to further chromatographic purification. All 17 fractions were dried and

weighed (Figure 3.1). However, F13 was eliminated due to its small yield.

84



[ i B g
| . pooled _
: ] | Lo
| o | 0]
o k . | oy L) ‘:‘J
» T ! s O
| - ' ). 3
o000 <
Q r‘_"p ‘ o T'D‘ (_J ) r- [F' Lo
| i —4(2 s g o 0 (05 56 [ oo W Lo o :}ﬁ!’"\
FLF2F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F F1 F2 F3 F4 F5 F6 F7 F8 FO F10 F11Fi2 FI3 F14F15 F16 Fl7
|| 90-10 gthylacstatechexanse 70:30 ethylacetate:hexane
I ~ — -
' ' |
| = = g o ': v
i = : > o
_CJD - I i "
l o Y [ 1(e?,
i raw, B v ° 0
Bsop: ol 1160 Rl ot o,
% £~ ¢ 1 '1 Al i e N y )
I—— - L. — -t} 7 PR R . . ‘_'n.’ il |4‘_
F7_F8_F9 F10 F11 F12 Fi3 Fi4 ETE‘ETE% FO F10 F11 F12 F13 F14 FI8™ " F0 P10 F11 F1g P13 Fl4 FI5 Fl6 F17
50:50 gihylacelateshexane 50:50 BQashex 10:90 BiQAc:hex ]
lr 3 3 - R
- - pooled ——— = !
d e T 3 - P
{ O 6 R <D -
; £ T R =
o 8 (R , ’i,’:':uﬁ’ibjo *
| b
O i
i 3 < N ~ i
| 6o B Q86 S
A L= 4} 4:) " |
| b gl ™ -
' o < = 1w 3 o %Y e G
L@ ‘) VS ;i B
T N T B o 9 l__;. B ____.;f rj U, S, [ LY BT W i) ._..'_E.i.}
FL F2 F3 F4 F5 F6 F7 F8 F9 FI0 FI1 Fl2 FI13 F14 F15 F16 F17|" F8 F9 FI0 Fll Fl2 FI13 Fl14 F15 F16 F17
90:10%&115&9%9@;&%@;&
80:20 mmmms
il | ol

Figure 3.3: TLC summary plate of the 1% fractlonatlon of mesocarp crude extract on

Si60. Hexane (Hex) with ethyl acetate (EtOAc) and dichloromethane with methanol
constituted the mobile phase solvents. Hex and EtOAc were employed at ratios of 90:10,
70:30, 50:50, 30,70 and 10:90 and subsequently with dichloromethane and methanol at
90:10 and 80:20. Fractions 4, 5, 6 were pooled, as well as fractions 12 and 14 and were

coded F4,5,6 and F12,14, respectively. Eluates

observed under long UV were represented

by coloured circles and those with pencil markings were detected under short UV, whilst
yellow to brown spots of colour were visualised with P-anisaldehyde/sulfuric acid spray

reagent.
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3.2 Second fractionation

Fractions were selected for further purification work due to their interesting NMR spectral
data (Section 3.4, Figure 3.12) and in vitro biological activity on SH-SY5Y cell line as
shown in sections 3.5 and 3.6, respectively. Moreover, additional purification was carried
out via flash chromatography on the pooled fractions F4,5,6 weighing 372.6 mg and
F12,14 at 259.4 mg affording 24 and 17 sub-fractions, respectively (Figure 3.4). The
conditions for the fractionation procedure were presented in Table 3.2. Normal phase
chromatography was employed to fractionate the metabolites according to their polarity
(Figure 3.5). The total weight of the dry sub-fractions obtained from F4,5,6 was 211.4
mg with an elution yield of 56.7%.

Table 3.2: REVELERIS® flash chromatography system conditions for pooled fractions
F4,5,6 and F12,14.

(F4,5,6/F1) 372.6mg (F12,14/F1) 259.4mg
Column Reveleris®  Silica 129 Silica 12g
Mobile phase A: B hexane: ethyl acetate dichloromethane: methanol
Flow rate 30 mL/min 20 mL/min
Loading method Dry Dry
Gradient 10% decrease of hexane 10% decrease of
with increasing ratio of dichloromethane with increasing
ethyl acetate to 100% ratio of methanol to 30%
Equilibration 4.8 min 3.9 min
ELSD threshold 20 mV 20 mV
UV threshold 0.05 AU 0.05 AU
UV1 wavelengths 254 nm 254 nm
UV2 wavelengths 280 nm 280 nm
Air purge time 0.5 min 0.5 min
Run length 91.0 min 74.6 min
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Figure 3.4: Normal phase chromatogram for the further fractionation of the pooled
fraction F4,5,6. The solvents used were hexane (A) and ethyl acetate (B) with 0% B at O-
5 min, 10% B at 5-10 min, 20% B at 10-20 min, 30% B at 20-30 min, 40% B at 30-40
min, 50% B at 40-50 min, 60% B at 50-60 min, 70% B at 60-70 min, 80% B at 70-80
min, 90% B at 80-90 min, and 100% B at 90-115 min. High, medium and low ELSD
peaks were detected. No peaks were detected for both UV* and UV? wavelengths. Peak
highlighted in grey F4,5,6/F1.

The procedure outlined in this section was again applied to achieve the fractionation of
metabolites from the pooled fraction F12,14 weighing 259.4 mg. Figure 3.5 presents the
collected fractions according to the detected peaks. More specifically, F12,14 afforded
32 fractions weighing a total of 157.3 mg with an elution yield of 60.6%. Fractions with

similar TLC traces were pooled resulting to 17 fractions.

As in F4,5,6, the same size of 12g silica REVELERIS® Flash Cartridge was used for the
chromatographic purification of F12,14. For F4,5,6 a more non-polar solvent system was
used, which was hexane and ethyl acetate. However, for F12,14, the mobile phase was
more polar consisting of dichloromethane and methanol. The solvent systems used for
the respective fractions were optimised by TLC (Figures 3.6 and 3.7). Furthermore, high
intensity peaks shown as a green ESLD trace were collected into fractions. Like in F4,5,6,
no peaks were detected by UV for F12,14. The collected fractions consisted of UV-
inactive compounds, which could be aliphatic in structures. However, the chromatogram
also depicted the occurrence of broad and shoulder peaks. The broader peaks at a later
retention time could be due to a lower flow rate of 20mL/min for F12,14 when compared

to that of the chromatographic condition for F4,5,6.
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Figure 3.5: Normal phase chromatogram for the further fractionation of the pooled
fraction F12,14. The solvents used were methanol (C) and dichloromethane (D)
commencing with 90% D for 10 min, followed by 85% D for the next 10 min, then with
80% D for another 10 min and increased to 70% D in 30 min. The bioactive sub-fractions
F12,14/F8 and F12,14/F9 were highlighted in grey and subjected for further analysis.
DCM and MeOH stand for dichloromethane and methanol, respectively.

Fraction were again monitored on TLC using hexane and ethyl acetate as mobile phase
for the chromatographic purification of F4,5,6, as shown in Figure 3.6. Dichloromethane
and methanol were employed as mobile phase for F12,14 as shown in Figure 3.7.
Visualisation of the majority of compounds was enabled by spraying with P-
anisaldehyde/sulfuric acid reagent. Furthermore, the sub-fractions F8 and F9 eluting from
F12,14, which was highlighted in grey (Figure 3.5) were selected for further analysis due
to their positive bioactivity result, interesting NMR spectral data and metabolomic
profile. The bioactive sub-fractions were coded F12,14/F8 and F12,14/F9.
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Figure 3.6: TLC of fractions obtained from F4,5,6 on silica gel 60A° F254 using hexane
and ethyl acetate as mobile phase. The soft black circles denote the spots observed under
short UV of 250nm, whereas the circles of varying colours, depending on how the colour
was visualised under long UV of 365nm. Spraying with P-anisaldehyde/sulfuric acid
reagent allowed further differentiation between the observed spots. The Rt value of the
fractions of interest was the same F4,5,6/F9 = 0.4, and is indicated in the figure by the
black dotted line.
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Figure 3.7: TLC of fractions obtained from F12,14 on silica gel 60A° F254 using
dichloromethane and methanol as mobile phase. The soft black circles denoted the
compounds observed under short UV at 250nm, whereas the circles of varying colours,
depending on their colour of visualisation under long UV of 280nm. Spraying with P-
anisaldehyde/sulfuric acid spray reagent allowed differentiation to be made between the
observed spots. The Rt value of the fractions of interest, F8 and F9, was the same at 0.4,
and is indicated in the figure by the black dotted line. An additional weak spot with a R¢
value of 0.3 is denoted by the blue dotted line.
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3.3 Third fractionation

Further chromatographic purification was employed for the bioactive sub-fraction F1
obtained from the fractionation of F4,5,6. Preparative TLC of F4,5,6/F1 yielded six
fractions of F4,5,6/F1/F1 to F4,5,6/F1/F6 (Figures 3.8). Due to the bioactivity of the sub-
fraction as shown in section 3.5.3, F4,5,6/F1/F1 at 2 mg was selected for further analysis.
F4,5,6/F1/F5 was also selected for further analysis due to its bioactivity, interesting NMR

spectral data and metabolomic profile.
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Figure 3.8: Preparative TLC of F4,5,6/F1/F5. Rs value was calculated as {[(a+b)/2]/c =
[(12+8.9)/2]/17} = 0.6.

34 NMR

3.4.1 'H-NMR data obtained from 1%t fractionation of crude organic mesocarp
extract

Overall, F1-F17 of the mesocarp exhibited the presence of fatty acid and steroid
resonances in the aliphatic (0 - 2.75 ppm) and olefinic (3.5 — 5.5 ppm) regions, but not in
the aromatic (6.5-9.75 ppm) regions. Moreover, as presented in Figure 3.9, the aliphatic
region contained the overlapping peaks. CDCl3 solvent signal was references at 7.25 ppm.
Fatty acids and steroids were predicted as the primary metabolites. Despite the similarities
apparent between peaks, F4, F5, and F6, as well as between F12 and F14, the fractions

were subjected to further fractionation for purification.

91



F4, F5 and F6 demonstrated identical peaks situated in the aliphatic, olefinic and aromatic
regions up to around 8 ppm. Of these three regions, the aliphatic region was associated
with peaks of highest intensity. Similarly, the highest intensity peaks for F12 and F14
peaks were also observed in the aliphatic and olefinic regions at 5.5 ppm. By contrast, as
shown in Figure 3.9, peaks in the aromatic region were significantly less intense at 6.7-

7.5 ppm.
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Figure 3.9: Stacked *H-NMR spectra (400 MHz, CDCls) of fractions obtained from flash
chromatography of crude ethyl acetate mesocarp extract. The CDCls solvent peak was
referenced at 7.25 ppm.

3.4.2 H-NMR data obtained from fractionation of bioactive eluates F4,5,6 and
F12,14

'H-NMR spectra for fractions F1 to F24 obtained from the chromatographic purification
of F4,5,6 were stacked. F6, F10, and F15 were eliminated due to their inadequate
amounts (Figure 3.10). Likewise, *H-NMR spectra for sub-fractions F1 to F17 of F12,14
were also stacked. Sub-fractions F1 to F3, F5 and F15 from F12,14 were also excluded
because of their low yield, which was less than 2 mg. Overall, the stacked NMR spectra

were dominated by fatty acid resonances. In the aliphatic region (0-2.75ppm), peaks were
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again crowded and overlapping, while in the olefinic region (3.5-5.5ppm), peaks were

superimposed, and few or no peaks were found in the aromatic region (6.5-9.75ppm).

Conversely, the least polar (F4,5,6) contained a greater number of resonances in the
aliphatic region compared to (F12,14).

'H NMR spectra of the fractions were stacked for the purpose of finding resonances
unique to the bioactive fractions (Figure 3.10 and Figure 3.11). Among the bioactive
fractions from F4,5,6 were F4, F5, F7, F8, F9, F12, F22 while from F12,14; fractions F7,
F8, F9, F17 were found to be bioactive. Fractions that were not bioactive in relation to
oxidation-related AD were not analysed in detail. *H NMR spectra of F8, F9 and F12
from F4,5,6 were relatively similar, but only F9 was analysed further because of its higher
purity. In the same fashion, 'H NMR spectra of F8 and F9 from F12,14 were also
relatively comparable but these two fractions were further analysed separately instead of

being pooled.
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Figure 3.10: Stacked *H-NMR spectra (400 and 500 MHz, CDCls) of fractions obtained
from F4,5,6 by flash chromatography. CDCls solvent peak referenced at 7.25 ppm.
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Figure 3.11: Stacked 'H-NMR spectra (400MHz, CDCIls) of F12,14 after they were
subjected to flash chromatography. CDClIs solvent peaks were resonate at 7.25ppm.

94



3.4.3 H-NMR of fractions obtained from preparative TLC of F4,5,6/F1

'H-NMR spectra of fractions F1 to F6 obtained from preparative TLC of F4,5,6/F1 were
stacked. F4,5,6/F1/F2 and F4,5,6/F1/F3 were eliminated due to their poor yield (Figure
3.12). It has been demonstrated that crowded peaks were found at 0.5 to 2.5 ppm and 3.5
to 5.5 ppm for aliphatic and olefinic structures, respectively. Meanwhile, in the most
downfield region, extremely weak to aromatic peaks were observed. F4,5,6/F1/F1,
F4,5,6/F1/F5, and F4,5,6/F1/F6 were found to be bioactive. F4,5,6/F1/F5 and
F4,5,6/F1/F6 were particularly similar, but in spite of this, solely F4,5,6/F1/F5 was further
analysed due to its higher purity as indicated by TLC as well as its more potent bioactivity

result (section 3.5.3).
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Figure 3.12: Stacked 'H-NMR spectra (400MHz, CDCIs) of fractions obtained from
preparative TLC of F4,5,6/F1.

3.5 Cell viability test

3.5.1 Bioscreening of fractions from the crude organic mesocarp extract

The F. carica endocarp fractions were subjected to a cell viability assay on differentiated
SH-SY5Y cell line. A preliminary cell viability screening was performed using the
AlamarBlue® assay. For this test, SH-SY5Y cell line were chosen and differentiated with
retinoic acid (RA) (Figure 3.13) to mimic human neuron-like cells from the SH-SY5Y
neuroblastoma cell line (Encinas et al., 2002). As shown in Figure 3.13B in comparison

to that in Figure 3.13A, increase in neurites outgrowth and branches were observed as the
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cells were differentiated into dopaminergic neuron-like cells (Lopes et al., 2010), which

were indicated by orange arrows.

Figure 3.13: Photomicrograph of undifferentiated and differentiated SH-SY5Y cell line
at 20X Magnification. A) Undifferentiated SH-SY5Y cell line shows a loosely supported
cell body and a prominent nucleolus, in which neurite length is unchanged without the
addition of 10 uM RA for 2 days incubation. B) Differentiated SH-SY5Y cell line shows
an extensively branching and outgrowth of neurites and ganglions following treatment
with 10 pM RA for 2 days; yellow arrows indicated the neurites connection.

Investigations of neurodegenerative disorders like AD typically rely on the in vitro
differentiated SH-SY5Y cell line. As can be observed in Figure 3.14, at 30 pg/mi
concentration, the cells remained viable against neurodegenerative disorder in the case of
the fractions F2, F3, F4, F5, F6, F10, F12, F14 and F15. On the other hand, at the same
concentration, no activity was exhibited by the remaining fractions F1, F7, F8, F9, F11,
F16 and F17. Results obtained following 24-hour incubation markedly exhibited the
viable effect of fractions of F2 (106.1%), F3 (105.9%), F4 (112.6%), F5 (111.4%), F6
(110.1%), F10 (103.2%), F12 (116.9%), F14 (114.6%) and F15 (106.7%), all of which
exceeded 100% viability. The prism5 software was employed to conduct a statistical
analysis for the summary of mean, standard errors and 95% confidence intervals. The
pooled fractions F4,5,6 for further purification and isolation was supported by the NMR
spectral data, which validated the close similarities of these fractions. Similarly, the NMR
spectral data and cell viability test results for F12 and F14 warranted pooling these two

fractions coded as F12,14.
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Figure 3.14: Preliminary cell viability screening of chromatographic fractions of F.
carica mesocarp (30 pug/ ml) on differentiated SH-SY5Y cells. Viability was displayed
by fractions with values higher than 100% (red), while fractions lacked viability, with
values of equally or less than 100% (blue); the control (100%) is shown in black. Every
group constituted a mean of three SDs, and ANOVA was significant at P < 0.001 and P*
< 0.5 when compared to the control.

3.5.2 Bioscreening of fractions from bioactive eluates F4,5,6 and F12,14

Further cell viability assays on neuro differentiated SH-SY5Y cell line were performed
on chromatographic fractions of F4,5,6 and F12,14 (Figure 3.15A and B). Meanwhile, as
shown in Figure 3.15B, at 30 pg/ml concentration of F7, F8, F9, and F17 obtained from
F12,14 exhibited an increase in in vitro differentiated SH-SY5Y cell viability. F9 stood
out amongst the four fractions, with a marked up-regulation effect that exceeded 10%
compared to the control. Additionally, the sub-fractions of F4,5,6 and F12,14 were further
examined for cell cytotoxicity test and metabolomics profile.
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Figure 3.15: Preliminary cell viability screening of chromatographic fractions (30 pg/
ml) of (A) F4,56 and (B) F12,14 on differentiated SH-SY5Y cells. Viability was
displayed by fractions with values higher than 100% (red), while fractions lacked
viability, with values of equally or less than 100% (blue); the control (100%) is shown in
black. Every group constituted a mean of three SDs, and ANOVA was significant at P*
< 0.01 and P < 0.5 when compared to the control.

Moreover, the subfraction F4,5,6/F1 with 112.5% viability was further fractionated and

subjected to cell viability test as presented below.
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3.5.3 Bioscreening of fractions obtained from preparative TLC of F4,5,6/F1

Six TLC band extracts were generated by the fractionation F4,5,6/F1 (Figure 3.16).
Preparative TLC bands F4,5,6/F1/F1, F4,5,6/F1/F5 and F4,56/F1/F6 exhibited
bioactivity on the differentiated SH-SY5Y neuronal cell line. As a result, fractions
F4,5,6/F1/F5 exhibited the highest viability of 125% and was further examined for cell

cytotoxicity test as well as metabolomics profiling.
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Figure 3.16: Preliminary cell viability screening of fractions obtained from preparative
TLC of F4,5,6/F1 (30 g/ ml) on differentiated SH-SY5Y cells. Viability was displayed
by fractions with values higher than 100% (red), while fractions lacked viability, with
values of equally or less than 100% (blue); the control (100%) is shown in black. Every
group constituted a mean of three SDs, and ANOVA was significant at P < 0.001 when
to compare with the control.

3.6 Cell cytotoxicity test

In the present study, in order to establish the concentration of acrolein that was most
damaging to the cell, varying doses (1-200 uM) were used on the incubation of SH-SY5Y
cells for 24h. An MTT assay was performed to determine cytotoxicity. It was observed
that the marked decline in the MTT activity of acrolein was dosage dependent (Figure
3.17).
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Figure 3.17: Cytotoxic effect of acrolein in in vitro differentiated SH-SY5Y cell line
found at 1Cso value of 20 pM.

Oxidative stress was then triggered for a period of 6 hours through the suppresion of
acrolein in a concentration of 20 uM. Subsequently, the cells were treated with fractions
F12,14/F8 [1], F12,14/F9 [2], F4,5,6/F9 [3] and F4,5,6/F1/F5 [4] over a period of 24
hours at various concentrations of 30, 10, 3, and 1 pg/ml, then at 300, 100, 30, and 10
ng/mL (Figure 3.18).

In certain conditions, the cells did not become more viable when the concentration was
reduced. On the other hand, the concentrations of the fractions that were conducive to
enhance cell viability were at 30, 10, and 3 pg/ml of different fractions. Fractions
F4,5,6/F9 [3] and F4,5,6/F1/F5 [4] exhibited a greater increase in cell viability in
comparison to F12,14/F8 [1] and F12,14/F9 [2]. Furthermore, the generation of oxidative

stress was inhibited at concentrations of 10 pg/ml and 30 pg/ml.

100



A Cell Cytotoxicity Test in persentage vs different . . .
concentrations of fractions against acrolien- B Cell cytotoxicity test in percentage vs fractions
oxidative stress related AD in dose dependant concentration
130

120 _ 1 emm@u== F12,14/F8

— mControl
T T

VISR 110 2 o F12,14/F9
il sl 4 R 4 e
F4.5.6/F9 90 - 4 F4,5,6/F1/F
® F4.5.6/F1/F5 80 .
il T 70 ——
T 60 —4
=SB B ITTTzT]_'T TT IT 50 b Nz ‘I]
SEINE I EIE ] E e - Tt
= = = = = = = = 30 i
= = = = = = = = 20
S HHEINENEINENEIHEIHE 10
= = = = = = = = 0
Q‘,\\\\\/ %@\) o\x’\‘\/ Q;\\\\) o\\’\& &\\\V Qé& S,«é\\/ \\“‘\) & o\é‘\/ o\é& oéx\“\) Q;«\“\/ «\@\/ o\\“‘\/
SRS SRS SN 7@“‘ & SRS S MRS S N S

Figure 3.18: A) Results of the AlamarBlue® test upon treatment of acrolein-induced
oxidative stress associated SH-SY5Y neuroblastoma cells (red) with fractions F12,14/F8
[1] (green), F12,14/F9 [2] (grey), F4,5,6/F9 [3] (orange) and F4,5,6/F1/F5 [4] (blue). (B)
The antioxidant effect of the tested fractions against acrolein on differentiated SH-SY5Y
cell line. One-way ANOVA indicated significance compared to control at p<0.05.
Experiments were performed thrice and data expressed in mean=SD.

F4,5,6/F1/F5 [4] and F4,5,6/F9 [3] successfully suppressed oxidative stress on
differentiated SH-SY5Y cells at 0.6395 + 2.847 pg/ml and 0.8396 + 2.560 pg/ml,
respectively while both F12,14/F8 [1] and F12,14/F9 [2] suppressed oxidative stress at
0.9685+ 2.626 pug/ml and 0.8694+1.602 pug/ml (Table 3.3). The concentration associated
with the highest level of bioactivity and capable of generating an antioxidant effect was
at 10 pg/ml (Figure 3.18A). F12,14/F8; F12,14/F9; F4,5,6/F9; and F4,5,6/F1/F5 were

later elucidated as oleoyl-B-D-arabinoside [1] and [2], y sitosterol [3], and lupeol acetate

[4].
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Table 3.3: Antioxidant activities vs differentiated SH-SY5Y cell line of the identified
fractions of the mesocarp F. carica; values were expressed in triplicate.

Compound [1] [2] [3] [4]
F12,14/F8 F12,14/F9 F4,5,6/F9 F4,5,6/F1/F5

ECso pg/mL 1.6 1.8 1.5 2.8

Acrolein

antioxidant test 0.9685+ 2.626 0.8694+1.602 0.8396 + 2.560 0.6395+ 2.847

ECso pg/mL

uM* was calculated by the equation discovered by Amedeo Avogadro and his number (g = Molar x L x molecular weight) (Kotz et
al., 2014).

3.7 Western blotting test

To explore whether the protective effect of fractions F12,14/F9, F4,5,6/F9, and
F4,5,6/F1/F5 in differentiated SH-SY5Y cells is related with the endogenous antioxidant
Nrf2 pathway, the expression of NQOL1 (the target gene of Nrf2) were further examined.
The results (Figure 3.19) showed that treatment with F12,14/F9, F4,5,6/F9, and
F4,5,6/F1/F5 for 24 hours after pre-exposure to 20 uM acrolein for 6 hours significantly
upregulated the protein expression of NQOL. The Figure in 3.19 manifest that F12,14/F9,
F4,5,6/F9, and F4,5,6/F1/F5 activated the Nrf2-ARE signal pathway by its target gene
NQOL1 and was able to protect neural cells from oxidative stress. However, F4,5,6/F1/F5
(2.8 pg/mL) have expressed more upregulation, than F4,5,6/F9 (1.5 pg/mL) followed by
F12,14/F9 (1.8 pg/mL). The findings demonstrated the potential of the natural products

as promising candidates in attenuating Ap-related cell toxicities.
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The anti-oxidatve effect of differentiated SH-SY5Y cell line
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Figure 3.19: The effect of F12,14/F9, F4,5,6/F9, and F4,5,6/F1/F5 on the level of protein
expressions of NQO1 and B-actin measured by Western blotting using lysates from
differentiated SH-SY5Y cell line. All data were significant (P < 0.05) and were
represented as a mean = SD of three independent experiments.

3.8 Metabolomic-guided screening of F. carica mesocarp

3.8.1 Metabolomic profiling of fractions from the crude organic mesocarp extract

Fractions were subjected to HCA through a PCA model and heat map with the aim of
distinguishing the intrinsic sample clusters. Similarity in secondary metabolite profiles is
the basis on which the unsupervised groupings in HCA were achieved. An assumption of
similarity between fractions is indicated by the small distance between observations
(Figure 3.20).

Seven fractions F1, F2, F3, F11, F12, F14, and F17 were clustered together in the green
group while F15 and F16 were obtained in the blue group. On the other hand, F4, F5, F6
and F7 were classified together as the red group, while F8, F9 and F10 were put together

as the yellow group.

Programme R (version 3.1.0) enabled the generation of a heat map, which was
subsequently compared to the HCA dendrogram. The heat map indicated the chemical

diversity in each individual fraction. The presence or increase in concentration of a
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metabolite was indicated by a blue bar while absence or decrease in concentration of a

metabolite gave a pink bar.

The summary of fitness for the PCA in Figure 3.20 gave R2 and Q2 values of 0.998 and
0.468, respectively. On the basis of these results, the pooling of F12,14 and of F4,5,6 was
further validated due to their comparable bioactivity and NMR spectral data. The scores
and loadings scatter plots of the PCA model revealed the four groups (Figure 3.21). The
blue cluster found on the third quadrant, which were represented by fractions F15 and
F16 with weak or no bioactivity with regard to their neuroprotective effect. The fourth
and first quadrants were occupied by the red and green clusters dominated by ion peaks
at the range of m/z 612.833-818.074 and 151.39-612.833, respectively. Fractions from
the red and green clusters were further investigated due to their relatively good
bioactivity. The separation of the groupings based on the variation of the X variable was
31.9%, where R2X [1] was at 0.319.
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Figure 3.20: PCA-HCA dendrogram and heat map of chromatographic fractions of the
crude ethyl acetate extract of F. carica mesocarp.
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Figure 3.21: A) PCA scores scatter plot of mass spectral data showed mesocarp fractions
groupings based on their similarities in discriminatory metabolites. B) PCA loadings
scatter plot disclosed the m/z values of the grouped metabolites.

To detect the metabolites contributing to the bioactivity, a supervised OPLS-DA model
was used (Figure 3.22A). Loadings scatter plot of OPLS-DA was generated to pinpoint
the discriminatory compounds, which suggested the unique metabolites responsible
towards the bioactivity on neuroblastoma differentiated SH-SY5Y cell line (Figure
3.22B). For the OPLS-DA models, the MS-based metabolomics data set was assigned as
the X independent variable while the fractions neuroprotective response was the Y
dependent variable. Variations between the two groups and within the group were
exhibited at 26.4% (R2X][1]) and 25.6% (R2Xo[2]), which is almost similar because of
the occurrence of two sub-clusters within the defined classes. Ideally, the variation within
the group must be significantly greater than between the group variation. Fitness of the
model was at 0.714 (R2Y(cum) and predictability at 0.531 (Q2(cum)), which were both
relatively good. Moreover, to identify the metabolites with the greatest input to the
segregation of active versus inactive fractions, an S-plot (Figure 3.22) was generated to
target these compounds for isolation work. These target metabolites were considered ideal
according to their significant P value at < 0.05. Moreover, dereplication was
accomplished with DNP 2015 (Table 3.4).
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Figure 3.22: A) Scores scatter plot for the OPLS-DA model of 17 sub-fractions of
bioactive eluates from the mesocarp. Green represents the active fractions and blue
represent the inactive fractions. B) Loadings scatter plot for OPLS-DA model. Target
molecules in m/z encircled in red and blue as distributed in the two active quadrants
respectively. Colours represent molecular ion peak ranges in m/z. C) S-plot indicating
target molecules in m/z.
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Figure 3.23: A) Expansion of S-plot indicating the six discriminatory molecules from the
mesocarp fractions at m/z 583.455; 566.428, 469.206, 307.102, 415.211, 661.446,
1347.88 and 397.383. B) Expansion of S-plot indicating the position of the isolated
compounds from the mesocarp fractions at m/z 468.332, 414.321 and 414.394, which are

on the bioactive side of the S-plot.
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Table 3.4: Dereplication of the discriminatory metabolites from DNP 2015 database from
the active fractions against oxidative stress related AD prevention obtained from the S-
lot in Figure 3.22 and 3.23.

lonization | MS m/z |Rt Molecular Name Source
mode min _|formula
P 469.199 |8.96 |C23H32010 |R)-3-methoxy-4- Pimenta dioica
hydroxylphenol O-(6-O-| (Kikuzaki et al.,
oleuropeoyl)-p-D- 2000)
glucopyranoside (1)
P 415.207 |17.42 |C24H3006  [1,6-bis(4- Myrtus communis
carbethoxyphenoxy)
hexane (2)
P 566.428 |20.52 |C30Hs5Ns0s viscumamide (3) Viscum album
var. coloratum
P 661.463 |33.32 |C39HesOs  [Leontosid A-methylat | L. eversmannii
(4) Bge.
(Mzhel'skaya and
Abubakirov,
1967)
P 1347.88 |35.01 |CgoH118010 |Unknown Unknown
P 397.378 |38.01 |Co9Has stigmasta-3,5-diene (5) | Haloxylon
salicornicum
(Bibi et al., 2010)

P
? /\
HO__~._.0 O 1 o /O)‘\O
\C[ -0 N N N
HO™ OH

OH 1) @
GNH HN
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3.8.2 Metabolomic profiling of fractions from bioactive eluates F4,5,6 and F12,14

Based on their bioactivity against oxidative stress related AD, fractions classified under
group 1 (green) on the PCA and HCA were taken into consideration (Figures 3.24A and
3.25A). The fractions triggering metabolic disruptions on neuroblastoma SH-SY5Y cell
line could be correlated with each other as demonstrated in the PCA scores scatter plot.
The HCA and PCA scores scatter plot reflected the correlation among the different
biological/treatment groups. The R2 and Q2 values at 1.0 and 0.999 for the clustering of
fractions of F4,5,6 confirmed goodness of fit at 100% and goodness of prediction at
99.9%, respectively. For clustering of fractions obtained from F12,14; R2 and Q2 values

were achieved at 0.845 and 0.202, respectively.

An unsupervised technique was employed to present the data in the PCA scores space.
The scores plot could not provide a quantitative representation of the extent of segregation
between the data clusters, but solely a qualitative segregation could be achieved (Werth
et al., 2010). Consequently, despite the fact that the visualisation afforded a qualitative
clustering based on metabolic differences, the PCA score plots failed to answer the
fundamental statistical query pertaining to marked discrepancies between clusters. Hence,
as recommended by Yamamoto et al. (2009), the determinants of clustering variation on
a PCA-scores plot were assessed with the help of an OPLS-DA model (Figures 3.24C and
3.25C). Furthermore, the first and third quadrants (Figure 3.24D) contained a notable
scatter of fractions within the ion peak range of m/z 400 to 500, as indicated by the OPLS-
DA loadings scatter plot. Moreover, the molecular ion peaks m/z were more discerned in
the top active quadrant than the bottom one. Nevertheless, most molecular weights
discerned by the OPLS-DA loadings scatter plot regarding the second fraction of
(F12,F14) were in the ion peak range at m/z ~300-500 (Figure 3.25D).

Nevertheless, an S-plot (Figure 3.24E and F) and (Figure 3.25E and F) and dereplication
(Table 3.5) were performed to identify the metabolites influential for the bioactivity of
the fractions. The S-plot illustrated that M™ 414.381 and 414.298 were the putative
discriminatory compounds for the bioactivities of F4,5,6/F9; F12,14/F8; and F12,14/F9.
Therefore, these target metabolites were further subjected to structure elucidation

presented in section 3.9.

110



A

8e+010 |

7e+010 |

6e+010 |

5e+010 |

4e+010

3e+010 |

2e+010 |

1e+010 |

0

08 |
06 .
04 |
02 ]

0]
02 |
04 |
06 |
08 |

1

2nd fraction (F4,5,6) of mesocarp (PCA-X),

RXL] = 0.0393

.Group 1

Score scatter plot of 2nd fraction (F4,5,6) (PCA-X),
Hierarchical Clustering .22:5; B Coloured according to metabolite similarities
Coloured according to metabolite similarities .Group4
219 g @21F0
P Y 4 1 Ve
— 1 0 Qg @ @22 @i .
73 rs— @
@
78 ok
2/F7
Score scatter plot of F4,5,6 mesocarp (OPLS-DA . .
P o P ) Loading scatter plot of F4,5,6 (OPLS-DA) 150027 - 217184
Coloured according to classes ) . 217.184 - 28434
. Coloured according to values in m/z 28434 - 351407
' Active Inactive Active Ipactive g -ases
216 005 418654 - 48581
1 48581 - 552,967
DIFA
2/F9 @F1$2/F15 552967 - 620124
>A g 0
QUL b Q fF/ngN 620124 - 687.28
ey 2F2 - 687.28 - 754437
P i 005 |
s 2F20 754437 - 821593
2F10
() 6 F @ ',/Fé o1l 821593 - 888.75
0 88875 - 955.907
2FLL Qo ots ] 955.907 - 1023.06
1 ° 1023.06 - 1090.22
» N 109022 - 115738
015 01 005 0 005 o1 | 115738-122453
0991908 * pq1] 122453 - 129169
R2X[1] = 0.2426 R2Xo[1] = 0.147  si\icA 14 - 05/05/2018 144503 (UTC+1)
150027 - 217184 - -
S-glotof F45.6 (OPLS-DA) .217184 o F S-plot of F4,5,6 mesocarp (OPLS-DA)
. . " - " H H M+
Coloured according tovalues in ' Coloured according to the value in
28434 - 351497 °
3514 18654 41439
41865 - 48581 04
48581 - 552967
552967 - 620124 02 |
620124 - 68728
68728 - 754437 0
754437 - 821593
414321 @414331
821593 - 88875 414381 o
88875 - 955907 021 o0
955907 - 102306 @"14B4323
102306 - 109022 04 |
) 109022- 115738
008 0% 004 00 0 0% 004 og | L73-1M43 0003 0002 0001 0 000l 0002 0003 0004
122453 - 129169
il pll]

R2X[1] = 0.0662  sjicA 14 - 05/05/2018 14:22:10 (UTC+1)

Figure 3.24: A) PCA-HCA of fractions of bioactive eluate F4,5,6 via ward linkage. B)
PCA-scores scatter plot of fractions of bioactive eluate F4,5,6. C) OPLS-DA scores
scatter plot of active and inactive fractions. D) OPLS-DA loadings scatter plot showed
ion peaks of target metabolites from active fractionss. E) S-plot generated from the
OPLS-DA model to predict the bioactive metabolites. F) Expansion of the active end of
the S-plot where the interested metabolite ion was detected as M* 414.381.
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Figure 3.25: A) PCA-HCA analysis of chromatographic fractions of bioactive eluate
F12,14. B) PCA scores plot of chromatographic fractions of bioactive eluate F12,14. C)
OPLS-DA scores plots between active and inactive fractions. D) OPLS-DA loadings
scatter plot was detected to show metabolites ion peaks of active metabolomes. R2Y (sum)
=0.984, Q2X =0.498. E) and F) S-plot analysis was performed and M* 414.298 was

indicated as the target metabolite.
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Table 3.5: Dereplication of F4,5,6/F9 and F12,14/F9 from DNP 2015 database.

A) F12,14/F9

lonization MS Rt Molecular Name Source

mode M* min formula

P 414297 22.96 CzHs20s Oleoyl-p-D- Maytenus

arabinoside acanthophylla
Reissek
B) F4,5,6/F9

lonization MS Rt Molecular Name Source

mode M* min formula

P 414381 37.82 CxH40s3  y-Sitosterol Polyalthia debilis
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3.9 Identification and elucidation of the mesocarp pure fractions

3.9.1 y-Sitosterol 1.1

Table 3.6: Physical properties of F4,5,6/F9 of F. carica mesocarp.

y-Sitosterol

Synonym(s): Fucosterol, B-dihydro-campesterol
Source: Mesocarp of F. carica

Metabolite: 2" fraction (Fraction code: F4,5,6/F9)
Sample amount: 2.9 mg

Physical description: White powder

Molecular formula: C29Hs00

Exact Mass: 414.3862 g/mol

Chemical structure

Identification via GC-MS (A,B) analysis spectrum
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y-Sitosterol 1.1 was isolated as a white coloured powder. Subsequently, a GCMS analysis
(Table 3.6A and B) and *H-NMR spectrum were run to gain a better insight of the
chemical profile of the fraction (Figure 3.26) indicating the presence of steroids. The
results obtained from the GCMS indicated a peak eluting at 19.60 minutes, with a
molecular ion peak at m/z 414 [M]*. According to the online NIST library linked to the
GCMS database, the fraction consisted of various steroidal compounds, but y-sitosterol
was likely the most prevalent compound, as indicated by the GCMS spectrum at m/z 414
[M]".

Detailed assignments of *H-NMR and **C-NMR (Figures 3.26 and 3.27) in comparison
to the literature (Balamurugan, Stalin and Ignacimuthu, 2012) are presented in Table 3.7

and fully supported the elucidation of F4,5,6/F9 as y-sitosterol 1.1.
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Figure 3.26: (A) *H-NMR spectrum of y-sitosterol 1.1 dissolved in CDCl3z at 400 MHz.
(B) Expansion of *H NMR spectrum between 0.6 and 6.5 ppm.
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Figure 3.27: *C & Dept NMR spectrum of y-sitosterol 1.1 (500 MHz, CDCls).

HSQC (Figure 3.28) and HMBC spectra (Figure 3.29) were run to confirm the identity of
the major compounds in each of the mixture which was elucidated as y-sitosterol by
observing the specific correlations of signals at positions (C-3), (C-18), (C-19), (C-21),
(C-26), (C-27), (C-29). Eleven methylenes, nine methines, and three quaternary carbons
were observed in the spectrum. The strong methyl signals of HSQC (Figure 3.28) at on,.c
(0.71, 11.86), (1.03, 19.39), (0.93, 18.70), (0.82, 19.04), (0.86, 19.82), and (0.88, 12.00)
were assigned to positions 18, 19, 21, 26, 27, 28, and 29, respectively. Nonetheless, the
downfield chemical shifts at 6 71.80, 121.69 and 140.77 were assigned to the hydroxyl
substituent at C-3 and the double bond between C-5 and C-6, respectively.
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Figure 3.28: HSQC spectra of semi-pure y-sitosterol in CDCls at 500MHz; X-axis
represents H-NMR and Y -axis represents C13 and Dept; blue colour of signals represents
either CH or CHz while the red colour represents CH»; horizontal lines represents the
carbon and vertical lines represent the number of proton.

The HMBC correlations (Figure 3.29 and Figure 3.30) of the side chain confirmed the
position of the hydroxyl group on C-3; H-3 at 63.53 correlated to C-1 at 642.30, C-2 at
631.93 and C-4 at 837.63. Moreover, long-range correlations were observed between
CH3-27 and CH3-29 at 6 0.86 and 0.88, respectively with the methine carbon at 6 45.87
(C-24) and methylene carbon at & 23.04 (C-28) and vice versa. Long-range correlations
were also perceived between H-6 at §5.37 with both methylene carbons at 642.30 (C-4)
and 31.92 (C-7) as well as with a quaternary carbon at & 36.15 (C-10). Cross peaks could
be observed from the quaternary carbon at & 140.77(C-5) with H-2 at 6 1.89, H-4 at 6
2.26, H-7 at 1.90 and H-19 at § 1.03. Correlations were also observed from H-4 and H-7
with the methine carbon at 6 5.37 (C-6). More cross peaks were observed for H-9 at
0.96, H-11 and H-14 both at 1.50, and H-15 at 6 1.09 with the methine carbon at 31.93
(C-8). H-1, H-7, H-14 and H-19 correlations with the methine carbon at 6 50.17 (C-9).
Alternatively, H-2, H-9, H-11 and H-14 correlated with the quaternary carbon at 6 36.15
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(C-10). Likewise, CH-17 at 61.13 and CH3-18 at 50.71 gave long-range correlations with
the methylene carbon at 6 39.82 (C-12), quaternary carbon at 6 42.42 (C-13) and the
methine carbon at 6 56.77 (C-14). Long-range correlations were also observed from 61.13
(H-17), 0.91 (H-21) and 0.96 (H-24) to the methine carbon at 6 35.89 (C-20) and
methylene carbon at & 33.96 (C-22). Further cross peaks were observed from 6 1.13 (H-
23) and 6 1.31 (H-28) to both methine carbons C-24 and C-25 at 6 45.87 and 29.17,
respectively. Moreover, correlations were observed between protons H-25 and H-26 at &
1.70 and 0.82, respectively with methyl carbon at 6 19.82 (C-27), as well as correlations
between CHz-27 and CHz-29 at 6 0.86 and 0.88, respectively with the methylene carbon
at 6 23.04 (C-28). Complete assignments of HMBC correlation data are presented in
Table 3.7 and Figure 3.30.
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Figure 3.30: HMBC correlation of y-sitosterol structure 1.1.
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Table 3.7: Carbon and proton assignments for y-sitosterol 1.1 **C-tH cross-signals in the
HMBC spectra. *C-NMR (100 MHz, CDCls) and *H-NMR (400 MHz) are compared
with the corresponding articles in CDCls.

Atom y-Sitosterol 1.1 Literature (Balamurugan,
No. Stalin and Ignacimuthu,
2012)
Integral, on, Integral, on,
multiplicity, J in Hz multiplicity, J in | éc (100
CDCls dc HMBC Hz (400 MHz) MHz)
1 2H,1.88, m 37619,3 37.3
2 2H, 1.89 31.9|3,4,5,10,19 319
3 1H, 3.54, t, J = 71.8 1H, 3.50, m 71.8
11.13, 4.63
4 2H, 2.26, m 423 13,5,6 42.3
5 140.7 140.7
6 1H,5.37,dt, J = 121.7 | 4,7, 10 1H, 5.35; m 121.7
4.43,1.98
7 2H,1.90, m 31.9/5,6,8,9 31.7
8 31.9 31.7
9 1H, 0.96 50.1 | 8,10,14,19 50.1
10 36.1 36.1
11 2H, 1.50 21.0 | 8,10, 14, 17 21.1
12 2H, 2.04, m 39.8 11,18 39.8
13 42.4 42.3
14 1H, 1.50 56.7 | 8,9, 10, 15, 18 56.7
15 2H, 1.09 24.3 8,14 26.1
16 1H,1.14, m 28.2 28.2
17 1H, 1.13 56.1 | 12, 13, 14, 20, 56.1
22
18 3H,0.71, s 11.8 12,13, 14 3H, 0.68, s 11.8
19 3H, 1.03, s 19.3]5,9 3H, 1.02, s 19.3
20 35.9 36.5
21 3H,0.91,d,J=6.55 | 18.7 | 17, 20, 22 3H,0.92,d,J=6.5 19.0
22 33.9 33.9
23 2H, 1.13 26.1 | 20, 24, 25, 28 26.1
24 1H, 0.96 45.8 | 20, 22 45.8
25 1H, 1.70, m 29.1 | 23, 24, 26, 27, 29.1
28
26 3H,0.82,d,J=6.5 19.0 | 24, 27 3H,0.82,d,J=6.5 18.7
27 3H,0.85,d,J=6.5 19.8 | 24, 28 3H,0.84,d,J=6.5 19.8
28 2H, 1.31 23.0 | 24,25 23.1
29 3H,0.87,t,J=6.5 12.0 | 24, 28 3H,0.85,t,J=7 12.1

Therefore, the structure of 1.1 was identified and elucidated as y-sitosterol 1.1. The
analysis of *H, 3C, COSY, HSQC, and HMBC NMR data, along with a comparison of
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the chemical shift values with relevant published articles (Balamurugan, et al., 2012),

determined the structure of 1.1 as y-sitosterol.

3.9.2 Oleoyl-p-D-arabinoside 1.2

Table 3.8: Physical properties of F12,14/F8 and F12,14/F9 of F. carica mesocarp.
Lupeol acetate

Synonym(s): Oleoyl-p-D-arabinoside

Source: Mesocarp of F. carica

Metabolite: 2" fraction code (F12,14/F8) and (F12,14/F9)
Sample amount: 18 mg and 40 mg

Physical description: light yellow semi-solid

Molecular formula: C23H4206

Exact Mass: 414.2981 g/mol

Chemical structure
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LC-MS analysis
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166-1 m/z 248 m/z

(¢]
55 41-1 m/z 69-1 m/z
MN%%/MO
55-1 m/z

HO

[1.2] fragmentation (a)
How

125-1 m/z 152-1 m/z 182+1 m/z

98-1 209m/z ©

3 138-1n/z _ - HO
83-2miz 112-1h/z 166-1 m/z 194-Tm/z 223 mlz

[1.2] fragmentation (b)

How

The GC/MS chromatogram of mass spectral fragmentation patterns and NIST library
search suggested the identification of a long chain fatty acid between retention time of
15.42 and 15.56 minutes as indicated in Tables 3.8. Fragmentation pathway was
generated as shown in Table 3.9, was comparable to those indicated by GCMS. GCMS
fragmentation (a) indicated the dehydration at fragment ion m/z 166, which corresponded
to the loss of Ci2H23. The loss of Ci11H1906 corresponds to m/z 248 that would further
yield m/z 69 with loss of CsHio. Fragment m/z 55 due to the loss of CsHs, while m/z 41
was due to the fragmentation at the double bond. On the other hand, GCMS fragmentation
(b) has been mainly on the loss of CigHs1 at m/z 223 then with further fragmentation
yielding m/z 209, which corresponds to the loss of CisH29. Further fragmentations were
observed at m/z 194 due to the dehydration of the loss of C14H27 and the loss of C13Hzs at
m/z 182. Subsequent dehydration afforded fragmentation ion peaks at m/z 166, 152, 138,
125, 112, 98 and 83 due to the loss of Ci2H23, C11H21, C1oH19, CoHig, CgH17, C7H1s and
CeHas, respectively. Therefore, this assignment was completely confirmed by NMR, in

which the spectral data were compared with the literature for oleoyl-B-D-arabinoside 1.2.

Oleoyl-B-D-arabinoside 1.2 was obtained as a light yellow semi-solid and its molecular
formula, C23H4206 was determined on the basis of ESI MS at m/z 415.3029 [M-H]". The
'H-NMR spectrum of oleoyl-B-D-arabinoside 1.2 in (Figure 3.31) displayed two methine
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multiplets at 6 5.37 and & 5.39, assigned to vinylic H-9 and H-10 protons, respectively,
and a one-proton doublet at 6 4.28 (J = 6.7 Hz, cis), assigned to H-1'. Three multiplets at
8 3.56, 3.52, and 3.54 were assigned to H-2' as doublet of doublet (J = 5.3 Hz), H-3" as
multiplet, and H-4' as multiplet, as well, and one singlet at  3.96 was assigned to H-5'.
Two-proton multiplet at 6 2.08, & 2.15 and & 2.33 were assigned to H-3, H-8 and
oxygenated methylene at H-2, and other pentet methylene proton signal was observed at
6 1.61 (J =7.1 Hz). The remaining multiplet methylene proton were observed between o
1.32 and & 2.08 and three proton triplet at 6 0.90 (J = 6.6 Hz) was assigned to primary C-
18 methyl protons.

Oleioyl-B-D-arabinoside
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Figure 3.31: Over view of *H-NMR spectrum of oleoyl B-D-arabinoside 1.2 dissolved in
acetone-ds and run at 500 MHz; with an expansion of *H NMR spectrum between 3.5 and
5.4 ppm.

The BC-NMR spectrum of 1.2 have shown markedly similar carbon signals in both
(F12,14/F8) and (F12,14/F9), although (F12,14/F9) has shown less impurity than
(F12,14/F8) in Figure 3.32A. As a result, (F12,14/F9) was conducted for further
elucidation and have found to display carbon signals for ester carbon at 6 172 (C-1) in
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Figure 3.32B, vinylic carbons at 6 129.6 (C-9) and 127.2 (C-10), anomeric carbon at &
104.2 (C-1"), sugar carbons at 6 75.4, 75.4, 73.7 and 67.2 for (C-2"), (C-3"), (C-4") and (C-
5"), respectively. Oxygenated methylene was also observed at 6 33.8 (C-2) and the
remaining methylene carbons in the range between 6 31.8 and 6 22.4 as listed in detail in

Table 3.9, and lastly the primary methyl carbon was assigned at 6 13.5 (C-18).
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Figure 3.32: Jmod-NMR (125 MHz, acetone-ds) of compound 1.2; A) Stacked **C NMR
of both fractions F8 and F9 of F12,14 showed their similarity. B) 3C NMR with carbon
assignments. Acetone-de was observed at 6 29.9. The most crowded signals were
observed in the upfield region, while fewer signals were observed in downfield region;
zoom in of some signals were included at the top; the positive signals correspond to CHy,
while the negative signals correspond to either CH3, CH or quaternary-C.

127



The H-'H COSY spectrum of 1.2 in Figure 3.33A displayed sugar correlations of H-1
with H-2’, H-3” and H-4" and vice versa. In Figure 3.34B displayed the correlations for
the fatty acid moiety such as H-18 with H-17; H-17 with H-16; H-16 with H-15; H-15
with H-14; H-14 with H-13; H-13 with H-12 and H-12 with H-11 and vice versa. Further

correlation between H-3 and H-8 with vinylic H-9 and H-10 were also observed.
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Figure 3.33: *H-'H COSY correlations of oleoyl p-D-arabinoside 1.2. A) Correlation
between protons within arabinoside structure. B) two spin system were detected, as
correlations were observed in the oleic side connected in an orange lines while
monosaccharide of arabinoside were shown correlation presented in blue lines; other
black spots were confirmed as artefacts.
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'H-13C HSQC measurements led to full assignments of the *H and **C NMR chemical
shifts of 1.2 and were measured in acetone-de at 500MHz (Figure 3.34). The downfield
chemical shifts at 6n,c (3.56,75.5), (3.52,73.7), (3.53,71.6), (3.95,67.2) and (4.28,104)
shown in Figure 3.34 were assigned to the mono-saccharide substituent at C-2°, C-3’, C-
4’, C-5’ and the anomeric C-1’signal, respectively. Nonetheless, the strong methylene
signals (Figure 3.34) were observed at onc (2.33,33.8), (2.07,29.1), (1.62,28.8),
(1.28,29.2), (1.32,29.2), (1.36,29.5) and (2.08,27) assigned to positions 23, 2, 3, 4, 5, 6,

7, and 8.
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Figure 3.34: HSQC spectra of oleoyl B-D-arabinoside 1.2 in acetone-de at 500MHz; X-
axis represents H-NMR and Y-axis represents J-mod NMR; blue colour of signals
represent either CH, CH3 while the red colour represents CHy; Cross link of protons
represented as vertical line in green colour with carbon assignments presented
horizontally in green colours. Detailed assignments of signals were fully presented in
Table 3.9.
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The HMBC spectrum is shown in Figure 3.35. The proton of oxygenated methylene at o
2.33 (CH2-2) correlated with C-1 and C-4 at 6 172 and 28.8, respectively. The anomeric
proton of the sugar moiety (H-1") at & 4.28 correlated to the ester carbon (C-1), as well as
the sugar carbons (C-4’) and (C-5") at 8 172, 71.6 and 67.2, respectively. The proton at 6
3.56 of H-2’ in arabinoside correlated to C-4’, while H-3” at 6 3.52 correlated with C-17;
H-4’ at 63.53 with C-5” and H-5’ at 6 3.95 with C-1" and C-4’, as well.

Moreover, the proton attached to the long chain fatty acid of H-3 at 6 2.07 correlated with
the ester carbon of C-1 and methyl carbon of C-5 at & 172 and 29.2, respectively. The
proton at 6 1.62 at H-4 correlated with the oxygenated methylene at 633.8 C-2, 29.2 (C-
6) and the ester carbon of C-1. The vinylic protons H-9 and H-10 correlated with each
other at on,c (5.37, 129.6) and (5.38, 127.2). The protons of H-12 and H-14 as well as H-
13 and H-15 overlapping at & 1.31 also correlated with C-13 and C-15 at § 29.0 and 28.5
as well as 6 28.8 and 26.8 of C-12 and C-14. Finally, the primary (CHz-18) methyl proton
at 6 0.90 correlated with C-16 at 6 31.8 and directly correlated to C-17 at & 22.4. HMBC
correlations with complete assignments are presented below in both Table 3.10 and
Figure 3.36. On the basis of spectroscopic data and the comparison with the related article
(Ahmad et al., 2013), the structure of 1.2 was established as oleoyl B-D-arabinoside.
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with arrows. The carbons were numbered according to IUPAC-IUB. (Detailed
assignment of HMBC correlation is described in Table 3.9).
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Table 3.9: Carbon and proton assignments for oleoyl p-D-arabinoside 1.2 **C-H cross-
signals in the HMBC spectra. 3C-NMR (125 MHz, aceton-ds) and *H-NMR (400 MHz)
are compared with the corresponding articles in CDCla.

Atom Oleoyl-B-D-arabinoside 1.2 Literature (Menezes-de-Oliveira
No. etal., 2011)
Integral, or, oc HMBC Integral, oH, oc (100
multipilicity, J in multipilicity, Jin Hz | MHz)
Hz (400 MH2)

1 172 175.2
2 2H, 2.33, m 338 (4,1 2H, 2.26, m 35.1
3 2H,2.15, m 318 |51 2H,1.27, brs 33.2
4 2H,1.32, m 29512,6 2H,1.27, brs 32.8
5 2H,1.32, m 29.4 2H,1.27, brs 30.9
6 2H,1.32, m 29.2 2H,1.27, brs 30.9
7 2H,1.32, m 29.2 2H, 1.27, brs 30.7
8 2H, 2.08, m 29.1 |10 2H, 2.08, m 30.7
9 1H, 5.37, m 129.6 1H, 5.37, m 131
10 1H,5.39, m 127.2 1H,5.38, m 129.2
11 2H,1.61,p,J=7.1 28919 2.26 (m, 2H) 30.6
12 2H,1.32, m 28814 2H, 1.59, m 30.4
13 2H,1.32, m 28.6 | 15 2H,1.31, m 29.3
14 2H,1.32, m 28512 2H,1.27, brs 28.3
15 2H,1.32, m 26.9 | 13 2H,1.27, brs 26.7
16 2H,1.32, m 31.8 2H, 1.27, brs 26.1
17 2H,1.32, m 22.4 2H,1.27, brs 23.9
18 3H,0.90,t,J=6.6 13.5|16,17 |3H,0.86,t,J=6.0 14.5
1 1H,4.28,d,J=6.7 1042 11,4,5 [1H,443,d,J=75 105
2’ 1H, 3.56,dd, J=5.3 75.4 1H,4.12, m 71.3
3’ 1H, 3.52, m 737|717 1H, 3.89, m 70
4 1H,3.54, m 714 | % 1H,3.74, m 66.4
5 2H, 3.96, s 672 |1, 4 2H, 3.63, brs 64.2

3.9.3 Lupeol acetate 1.3

Table 3.10: Physical properties of F4,5,6/F1/F5 of F. carica mesocarp.
Lupeol acetate

Synonym(s): Lup-20(29)-en-3-ol, acetate, (3)-
Source: Mesocarp of F. carica

Metabolite: 3" fraction F4,5,6/F1/F5

Sample amount: 3.5 mg

Physical description: White powder
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Molecular formula: C3oHs20-

Exact Mass: 468.3967 g/mol

Chemical structure

LC-MS analysis
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The GCMS of Compound 1.3 for lupeol included several ions that shared similarities with
fraction F4,5,6/F1/F3 (Mohanad, Azhar and Imad, 2016). Fragment ion peaks at m/z 189
and 408 (Table 3.10A defined the triterpenes fragmentation for a lupine skeleton with a
methyl acetate group on position 3 (Misra et al., 1993). Compound 1.3 had a GC retention
time (Rt) of 20. 59 minutes. The production of the fragment at m/z 249 required C-8/C-
14 and C-9/C-11 bonds being cleaved concomitantly, after which a hydrogen was
transferred from C-26 to C-11. The stable allylic cation at m/z 218 was the outcome of
the concomitant fission of C-8/C-14 and C-9/C-11 bonds with no transfer of hydrogen.
Moreover, the compound lupeol acetate 1.3 was obtained as a white powder and its
molecular formula Cs2Hs10, determined on the basis of ESI MS at m/z 467.3883 [M-H]
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A number of eight methyl singlets were revealed by the *H-NMR spectrum at §0.76 (CHa-
28), 0.86 (CHs-25), 0.82 (CHs-24), 0.85 (CH3-23), 0.93 (CH3-27), 1.04 (CH3-26), 1.66
(CHs-30), and 2.06 (CHs-2’) for lupeol acetate 1.3 (Figure 3.37). The esterified
oxymethine group peak occurred at & 4.52 for H-3 alongside with two vinylic protons of
the exomethylene group at 6 4.59 dt (J = 2.62, 1.40 Hz) for HA-29 and 6 4.63 d (J = 2.39
Hz) for Hg-29.

It was observed that similarities existed between the Jmod carbon NMR spectrum of the
fraction F4,5,6/F1/F5 and lupeol acetate (Figure 3.38). In addition to ascertaining the
occurrence of a carbon bound to an oxygen in C-3 with a signal at 6 80.95, the Jmod
spectrum also exhibited the anticipated ester carbonyl carbon signals at 6 171.01 as well
as signals for two olefinic carbons of a di-substituted double bond in C-29 at 6 109.36
and in C-20 at 6 150.95. However, it was noted from the GCMS fragment that C-9 had
the same methyl group bound to it as in C-8. Hence, the spectral data of the isolated lupeol

acetate presented in Table 3.11 is consistent with that reported in the literature.
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Figure 3.37: Overview of a selected *H-NMR spectrum of lupeol acetate 1.3 dissolved
in CDCls and run at 400 MHz.
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Figure 3.38: J-mod NMR spectrum of lupeol 1.3 (125 MHz, CDCls) of 3.3. The signals
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signals, while quaternary carbon and CH; are indicated the negative signals.
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Table 3.11: *H-NMR (500 MHz), J-mod-NMR (125 MHz) data of lupeol acetate 1.3 in
CDCl;s correlated with the literature in CDCls.

Atom Lupeol acetate 1.3 Literature (Menezes-de-Oliveira et
No. al., 2011)
Integral, 61, multipilicity, J oc Integral, on, oc (100
in Hz multipilicity, J in Hz MHZz)
(400 MH2z)

1 38.4 38.4
2 28.1 21.7
3 1H,4.52, m 80.9 | 1H,4.47, m 81,0
4 38.6 37.8
5 55.2 55.4
6 18.2 18.2
7 33.3 34.2
8 40.0 40.8
9 50.3 50.3
10 37.1 37.1
11 21.1 20.9
12 26.0 25.1
13 38.2 38.0
14 41.5 42.8
15 27.9 27.4
16 37.1 35.6
17 41.7 43.0
18 475 48.3
19 1H, 2.27, dt, J =13.67, 11.34 46.8 | 1H, 2.37 dt, J =11.0, 5.8 48.0
20 150.9 150.9
21 29.2 29.8
22 39.6 40.0
23 3H, 0.83, s 27.9 | 3H,0.85, s 27.0
24 3H, 0.82, s 155 | 3H,0.84, s 16.1
25 3H, 0.86, s 16.7 | 3H,0.86, s 16.5
26 3H, 1.04, s 16.5| 3H,1.03, s 16.0
27 3H,0.93, s 145 | 3H,0.94, s 14.5
28 3H, 0.76, s 18.0 | 3H, 0.79, s 18.0
29 1HA,4.59, dt, J = 2.62, 1.40, | 109.3 | 1H.,4.57, dt, J = 1.5, 1.5, 109.3

1.40 0.8 1Hy,4.69,d,J=3.0

1Hg, 4.63,d,J=2.39
30 3H, 1.66, s 18.3 | 3H,1.68, s 19.3
1’ 171.0 171.0
2’ 3H, 2.06, s 21.3 | 3H,2.04,s 21.3
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CHAPTER FOUR ENDOCARP RESULTS
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4. lsolation and identification of bioactive metabolites from the endocarp of Ficus
carica and bioactivity on differentiated SH-SY5Y neuoronal cell line

4.1. The isolation of F. carica endocarp

Normal phase chromatography was conducted under gradient conditions using a 24 ¢

silica column (Table 4.1). The chromatographic condition is presented in Table 4.2.

Table 4.1: Step gradient protocol for normal phase chromatography of the F. carica
endocarp crude extract. Mobile phase A:B=Hexane:Ethyl acetate, C:D=
Methanol:Dichloromethane.

Minute solvent %2 solvent  Minute solvent %2" solvent
31.2 AB 0 10 AB 70

27.3 AB 10 10 AB 80

15.8 AB 20 10 AB 90

10 AB 30 10 AB 100

10 AB 40 5 CD 90

10 AB 50 10 CD 80

10 AB 60 25.9 CD 70

Table 4.2: The chromatographic conditions for crude ethyl acetate endocarp extract was
fractionated via REVELERIS® flash chromatography system (Grace Davison Discovery
Sciences, USA).

Endocarp crude fraction 2g
Column REVELERIS® Silica 24g
Mobile phase A: B Hexane: Ethyl acetate
Mobile phase C: D Methanol:Dichloromethane
Flow rate 10 mL/min
Injection type Dry
Step gradient elution 10% decrease of hexane with increasing ethyl acetate to
100%
Equilibration 5 min
ELSD threshold 20 mV
UV threshold 0.05 AU
UV1 wavelengths 254 nm
UV2 wavelengths 280 nm
Air purge time 0.5 min
Collected volume per vial 20 mL
Run length 195.2 min
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4.1.1. Normal phase REVELERIS® flash chromatography from the crude extract

The dried crude F. carica endocarp (2 g) (Figure 4.1) was fractionated through a
REVELERIS flash chromatography system (Grace, Lancashire, UK). The dried crude
extract has a dark brown colour with a nutty sweet taste with a pH value of 4.0 in water
at 22° C. Chromatographic separation was accomplished using a normal phase
chromatography. Fractions were obtained as shown in Figure 4.2. The total dried weight
of the collected fractions obtained from the endocarp was 1.9899 g, resulting to a yield of
99.5%.

Only F14 and F20 were selected for further analysis due to their bioactivity against
oxidative stress related AD (section 4.3) and in accordance to their interesting NMR
spectral data (section 4.2). In terms of their mobile phase elution, F14 and F20 were eluted
with a mixture hexane and ethyl acetate at a ratio of 90:10 highlighted in orange on the
chromatogram and a mixture of methanol and dichloromethane at a ratio of approximately
80:20 highlighted in grey, respectively as shown in Figure 4.2. F14 peaks were detected
under UV and concomitantly with ELSD indicating the presence of compounds bearing
a conjugated double bond system. On the other hand, F20 peaks were only detected with
the ELSD, which indicated aliphatic nature of the compounds in F20. The compounds of

these fractions were elucidated and presented in section 4.7.
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Figure 4.2: Chromatogram obtained in the normal phase separation of the dried crude F.
carica endocarp extract using the REVELERIS® system. Solvent systems: AB = hexane
and ethyl acetate, CD = methanol and dichloromethane. UV1 wavelength is at 254 nm
represented in blue coloured line, UV2 wavelength is at 280 nm represented in bright
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purple coloured line and the green coloured like represented the evaporative light
scattering detection (ELSD). The X-axis represents the collected fractions across the area
of the respective peaks. The highlighted orange and grey represents F14 and F20,
respectively.

4.1.2. Thin-layer chromatography (TLC (Crude extract)

Ninety-two fractions were collected by flash chromatography and were monitored by
TLC for their similarity and purity. Similar fractions were pooled together affording 34
fractions as shown in Figure 4.1. TLC enabled localisation of the separated
chromatographic spots or bands on the plate surface (Sajewicz et al., 2011). Thereafter,
each pooled fraction was dried, weighed and subjected to NMR, LCMS, and biological
assays. Due to their low yield, no further work were done on F3, F9, F11, F12 and F29 as

shown in Figure 4.1.

Fractions were eluted using the appropriate solvent systems to optimise detection of the
various metabolites. The non-polar fractions were eluted with different ratios of hexane
and ethyl acetate (90:10, 80:20, 70:30, 50:50, 30:70, and 10:90) while the polar fractions
were eluted with dichloromethane and methanol at ratios of 90:10, 80:20 and 70:30.
Developed chromatograms are shown in Figure 4.3.

In Figure 4.3, all 34 fractions (F1 to F34) presented a dark zone of spots against the light
green fluorescent background of the TLC plate when exposed to short UV (254 nm),
except for F3 to F6 and F11 to F12, which showed no dark zones due to their low
concentrations. The presence of darks spots indicated fluorescence quenching due to the
occurrence of at least one conjugated double bond as those found in anethole, eugenol,
safrol, cinnamic acid, phenols and so on (Wagner and Bladt, 2009). Likewise, except for
F3, F4, F8-F10, all the fractions exhibited a range of colours including, red, blue, green,
and violet under long UV (365 nm). These colours would normally indicate the presence
of phenols, terpenes, and steroid (Sherma and Fried, 1996; Wagner and Bladt, 2009). F8
to F10 showed yellow colours under long UV, which may be indicative of sugar
constituents (Sherma and Fried, 1996; Wagner and Bladt, 2009).

Moreover, the application of P-anisaldehyde-sulfuric acid spray reagent produced an
intense brown colour, typical to terpenes and steroid constituents (Wagner and Bladt,
2009). This was visualised in most of the fractions, except F14 and F15, which afforded
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pink coloured spots upon spraying, which indicated the presence of a phenolic constituent
such as gallic or vanillic acid (Harborne, 1984). The hexane:ethyl acetate fractions
showed higher resolution and better separation than the dichloromethane:methanol
fractions (Schmid, 2001). Finally, F14 and F20 were chosen for further analysis as they
presented some interesting compounds, which gave Rf values of 0.26 in 50:50
(hexane:ethyl acetate) and 0.5 in 90:10 (dichloromethane:methanol) for F14 and F20,

respectively.
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Figure 4.3: TLC on silica gel 60 F2s4 employing different mixtures of hexane and ethyl
acetate or dichloromethane and methanol as mobile phase. Detection was achieved under
short UV-250 nm spots drawn in a soft black circle, while under long UV365 nm, spots
were drawn in the same colour as the spots were observed. Spots visualised by spraying
with P-anisaldehyde-sulfuric acid were indicated by charred colours. Blue arrows
indicated the two target compounds from the bioactive fractions F14 and F20.
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4.2. Proton NMR (*H-NMR) analysis

The chemical profile of the fractions from F. carica endocarp were further characterised
by *H-NMR. The spectra were processed and stacked together for comparison. Thirty
fractions were run; however, only the ten bioactive fractions were displayed and stacked
together as shown in Figure 4.4. Based on the *H-NMR spectral data, fractions showed
the occurrence of different metabolites such as saponins, glycosides, phenolic
compounds, and particularly steroids, which enriched the upfield region with aliphatic
signals highlighted in yellow. Olefins were depicted between 3.5 and 5.5 ppm region of
the spectra. A few aromatic signals were also observed in the downfield region,
highlighted in grey. CDCls solvent is at 7.25 ppm and is highlighted in green (beneath the
grey band).

Although F14 and F15 were quite similar in their tH-NMR resonances while aromatic
signals were observed in both, F14 was deemed more interesting than F15. F14 spectrum

showed better-resolved signals with less impurity (Figure 4.4).

Endocarp 2
Endocarp 20 |
|
Endocarp g ’
i

Endocarp 16
Endocarp ‘
A ] f - r*\_./‘“\‘ﬂ‘”‘u\.ww J [ | I——
Endocarp m ! " | ‘* ‘ 5

e A A L 1 S
Endocarp 13 ‘ ‘1 i { 4
. i‘ _‘__—A‘,_,_/\NM_/WM\_M,_,M_ ¥7
Endocarp 5 l 3
Endocarp ) ) it

2 ﬂ‘ || 1 2
I Y S ’} | _—
Endocarp 1 \} j"‘ A m il 1

1 \‘ MM Mo ,“J!‘\ X ‘1’1&'\ e bl *w W, | [
85 80 7.5 7.0 65 6.0 55 50 4.5 40 35 3.0 25 2.0 1.5 1.0 05

f1 (ppm)

Figure 4.4: Stacked 'H-NMR spectra of bioactive fractions from F. carica endocarp.
Shown from the bottom to the top are F1, F2, F5, F13, F14, F15, F16, F20, F30 and F32.
Highlighted with the orange grid indicated the resonances for an aliphatic structure found
between >1.0 and 2.5 ppm. The aromatic region is highlighted in grey found between
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6.75 and 7.75 ppm, while olefinic peaks resonated between 3 and 5.5 ppm. CDCl3
appeared at 7.25 ppm, which is highlighted in green.

4.3. Cell viability test

Only twelve fractions were found to be bioactive: F1, F2, F5, F10 to F16, F20, F21, F30
and F32 at 105%, 103%, 102%, 106%, 108%, 112%, 104%, 101%, 112%, 105%, 105%
and 102%, respectively (Figure 4.5). In contrast, the remaining fractions were not
bioactive. At 112% bioactivity, F14 and F20 showed significant highest cell viability.

Using acrolein, a cytotoxicity test was conducted to investigate their oxidative stress

potential.
Cell viability test of of F. carica endocarp fractions in percentage
via in vitro SH-SY5Y cell line
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Figure 4.5: Cell viability test using differentiated SH-SY5Y cells incubated for 72 hours
after 24 hours of RA incubation followed by 24 hours treatment (30 pg/ml) with different
F. carica endocarp fractions at 30 pg/mL. Y-axis represents percentage cell viability and
X-axis represents the respective fraction number. Results are shown as fluorescence
counts using a microplate absorbance/fluorometer plate reader  with
1420 Multilabel counter. Twelve fractions afforded cell viability at above 100% in red
bars. Whereas, seventeen fractions in blue bars have shown viability below 100% of the
control that is in black bar. Each group was done in triplicate in a mean 3 SD; ANOVA
P < 0.05 compared with control.

146



4.4. Cell cytotoxicity test

The AlamarBlue® assay demonstrated that exposure to acrolein decreased the oxidation-
reduction potential in a dose-dependent manner in the differentiated SH-SY5 cell line.
The addition of various concentrations of F14 to the culture significantly increased the
activities by 1.71%, 54.8%, 59%, 63.9%, and 71.7% at 300 ng/ mL, 1 pg/mL, 3 pg/mL,
30 pg/mL and 10 pg/mL, respectively. Meanwhile, no activity was observed with acrolein
doses 100, 30, and 10 ng/mL, (Figure 4.6A). Likewise, adding F20 at concentrations of
30 pg/mL, 10 pg/mL, 1 pg/mL, 3 pg/mL and 300 ng/ mL of to the culture significantly
increased activity by 75%, 66%, 52.9%, 52.5% and 0.87%, respectively. ECso of F14 and
F20 fractions were 3.105 pg/ml and 3.136 ug/ml, respectively. The concentrations
inciting optimum bioactivity were at 30 pg/mL for F14 and 10 pg/mL for F20.

The decreased in cell bioactivity in the 24-hour treatment with F14 and F20 was dose-
dependent (Figure 4.6B). At fraction concentrations of 30, 10, 3 and 1 pg/mL, cell
bioactivity was significantly higher than at 300, 100, 30 and 10 ng/mL. F20 was less
sensitive to the cytotoxic effects of acrolein than F14. The compounds in F14 and F20
were identified as, P-hydroxybenzoic acid, vanillic acid and lawsaritol, respectively.
These compounds were fully elucidated in detail in section 4.7. As a result, compounds
in F14 and F20 possess activity at 3.105 ug/ml, 3.136 pg/ml. Each experiment was
performed in triplicate and the results represent as the mean + SE.
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Figure 4.6: F14 and F20 protected differentiated SH-SY5Y cells against the toxicity of
acrolein. A) AlamarBlue® assay following exposure to 20 uM acrolein and treatment of
differentiated SH-SY5Y cells with F14 and F20. B) Dose-response curves for F14 (blue)
and F20 (red) suppressing acrolein-induced oxidative stress related AD; which were
detected by alamarBlue® fluorescence and plotted in percentage viability after 24 hours
treatment; (each group represents mean 3 SD; ANOVA P < 0.05 compared with control).

Table 4.3: Antioxidant activities of the F14 and F20 from F. carica endocarp vs acrolein
induced oxidative stress in differentiated SH-SYS5Y cell line; values were indicated in
triplicate. F20 represents compound and F14 represents a mixture of two compounds.

F20 F14
Compound Lawsaritol P-hydroxybenzoic acid and
acid vanillic Acid
The activity of 10 pg/mL Not applicable Not applicable
in uM
ECso pg/ml 3.136 3.105
Acrolein antioxidant test Not applicable Not applicable
ECso uM

4.5. Western blotting test

As the NQOL1 transcription factor regulates the expression of numerous ROS and

detoxifying agents as well as antioxidants, treatments with lawsaritol from F20 and a
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combination of P-hydroxybenzoic acid with vanillic acid obtained from F14 were further
examined to assess whether these treatments upregulated the expression levels of NQO1.
To corroborate these data, Western blot analyses were performed on cell lysates derived
from differentiated SH-SY5Y cells stimulated with polyclonal NQO1 antibody and
treated with lawsaritol and a combination of P-hydroxybenzoic acid and vanillic acid.
Western blot analysis (Figure 4.7) showed the protein expression levels of NQO1 (30
kDa) in differentiated SH-SY5Y cells to be significantly upregulated in the in vitro model
with the exposure to 20 uM acrolein compared to the unstimulated control -actin protein
detected at 42 kDa as shown in Figure 4.7. The significant higher level was observed in

the mixture of P-hydroxybenzoic acid and vanillic acid 3.105 pg/ml (P < 0.05).

The anti-oxidative effect of differentiated SH-SY5Y
cell line
< 222'2 T s o w— 001
% ' 2 = == f-actin
D175 | C F20 F14 |
S 15
312
5 1 C control
3 075 - F20 Lawsaritol
o 05 _ F14 P-hydroxy
z Control 3.136 pg/ml lawsaritol ~ 3.105 pg/ml para- benzoic acid and
hydroxy benzoic acid . L
and vanillic acid vanillic acid
Treatments in pM

Figure 4.7: Quantification of the western blot by densitometry. The bars represent the
standard deviation and p < 0.05. Western blotting image of the total NQO1 protein level
(30 kDa) in the presence of acrolein.

4.6. Metabolomic-guided screening of F. carica endocarp

The presentation of the PCA-HCA results in the form of a dendrogram made it possible
to visualise clustering such that relationships of metabolites can be more readily seen
(Figure 4.8). A heat map was generated and compared against the HCA clustering, which
to some extent exhibited similarity with HCA tree scheme. The generation of heat map
allowed visualising the chemical diversity in each individual fraction. In more detail, the
presence of blue bars indicates the increase in concentration of a metabolite while absence
or decrease in concentration of as metabolite gives a pink bar as has been described in

chapter 3.
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Figure 4.8: PCA-HCA dendrogram and heat map of chromatographic fractions of the
crude ethyl acetate extract of F. carica endocarp.

Secondly, the unsupervised PCA was initially performed concomitantly with pareto
scaling to provide the best possible view of the variability in a multivariate data set
(Bratchell, 1989). Analysis of the positive and negative ionisation mode data with the
SIMCA demonstrated a good separation between fractions on the PCA scores plot (Figure
4.9A). To evaluate the PCA model, the values 0.999 (R2) and 0.0925 (Q2) confirmed
goodness of fit at 99.9% and goodness of prediction at 9.25%, respectively. Moreover,
the scores of the scatter plot of PCA analysis showed seven groups were observed in four
marginal outliers, which are presented in red, violet, navy, green, yellow, orange and blue
clusters. They were classified according to their chemical constituent, such as sugars
(yellow cluster), fatty acids and sterols (green clusters) and phenols (violet colour). These
classifications also agreed with the preliminary NMR spectral data described in section
4.2. Additionally, the scatter plot was generated to demonstrate the distance of each
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variable from the origin (scores scatter plot of PCA), while in the loadings scatter plot of
PCA as ion peak m/z (Bakeev, 2010). From correlating the score and loading scatter plot
in Figures 4.9A and B, the violet circles depict the ion peaks m/z between 100 and 300,
while yellow and green circles show the entire molecular ion peak in m/z except where it

diminishes by > 1000 m/z in the yellow circles.

To highlight the discriminatory metabolites between the active and inactive fractions,
feature selections were performed using OPLS-DA. The finding presented by Figure 4.9C
shows clearer separation when supervised OPLS-DA analysis was applied, demonstrating
the variable differences between the active, represented by green spots, and inactive,
represented by blue spots. To evaluate the OPLS-DA model, R2Y(cum), and Q2 (cum),
the fraction of the variation of Y that can be predicted by the model according to cross-
validation, were used. The R2Y(cum) and Q2(cum) are 0.887 and 0.109, respectively.
These results suggest that the model explains 88.7% of the variations of Y, with a
predictive ability (Q2) of 10.9%; the closeness of these values indicates the goodness of
the model. Suspected fatty acids and phenols derivatives were observed in the same upper
guadrant, while the sterols with sugar derivatives were likely to be observed in the same
lower quadrant and were confirmed by their NMR spectral data. The value between group
discrimination were thereafter evaluated and exhibited in the X-axis in R2X[1] yield
14.97% which is significantly greater than the variation within group exhibited in the y-
axis in R2Xo[1] yield 10.60%. Nevertheless, the outlier was not considered for further
analysis because the fraction was biologically inactive. Notably, the most bioactive
fractions F14 and F20 were marked as two black spots on the scores scatter plot.
Additionally, OPLD-SA loadings scatter plot pinpointed the discriminatory target
metabolites while the isolated bioactive metabolites were shown at m/z 168.030 at the

upper left margin and m/z 414.381 at the lower left margin (Figure 4.9D).
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Figure 4.9: (A) Unsupervised PCA scores scatter plot for F. carica endocarp with 29
fractions; orange irregular circle indicates sugar metabolites, irregular green circles
indicate sterol derivatives, violet circle indicates phenol and flavonoid metabolites and
black arrows indicate the metabolite of interest. (B) PCA loadings scatter plot indicated
the corresponding m/z features related to the regular and irregular circles. (C) OPLS-DA
scores scatter plot resulting from the preliminary bioassay screening with active
metabolites labelled in green spots and inactive in blue; green circle is most likely to
represent fatty acids and phenols; orange circle is most likely to represent sterols and
sugars, while, black spots represent the fractions of interest. (D) OPLS-DA loadings
scatter plot indicated the corresponding m/z features with the isolated metabolites at m/z
168.03 and 414.381.

An S-plot was generated to visualise the variables that had significant contribution to the
discrimination between experimental groups (Kang et al., 2012). Amongst this two
metabolites were shown at the active profile, meaning that 168.03 m/z (Figure 4.10B) and

414.381 m/z (Figure 4.10C) biomarkers featured closely to the outlier margin. These
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target metabolites considered difficult due to their low magnitude -0.006 and high

reliability p(corr): qual to 0.45 (p > 0.05), due to these metabolites were semi-pure

fractions. The other metabolites were indicated as listed in Table 4.4 by the exploration

of DNP dereplication.
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Figure 4.10: Putative discriminatory metabolites were selected using an S-plot.

Table 4.4: Discriminatory metabolites deduced from the active fractions obtained from
the S-plot “end point” data shown in Figure 4.12. Dereplication was accomplished from
the DNP 2015 database. (P indicated positive mode, N indicated negative mode).

lonization  MS Rt Chemical Name Source
Mode m/z min  Formula
N 168.030 543  C7H/NOs;  2-amino-3,4- Berberis
dihydroxybenzoic acid (1) koreana leaves
N 411.109 13.19 CzH20s  cis-2-acetoxy-1,4- Millettia
diacetoxymethyl-1,4- brandisiana
dihydroanthraguinone (2)
N 199.098 17.39 CioH140s4  3-(4-methoxyphenoxy)-  Patrinia
1,2-propanediol (3) villosa
P 383.185 22.35 C23H260s  6,7-dibutoxy-5- Athanasia
hydroxyflavone (4) calva
P 453.321 30.62 CzHaOs  Ethylene glycol Cinnamomum
monocholate (5) laubatii
N 371.316 33.30 C22H440s  Docosanoic acid (6) Cardamine
impatiens
P 414.381 38.47 CyHs500 B-stigmasterol (7) Berberis
lycium fruit
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4.7. ldentification and elucidation of bioactive compounds from F. carica endocarp

4.7.1. Lawsaritol 2.1

Table 4.5: F20 of F. carica endocarp. Description of lawsaritol 2.1; chemical structure;
LC-MS analysis, and the identification of GCMS.

lawsaritol 2.1

Synonym(s): Stigmasta-3,5-dien-7-one, stigmast-4-en-3-ol; 24-ethylcholest-4-en-3-ol

Source: Endocarp of F. carica
Metabolite: 1% fraction F20

Sample amount: 45.4 mg

Physical description: White powder
Molecular formula: C29Hs00

Exact Mass: 414.3862 g/mol

Chemical structure

-
21, 2 zl 26
207 Ny N
1 !
12
1w’ \1!/1 g

NIST library linked to GCMS analysis has identified various compounds in F20, which
included 7-dehydrogiosgenin 2.2, cholesta-4,6-dien-3-ol 2.3, stigmasta-3,5-dien-7-one
2.4, 3a, 10, 10, 12b-tetramethyl-3-(6 methylheptan-2-yl)
1,2,3a,4,6,8,9,10,10a,11,12,12a,12b-tetradecahydrobenzo(4,5) cyclohepta (1,2-e)indene
2.5 as shown in Figure 4.11A.

The mass spectral fragmentation pattern afforded the fragment ion peaks at m/z 174, 187
and 269 characteristic of a cholesta-3,5-dien-7-one skeleton. The ion peaks at m/z 174

and 187 can be rationalised by cleavage of the C-ring, while the ion peak at m/z 269 is
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due to loss of the side chain at C-17 (Figure 4.11B), as described earlier in the literature
(Sarwar Alam et al., 1992).

[9) R
A B
c
HO OO
7-Dehydrodiosgenin O
[2.2] Chemical Formula: C;,H,,0%
Exact Mass: 174.10
Group | R
HO °
Cholesta-4,6-dien-3-ol [2.3]
Chemical Formula: C;3H;40%
Exact Mass: 187 -H
(o]
Stigmasta-3,5-dien-7-one [2.4] Group Il R
;; Oe o
3a,10,10,l2b-tetramethy|-3-(6-methy|heptan-2-y|)- Chemical Formula: C19H250‘
1,2,3,3a,4,6,8,9,10,10a,1l,12,12a,12b- Exact Mass: 269.19
tetradecahydrobenzo[4,5]cyclohepta[1,2-e]indene [2.5] Group Il

Figure 4.11: A) Structures of non-polar constituents identified from F. carica endocarp
by GC-MS analysis. B) Characteristic fragmentation of a cholesta-3,5-dien-7-one
skeleton. Groups | and 1l was fragmented through ring C to observe Ci,H140% at m/z
174.10, and C13H160% at m/z 187. Group 111 was fragmented at aliphatic chain to yield
C19H250" at m/z 269.19. The fragmentation pattern is similar to that earlier described in
the literature (Sarwar Alam et al., 1992).

The NIST library hit gave similarity scores of 27.7% for cholesta-4,6-dien-3-ol for the
peak at 18.11 min and 84.5% for stigmasta-3,5-dien-7-one for the peak at 19.42 min in
F20 (Figure 4.12). The mass spectral fragmentation pattern supported the characteristic
fragmentation for cholesta-3,5-dien-7-one skeleton as mentioned above. Further

structural elucidation confirmed the structure to be a derivative of stigmasterol.
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Hit 1 : Stigmasta-3,5-dien-7-one
Hit 1 ; Cholesta-4 6-dien-3-ol, (3f)- C29H480; MF: 784; RMF: 825; Prob 84.5%; CAS: 2034-72-2; Lib: mainlib; ID; 11934,
CETHA40; MF: 713; RMF: 821, Pro 27.7%; CAS: 14214-80-8; Lib: mainkib; 10: 11306, 1o 43
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Figure 4.12: Dereplication of major GCMS. peaks from the NIST library with similarity
scores of 27.7% for cholesta-4,6-dien-3-ol 2.3 and 84.5% for stigmasta-3,5-dien-7-one.

Based on the mass and NMR spectral data for F20, the structure of its metabolite could
be identified as stigmast-4-en-3-ol 2.1, also known as 24-ethylcholest-4-en-3-ol. This
sterol, also named as lawsaritol 2.1 is a B-sitosterol isomer, first reported from the roots
of Lawsonia inermis (Alam et al., 1992), while its characterisation in F. carica endocarp

has not yet been reported.

The fragment ions at m/z 55 and 69 indicated that a hydroxyl group is present at C-3 in
ring A. The structural skeleton and the presence of their functionalities in lawsaritol were
supported by the appearance of additional resonances in the 3C-NMR spectrum that
recorded carbon signals for twenty-nine different carbons. The **C-chemical shift values
and their respective DEPT-135 clearly indicated a steroid skeleton for F20 (Figure 4.13).
It has one primary methyl (C-29 at 6 12.0), three secondary methyls (C-21 at ¢ 18.8, C-
26 at 8 19 and C-27 at § 19.8), two tertiary methyls (C-18 at 6 11.9 and C-19 at 6 19.3),
eleven methylenes, nine methines and three quaternary carbons. **C-NMR assignments
are presented below in Table 4.6. The functionalities present in 2.1 were also supported
by 13C-NMR spectral data with the resonances at § 70.2 for a CHOH at C-3 attached with
a p-oriented OH, & 122.1 and 140 for a tri-substituted C=C bond at C4 and C5.
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Figure 4.13: J-mod-NMR spectrum (125 MHz, CDCIz) of compound 2.1. Positive
signals correspond to CHas, while negative signals correspond to either CHss, CHs or
quaternary-Cs.

'H-NMR spectrum of F20 supported the existence of a mono-substituted double bond in
H-4 at 6 5.35, a doublet, J = 5.33 MHz as well as a terminal isopropyl group in the side
chain at 6 0.83 (3H, a doublet, J = 1.89 MHz, H-26-Me) and at 6 0.86 (3H, mulitiplet, H-
27-Me). Two singlets at 8 0.67 and at 6 1.12 were present, corresponding to H-18 and H-
19 methyl protons, respectively. Two multiplets each integrating for 3H appeared at &
0.91 and 6 0.99 due to H-29 and H-21 methyl protons, respectively. Signals due to protons

attached to carbon-bearing hydroxyl group were observed at 6 3.54 as a multiplet.

However, in H-22 at & 2.32, multiplet (Figure 4.14) was integrated as 4H, due to
overlapping of signals. Another integration of 46H at & 1.26, multiplet were observed due
to proton overlaps and signals resonated in the same upfield region including H-6 for 2H
integral, H-12 for 2H integral, H-17 for 1H integral, H-23 for 2H integral and H-25 for
1H integral. Likewise, an integration of six protons were also resonate at the upfield
region at 8 0.91, hence, were assigned for (H-29, integral of 3H), (H-28, integral of 2H)
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and (H-24, integral of 1H). 'H-NMR spectral data (Figure 4.16 and Table 4.6) was

comparable to that reported in the literature (Manjari et al., 2009).
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Figure 4.14: 'TH-NMR spectrum of F20 elucidated as lawsaritol 2.1 in CDCl3z and run at
400 MHz.

Stereochemistry was assigned B and equatorial based on larger coupling constant of
hydroxyl group attached to proton at C-3, J = 5.33 Hz. The most downfield proton at &
5.35 that showed connectivity to two neighbouring protons in the *tH-*H COSY spectrum
and hence could be assigned to C-3. The two protons H-1 at 6 1.62 and H-2 at 6 1.99
showed further connectivity to H-6 and H-7 as illustrated in a blue connection line in
Figure 4.15. The isopropyl group and the ethane group at the most upfield region have
showed connectivity (yellow lines) to the aliphatic side chain up to H-22 which was
further connected to H-11, H-12, H-17 and H-20. Methyl group in H-21 has showed
connectivity to H-20 and further to H-19 as illustrated in green line. Two methyl groups
on the A-D aliphatic ring and side chains were assigned by employing an HMBC
correlation (Figure 4.19). The positions of double bond and hydroxyl groups were further

confirmed by HMBC correlations, as well.
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Figure 4.15: 2D *H-'H COSY correlations of F20 elucidate as lawsaritol 2.1,

Furthermore, HSQC (Figure 4.18) correlations of F20 confirmed the carbon and proton
assignments such as hydroxyl bearing carbon on position-3 at én,c 3.41, 70.2 and the
double bond substitution on position-4 at dnc 5.38, 122.1. In the upfield region,
secondary methyl group attached on position-25 at on,c 1.28, 29.7; as well as positions
26 and 27 at on,c 0.83, 19.0 and 0.86, 19.8, respectively. In addition, four methyl groups
were observed for positions 18, 19, 21 and 29 at én,c (0.70, 11.9); (1.02, 19.4); (0.94,
18.8); and (0.87, 12), respectively.
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Figure 4.16: HSQC spectrum of F20 elucidated as lawsaritol 2.1 in CDClsz at 500MHz.
Blue colour of signals represent either CH, CHs or quaternary-C while the red colour
represents CHa.

The HMBC correlations (Figure 4.17A and Figure 4.17B) of the side chain also
confirmed the long-range correlation of the hydroxyl group on H-3 at 6 3.41 to the
methylene carbon C-2 at 6 27.25, to C-1 at 6 29.2 and C-10 at 6 38.9. The methyl proton
on H-1 at 6 1.28 correlated back to the hydroxyl group on C-3 at 6 70.2 and further to the
methyl carbon on C-19 at 6 19.39, as well as to C-6 at 6 22.7. H-2 at 6 2.03 also directly
correlated to C-1. The methyl group on H-19 correlated to C-1 and to both the double
bond resonces on C-5 at & 140 and C-9 at 6 50.2.

The HMBC in the B-ring (Figure 4.17) also showed correlation to each other, as the
methylene group in H-7 at 6 1.98 and H-8 at 6 2.02 both correlated to C-6 and to C-9 at
6 22.7 and 50.2, respectively, in addition to the long-range correlation of H-8 at 6 2.02 to
C-1. In the C-ring of the structure (Figure 4.18), H-12 at 6 1.18 correlated to methylene
C-11 at 6 21.1 and further to C-8 at 6 31.9. Likewise, H-14 at & 1.01 correlated to the
methyl group on C-18 at 6 11.9 and to C-9. H-9 also correlated to C-14 at 6 56.8, as well
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asto C-12 at 6 39.8. Moreover, H-17 attached to D-ring at 6 1.12 directly correlated to C-
16 at 6 28.2 and to C-12. Likewise, H-15 at 6 1.09 gave a long-range correlation with C-
17 at 6 56.2.

The side chain of the steroid structure was attached to position-17. The methyl group on
H-21 at 6 0.94, correlated to the methine group on C-17 and to both methylene groups on
C-22 at 6 34.4 and C-23 at 6 26.1. While H-22 at 6 2.36 gave a long correlation to C-28
at 6 23.1 and to the isopropyl group in C-25 at 6 29.6. An HMBC correlation was also
observed from H-23 at 6 1.18 to methine C-24 at & 45.8. Likewise, correlations were
obtained on H-24 at 6 0.95 to C-25 at 6 29.7 and the methyl group C-29 at 6 12,
respectively. In return, methyl group in H-29 at 6 0.87 was correlated back to C-24 and
was directly correlated to C-28 at 6 23.1. The methyl group on H-26 at & 0.83 correlated
to methine C-25 and the methyl group on C-27 at & 19.8. In return, H-27 at & 0.86
correlated to C-26 at 6 19 and to C-28 at & 23.1.

Therefore, the NMR spectral data for F20 was found to be in full agreement with those
reported in literature (Manjari Mishra and Sree, 2009) for lawsaritol 2.1, which was

isolated from the F. carica endocarp as a white powder.
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Figure 4.17: A) H-13C-HMBC spectrum of F20 elucidated as lawsaritol 2.1 in CDCls at
500MHz; X-axis represents H-NMR and Y-axis represents J-mod-NMR; horizontal lines
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correspond to the carbon number in the structural drawing. B) Expansion of ‘H-13C-
HMBC spectrum of F20 in the upfield region.

~ ~, 1 17\
D 15
N /14\15/

[2.1]
Figure 4.18: The 'H-'H COSY correlations of F20 elucidated as lawsaritol 2.1 were
depicted in bold lines and the H-*C HMBC correlations are indicated by each carbon
with arrows. The carbons were numbered according to IUPAC-IUB. (Detailed
assignment of HMBC correlation is presented in Table 4.6). * indicated 4 J coupling “W
coupling”.
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Table 4.6: Compound 2.1; *H-NMR (500 MHz) including integral, coupling constant and
multiplicity, J-mod-NMR (125 MHz), HSQC data and HMBC correlation of lawsaritol
and correlated literature at *tH-NMR, 400MHz in CDClzand *C-NMR (100 MHz).

Atom Literature (Manjari Mishra and
No. (F20) lawsaritol 2.1 Sree, 2009)
Integral, on, Integral, 6r, oc
multiplicity, J in multiplicity, Jin Hz | (100
Hz oc HMBC (400 MHz) MH?z)
1 2H,1.62,t,J= 29.2 | 3,6,19 2H, 1.25, ddd, J = 37.2
8.81 16.11, 9.77,5.37
2 2H,1.99, m 273 |1 2H,1.87, m 31.6
3 1H,5.35,d,J = 70.211,2,10 1H, 5.35,d 71.8
5.33
4 1H, 3.53, m 122.1 1H,3.5 m 121.7
5 140 140.7
6 2H,1.26, m 22.7 19 2H,1.33, m 25.4
7 2H,1.87, m 319 16,9 2H, 1.66, m 31.8
8 1H, 2.02, ddt, J = 31.91,6,9 1H, 1.16, m 30.9
13.67, 5.04
9 80.2 50.1
10 38.9 36.4
11 2H, 1.50, dt, J = 21.1 2H, 2.03, m 21.1
39.19, 9.53
12 2H,1.26, m 39.8 8,11 2H,1.07, m 39.7
13 42.3 42.2
14 2H, 1.02, dt, J = 56.8 | 9, 18 1H, 1.15, m 56.7
14.90, 5.36
15 24.3 | 17 2H,1.09, m 24.2
16 2H,1.87, m 28.2 2H,1.62, m 28.2
17 1H, 1.26, m 56.2 | 12, 16 2H,1.42, m 56.0
18 3H, 0.67, s 119 (12,14 3H, 0.61, s 11.9
19 3H,1.12,s 194 11,59 3H, 1.23, s 19.3
20 1H, 0.96, m 36.2 36.1
21 3H, 0.99, m 18.8 | 17,22,23 | 3H,1.15,d 18.7
22 2H,2.32, m 34.2 | 25,28 2H,1.54, m 33.9
23 2H,1.26, m 26.2 | 24 2H,1.26, m 26.0
24 1H,0.91, m 45.9 | 25, 29 1H,1.19, m 45.9
25 1H,1.26, m 29.7 1H,1.54, m 29.1
26 3H,0.83,d,J=1.89 19 |25 3H,0.83,d,J=6.8 19.0
27 3H, 0.86, m 19.8 | 24,26,28 | 3H,0.85,d,J=6.8 19.8
28 2H,0.91, m 23.1 2H,1.15, m 23.0
29 3H,0.91, m 12 | 24, 28 3H,1.02,t,J=7.32 11.8
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4.7.2. P-hydroxybenzoic acid 2.6 and vanillic acid 2.7

Table 4.7: Semi-pure F14 fraction of F. carica endocarp; P-hydroxybenzoic acid 2.6 and
vanillic acid 2.7; chemical configurations; LCMS detection of 2.7 at Rt run 7.29 min.
P-hydroxybenzoic acid 2.6 Vanillic acid 2.7

Synonym(s): 4-hydroxy-benzoic acid Synonym(s): 3-methoxy-4-
hydroxybenzoic acid

Source: Endocarp of F. carica
Source: Endocarp of F. carica

Metabolite: Fraction F14

Metabolite: Fraction F14

Sample amount: 6 mg

Physical description: White amorphous Sample amount: 6 mg

powder with yellow gum Physical description: White
Molecular formula: C-HeOs amorphous powder with yellow gum

Exact Mass: 138.0317 g/mol Molecular formula: CgHgO4

Exact Mass: 168.0423 g/mol

Chemical structure Chemical structure
HO\7/O U Ib
o}
6/1\2 o \D/ \I/ Sy
I NN
NF |
lH [2.7X]

[2.6]

LC-MS analysis 2.7
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P-hydroxy benzoic acid 2.6 was obtained as white amorphous powder with yellow gum.

TLC spot (see section 4.3) was visualised as blue spot.

The 'H- and 3C-NMR data of 2.6 (Table 4.8) were similar to those of a P-hydroxy
benzoic acid described by Lu et al., (2016). *H-NMR spectrum (Figure 4.19) have shown
one 1,4 tri-substituted aromatic ring with AA’BB’ spin system due to structure symmetry
which consists of two equivalent pairs of proton for both H-2/H-6 and H-3/H-5. H-2/H-6
at 67.98 (2H, dd, J = 8.3 MHz) was more de-shielded due to its ortho position to an
electron withdrawing carboxylic group while H-3/H-5 at 66.96 (2H, d, J = 8.25 MHz)]

was shielded due to its ortho position to the electron donating hydroxyl group.

'H-1H COSY (Figure 4.20) confirmed that H-6 is adjacent to H-5 due to the direct
correlation of their respective resonances at 6 7.98 and 6.96. Additionally, correlating

signals between 6 7.98 and 6.96 revealed that H-3 is adjacent to H-2.
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13C-NMR spectra of 2.6 were distinguished by HSQC (Figure 4.21), which revealed
seven carbons, of which; six signals were assigned to the aromatic moiety. Two sets of
symmetrical carbons were observed at 6132.1 and 132.1 for C-2/ C-6 and C-3/ C-5,
respectively. One hydroxyl bearing carbon for C-4 was observed at & 160.7. One
quaternary carbon for C-1 resonated at 6 121.5 while a carbonyl unit for C-7 was found
at o 173.8.

C-1 was confirmed by HMBC (Figure 4.22) cross peaks from both H-5 at 6 6.96 and H-
3 at d 6.96 to both C-1 at 5 121.8 and C-7 at & 173.8. On the other hand, both H-6 at &
7.98 and H-2 at 6 7.98 correlated with C-4 at 6 160.7 confirming that a hydroxyl group is
attached on C-4 para to the carboxylic group on C-1. Consequently, the structure of 2.6

was determined as P-hydroxy benzoic acid.

Vanillic acid compound 2.7 was obtained as a white amorphous powder and its molecular
formula, CsHgO4 was determined on the basis of ESI MS at m/z 167.0385 [M-H]". TLC
spot (section 4.1.2) was distinguished as pink spot. The *H-NMR spectrum of 2.7 in
CDCls is presented on Table 4.8. The proton spectrum showed one methoxy singlet at &
3.95, assigned to H-22 of the vanillic acid; and one 1,3,4-trisubstituted aromatic ring with
ABX coupling patterns due to three different protons coupling to another at [6Ha 7.70
(integral of 1H, dd, J= 8.3, 1.3 MHz) as ortho to 6Hx and meta to dHp; 6Hp 7.57 (integral
of 1H, d, J = 1.9 MHz) as meta to 6Ha; and 6Hx 6.87 (integral of 1H, d, J = 8.3) which
has a strong upfield chemical shielding effect due to ortho position to hydroxyl group

acting as an electron donating as well as ortho coupling constant to dHa].

In addition to *H-*H COSY (Figure 4.20) which confirmed a direct proton correlation of
H-6 at 6 7.70 adjacent to H-5 at 6 6.87. The degree of unsaturated double bond was
calculated [((2xC+2)- H)/2] = [((2x8+2) — 8)/2], resulting in 5 DOU, which revealed four
unsaturated double bonds to the benzene moiety and one double bond to the carbonyl

moiety.

The *C-NMR spectra of compound 2.7 was also distinguished by HSQC (Figure 4.22)
and HMBC spectrum (Figure 4.23) and was showed in HSQC typical signals of vanillic
acid of carbon signals including a conjugated carbonyl group at & 170.3 in C-7, methoxy
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group in C-8 at § 56.2. In addition to the presence of ABX pattern system in the aromatic
moiety distinguished to Ca-2 at 6 125.1, Cp-6 at & 112.1 and Cx-3 at 6 115.3.

In the HMBC spectrum (Figure 4.22 and Figure 4.23), a conjugated carbonyl group in
OH at 6 7.60 gave a correlation to the carboxylic acid group on C-1 at 6 121.3 and the
methoxy group in C-8 at & 56.1. Likewise, proton H-8 at 6 3.95 afforded a long-range
correlation with C-5 at 8 146.2 and the hydroxyl group at & 150.7 in C-4. Moreover, a
doublet of a doublet proton signal at 6 7.70 on H-2 correlated with carbons C-4 at 6 150.7,
C-6 at 5 112.1, and C-7 at & 170.3. The meta proton doublet at 5 7.57 on H-6 revealed a
long-range correlation with C-2 at 6 125.1, C-4 at 6 150.7, C-5 at 6 146.2 and C-7 at &
170.3. The ortho proton doublet at & 6.87 on H-3 yielded long-range correlation with C-
1 at 6 121.3, C-4 at 6 150.7, and C-15 at 6 146.2. HMBC correlations confirmed the
attachment of one oxygenated methylene, one hydroxyl group and a carboxylic acid at C-

3, C-4 and C-1, respectively, resulting to the elucidation of 2.7 as vanillic acid.
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Figure 4.19: *H-NMR spectrum of F14 consisting of both P-hydroxy benzoic acid 2.6
and vanillic acid 2.7 dissolved in CDClz and run at 500 MHz.
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Figure 4.21: HSQC spectrum of F14 for P-hydroxybenzoic acid 2.6 and vanillic
compound 2.7 in CDCl3 at 500MHz.
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Figure 4.22: -HMBC spectrum of F14 for P-hydroxybenzoic acid 2.6 and vanillic acid
compound 2.7 in CDCl3 at 500MHz
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Figure 4.23: The *H-'H COSY correlations of P-hydroxybenzoic acid 2.6 and vanillic
acid compound 2.7 depicted in vibrant blue lines and the *H-*C HMBC correlations are
indicated to their correlation of carbon as each in arrows.
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Table 4.8: Compounds 2.6; *H-NMR (500 MHz), including integral, coupling constant
and multiplicity, HSQC and HMBC correlation of 2.6 and 2.7 exhibited consistency with
previous studies. *H-NMR was recorded at 400MHz in CDClz and HSQC and HMBC at

500 MHz.
Atom P-hydroxybenzoic Acid 2.6 Literature (Algasoumi et al.,
No. 2014; Lu et al., 2016)
Integral, 6H, Integral, or, oc
multiplicity, Jin Hz | 6c (125 multiplicity, Jin Hz | (125
MHz) | HMBC (500 MHz) MHz)
1 121.3 121.9
2 1H,7.98,d,J=8.26 1321 | 4 1H,7.79,d,J=7.95 132.0
3 1H, 6.86,d, J =8.25 1142 11,7 1H,6.81,d,J=7.95 115.5
4 1H, 10.25, br s 162.0
5 1H, 6.86,d, J =8.25 1142 11,7 1H,6.81,d,J=7.95 115.5
6 1H,7.98,d,J=8.26 132.1 | 4 1H,7.79,d,J=7.95 132.0
7 172.7 178.4
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Table 4.9: Compounds 2.7; *H-NMR (500 MHz), including integral, coupling constant
and multiplicity, HSQC and HMBC correlation of 2.7 exhibited consistency with
revious studies.

Atom Vanillic acid 2.7 Literature (Algasoumi et al.,
No. 2014; Lu et al., 2016)
Integral, 6H, Integral, on, oc
multiplicity, Jin Hz | &c (125 multiplicity, Jin Hz | (125
MHz) | HMBC (500 MHz) MHz)
1 121.3 121.7
2 1H, 7.69, dd, J = 8.31, 1253 14,6,7 |1H,7.52,dd,J=8,2 1235
1.87
3 1H, 6.95,d,J =8.32 1142 11,4,3 |1H,6.85d,J=8 114.9
4 150.7 150.9
5 146.2 147.1
6 1H,7.57,d,J=1.90 1121 16,4,3, |1H,7.47,d,J=2 112.6
7
7 1703 11,8 167.4
8 3H, 3.95, s 56.2 3,4 3H, 3.81,s 55.42
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CHAPTER FIVE EXOCARP RESULTS
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5 Isolation and identification of bioactive metabolites from the exocarp of Ficus
carica and their bioactivity on differentiated SH-SY5Y neuoronal cell line

The focus of this chapter is to characterise the phytochemical composition of the exocarp
obtained from F. carica fruit. By using REVELERIS® flash and thin layer
chromatography, the required purification process was accomplished. In addition, high
resolution LC-MS was employed for metabolomics profiling. Isolated compounds were
identified using NMR and GC-MS for steroidal compounds. Finally, an evaluation of its
biological potential was conducted to establish the impact of oxidative stress triggered by
acrolein on a differentiated SH-SY5Y cell line, with which no previous study has been

described earlier

5.1 Theisolation of F. carica exocarp

The normal phase flash chromatography separation of the crude extract was performed
on a 40g 40 pum silica column with REVELERIS® solid sample loader by gradient
elution as summarised in Table 5.1. A total of 21 fractions was obtained from this
process (Figure 5.1); from which F2, F3, F4, F15, F18, and F19 were subjected to
additional flash chromatographic sub-fractionation due to their bio-activity effect,
interesting NMR spectral data and metabolomics profile, affording a total of 51 sub-
fractions (Figure 5.1). The sub-fractions were then further purified on REVELERIS®
silica by gradient elution as summarised in Table 5.1.
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Table 5.1: Chromatographic conditions employed for the purification of the crude and
sub-fractions of the exocarp, via the REVELERIS® flash chromatography system (Grace
Davison Discovery Sciences, USA). EtOAc, MeOH and DCM represent ethyl acetate,
methanol and dichloromethane, respectively.

Sub-fraction

Description | Crude | F2 F3 F4 F15 F18 F19
Silica column 40 4 12 12 4 4 4
size (gram)

Flow rate 40 12 10 10 10 10 10
mL/min

Duration min 112.6 37.9 86.7 67 10.8 41.1 15
ESLD 20 20 20 20 20 20 20
threshold (mV)

uvi 254 254 254 254 254 254 254
wavelength

(nm)

uv2 280 280 280 280 280 280 280
wavelength

(nm)

Sample Dry Dry Dry Dry Dry Dry Dry
loading

Solvent A Hexane | Hexane | Hexane | Hexane | Hexane | Hexane | Hexane
Solvent B EtoAc | EtoAc | EtoAc EtoAc EtoAc | EtoAc | EotAc
Solvent C MeOH - - - MeOH - MeOH
Solvent D DCM - - - DCM - DCM
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Figure 5.1: The fractionation scheme for the crude F. carica exocarp (1.74 g) extractl affording 21 fractions (green box). Further fractionation
of the bioactive fractions F2, F3, F4, F15, F18 and F19 yielded an additional of 51 sub-fractions. Fractions in blue coloured boxes were
excluded from further work due to their low yield, while the rest of the fractions in red boxes were subjected for further bioassays and

elucidation work.
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5.1.1 Normal phase REVELERIS® flash chromatography from crude extract

Normal phase REVELERIS® flash chromatography was employed in order to attain an
adequate separation of polar compounds, such as polyphenols with which chlorophyll and
tannins were largely associated along with short-chained fatty acids (Lawton et al., 1999;
Yu et al., 2013; Yvon et al., 2013). The chromatographic separation of F. carica exocarp
crude extract afforded 21 fractions (Figure 5.1) by gradient elution commencing with 100%
hexane to 100% ethyl acetate in 97.1 minutes followed by 100% dichloromethane to 70%
dichloromethane and 30% methanol in 15.5 minutes. The combination of ELSD and UV
detectors at 254nm and 280nm revealed the richness of chromatographic responses exhibited
by the crude extract. This indicated that the presence of compounds reactive to ELSD, such
as terpenes and unsaturated fatty acids (Kirke et al., 2017). F1 to F18 were eluted by the
mobile phase of hexane and ethyl acetate, while F19 to F21 were eluted by dichloromethane
and methanol. Even though fractions of F19 to F21 were UV active, they were not considered
for further analysis due to their weak bioactivity (see section 5.2.1) as well as their
uninteresting *H-NMR spectral data (see section 5.1.4). Bioactive fractions F2, F3, F4 and
F18 were further subjected to sub fractionation as shown below in section 5.1.2.
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Figure 5.2: Normal phase REVELERIS® flash chromatogram of the crude exocarp extract.
The pink, blue, and green lines represented the chromatogram detected by UV1 at 254nm,
UV?2 at 280nm, and ELSD, respectively. AB indicated the hexane and ethyl acetate mobile
phase solvent ratio and CD indicated the dichloromethane and methanol used for gradient
elution. The fractions of interest, F2, F3, F4, and F18, which were subjected for further
purification work, were highlighted in orange, purple, light blue and red bars, respectively.

5.1.2 Normal phase REVELERIS® flash chromatography for purification

According to their bioactivity (see section 5.2) and high yield, F2 (687.9 mg), F3 (196.1
mg), F4 (196.1 mg) and F18 (150.5 mg) were selected from the 21 fractions, for further
purification work by normal phase flash chromatography to eliminate simple sugars,
chlorophyll and tannins (Kirke et al., 2017). In the case of F3 (Figure 5.3B), F4 (Figure
5.3C), F15, F18 and F19 (Figure 5.4A, 5.4B and 5.4C), a flow rate of 10 mL/min was used,
while for of F2 as shown in Figure 5.3A, it was slightly higher at 12 mL/min. The flow rate

was optimised to prevent peak broadening resulting to sharp symmetrical peaks.

UV (254 nm and 280 nm) and ELSD permitted the detection of the elution of the fractions
yielding well-resolved sharp peaks between 2-12 min as illustrated in Figures 5.3 and 5.4,
while peaks were more crowded between 18 and 34 minutes. F2, F3, F4, and F15 were
chromatographed by gradient elution using, while F18 and F19 were eluted with
dichloromethane and methanol. Optimisation of the solvent system used for MPLC and flash

chromatography was optimised by TLC.

A total of 51 sub-fractions was obtained during chromatographic purification of the selected
fractions. Based on their TLC traces, (section 5.1.3), 'H-NMR (section 5.1.4) and mass

spectral data (section 5.3.1), as well as bioactivity (section 5.2), particularly notable were
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F2.6 (4.9 mg) derived from F2, F3.8 (63.7 mg) from F3, F4.9 (44 mg) from F4, F15.4 (4.5
mg) from F15, F18.6 (11.8 mg) from F18 and F19.3 ( 4.4 mg) from F19, which were
highlighted in light blue, purple, orange, red, yellow and brown bars, respectively. However,
F15.4 and F19.3 were discontinued for elucidation work (section 5.4) as well as cytotoxicity
(section 5.2.2) and western blotting tests (see section 5.2.3) due to their low yields.
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Figure 5.3: Normal phase REVELERIS® flash chromatograms of fractions F2 (A) F3 (B)
and F4 (C) employing the ELSD detector as shown by the green peaks. AB indicated
gradient elution with hexane and ethyl acetate ratio. The semi-purified sub-fractions of
interest, F2.6, F3.8 and F4.9 were highlighted with light blue, purple and orange bars,
respectively.
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Figure 5.4: Normal phase REVELERIS® flash chromatograms of fractions F15 (A) F18 (B)
and F19 (C) employing the ELSD detector as shown by the green peaks. AB indicated the
step gradient elution with hexane and ethyl acetate and CD indicated isocratic elution by
dichloromethane and methanol. The semi-purified sub-fractions of interest, F15.4, F18.6 and
F19.3 were highlighted with red, yellow and brown bars, respectively.
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5.1.3 TLC screening

The same TLC technique described in the methodology section was adopted in order to
ensure the optimisation of the conditions for chromatographic conditions. Additional
analysis was conducted on sub-fractions from F2, F3, F4, F15, F18 and F19 due to their

positive preliminary biological screening results (see section 5.2.1).

i
I
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Ethylacetate:Hexane (70:30) Ethylacetate:Hexane (30:70% DCWM=OH (80 2,(])

Figure 5.5: TLC screening of 21 fractions obtained from the crude exocarp extract. Coloured
circles, squares and rectangles were allocated to those spots visualised under UV at 365nm.
Colours used represent the same colour visualised by 365 nm. Spots detected under 254nm
were drawn with a black contour line. P-anisaldehyde/sulfuric acid spray reagent was also
used to visualise other secondary metabolites.

As shown in Figure 5.6 Rf values were determined for F2.6, F3.8, F4.9, F15.4, F18.6, and
F19.3, as 0.8 (F2.6 and F19.3), 0.4 (F3.8, F4.9 and F15.4) and 0.6 (F18.6) for the purified

and semi-purified fractions of interest. These selected bioactive fractions were subjected to

further isolation work.
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Figure 5.6: TLC plates showing the elution of A) F2.6, B) F3.8, and D) F15.4 in 90:10 v/v
of ethyl acetate and hexane, represented as semi-brown to brown spots, with the elution of
C) F4.9 in a 70:20 v/v ratio of hexane and ethyl acetate, represented as reddish-brown spot,
together with E) F18.6 and F) F19.3 in a 70:20 v/v ratio and in a 90:10 v/v ratio of
dichloromethane and methanol, respectively after spraying with P-anisaldehyde-H2SO4

reagent, respectively.

5.1.4 'H-NMR spectra of exocarp fractions

During components visualisation on TLC, spots may overlap because their Rf values of
phytosterols are not significantly different (Azadmard-Damirchi, 2010). A preliminary *H-
NMR experiment was accomplished on the bioactive fractions and sub-fractions of the F.
carica exocarp (section 5.2) to monitor their purity. The stacked spectra of the bioactive sub-
fractions of F. carica exocarp extract are shown in Figure 5.7. The presence of aliphatic
structures resonating as complex signals in the region between o6 0.5 and 2.5 ppm was
observed. Deshielded aliphatic groups were caused by the presence of olefinic signals
occurring at 6 3.0 to 5.5, as electronegative atoms such as O, N, C=C, and C=0 could be
directly attached to the alkyl group (CH). As a result, the electron density surrounding the
protons decreased concurrently with the diminishing shielding effect (Watson, Edrada-Ebel
and Patel, 2017). It could be thus be deduced that F. carica was rich in phytosterols
compounds and their esters as indicated by the peaks in the F. carica exocarp spectrum.
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F2.6, F3.8 and F4.9 were predicted to contain phytosterols, whilst F18.6 exemplified the

presence of a long-chain fatty acid that was also detected in the mesocarp fraction 1.2.
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Figure 5.7: Stacked H-NMR (400 MHz, CDCls) spectra of bioactive sub-fractions. F2.6,
F3.8 and F4.9 presented features of phytosterol derivatives whereas F18.6 displayed features

of fatty acid derivatives-extracted from F. carica exocarp.
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5.2 Biological assay

5.2.1 Cell viability test

F. carica exocarp fractions were subjected to preliminary cell viability screening. The
AlamarBlue® assay was employed in order to assess the fractions in relation to an in vitro
differentiated SH-SY5Y cell line (Figure 5.8). The extracts were classified as being active
when cell viability exceeded 100%. Ten fractions, namely F1 (108%), F2 (114%), F3
(111%), F4 (114%), F6 (104%), F7 (105%), F8 (110%), F15 (105%), F18 (113%) and F19
(111%) (Figure 5.8) were found active. Among the bioactive fractions, those with the highest
viability were F2, F3, F4, F8, F18 and F19. Therefore, these fractions were subjected for
further fractionations as mentioned above in section 5.1.2 and cell viability screening as
shown below in Figure 5.9 except for F8 due to its small yield (10 mg). The bioassay was

conducted thrice and they exhibited significance at p < 0.05.

Cell viability test of F. carica exocarp fractions in percentage via in
vitro differentiated SH-SY5Y cell line
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Figure 5.8: Preliminary cell viability screening of the fractions of F. carica exocarp in
differentiated SH-SY5Y cells. Viability was displayed by 10 fractions with values higher
than 100% (red), while 10 fractions lacked viability, with values of equally or less than 100%
(blue); the control (100%) is shown in black. Every group constituted a mean of 3 SDs, and
ANOVA was significant (P < 0.05) by comparison to the control.
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Significant cell viability was exhibited by 19 sub-fractions, namely F2.4 to F2.8, F3.4 to
F3.6, F3.8, F3.9, F4.4, F4.6 F4.8 to F4.11, F18.6, F18.9, and F19.3 (Figure 5.9). Among the
bioactive fractions, those with the highest viability were F2.6 (158%), F4.9 (134%), F3.8
(133%) and F18.6 (131%) were subjected to further examination for their cytotoxicity
(Figure 5.10). In general, cell viability screening was obtained in order to predict the

potential for their bioactivity effect against oxidative-related AD.

Cell viability test of F. carica exocarp sub-fractions in percentage via
in vitro differentiated SH-SY5Y cell line

170 158%
T

F2.10
F15.4
F18.4
F18.5

Figure 5.9: Preliminary cell viability screening of the sub-fractions of F. carica exocarp in
differentiated SH-SY5Y cells. Viability was displayed by 19 fractions with values greater
than 100% (red), while seven fractions lacked viability, with values of less than 100% (blue);
the control (100%) is shown in black. Every group constituted a mean of 3 SDs, and ANOVA
was significant at P < 0.05 by comparison to the control. Highlighted in yellow are the most
bioactive fractions.

5.2.2 Cell cytotoxicity test

The oxidation-reduction potential of the isolated compounds was evaluated by means of an
AlamarBlue® in vitro differentiated SH-SY5Y cell line. This reduction test is helpful in
investigating proliferation and cytotoxicity in a culture of actively growing cells (Imamura
et al., 2006). Cytotoxicity test was performed, by inducing oxidative stress using acrolein on
a differentiated SH-SY5Y cell line (Figure 5.10). A compound decreasing cell viability to
less than 50% was considered cytotoxic. For compounds that displayed 50% of the

maximum response.
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Figure 5.10: The cytotoxicity of bioactive fractions. (A) Acrolein cytotoxicity on cell
viability; (B) ECs calculation for F2.6, F3.8, F4.9 and F18.6, based on the dose-response
curve. The AlamarBlue® assay was used to analyse the cell viability, with the significance
of confidence intervals at 95%, and values representing the means of n =3 + SEM.

The test results revealed that the bioactive fractions isolated from F. carica exocarp
displayed a protective effect against the cytotoxicity associated with oxidative stress
triggered by acrolein. By comparison to the bioactive metabolites described in Table 5.2,
F18.6 had an ECso of 10.84 + 15.35 pg/ml, and was protected against the cytotoxicity caused
by acrolein-related oxidative stress in a differentiated SH-SY5Y cell line.

Protective effects against the cytotoxicity caused by oxidative stress triggered by acrolein
were exhibited by F3.8, F4.9 and F18.6. As discussed in detail in section 5.4.1, F2.6
contained both B-amyrin acetate and lupeol acetate at a ratio of 3:1, while F3.8 and F4.9
were identified to constitute higher purities of lupeol acetate and campesterol, respectively.
F4.9 displayed the strongest effect against cytotoxicity in a differentiated SH-SY5Y cell line
(ECso = 1.46 +4.58 pg/ml), followed by F3.8 (ECso = 1.3 £ 3.15 pg/ml), and F2.6 (ECso =
1.42 £ 1.78 pg/ml). Western blotting test was carried out to expand the findings of the effects
of the bioactive fractions against the cytotoxicity associated with acrolein-triggered
oxidative stress on a differentiated SH-SY5Y cell line, and to investigate the mechanisms

underpinning these effects.
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Table 5.2: The capability of F. carica exocarp metabolites to protect against oxidative stress
caused by acrolein in a differentiated SH-SY5Y cell line. The values were verified thrice.

Fraction sample F2.6 F3.8 F4.9 F18.6

Compound B-amyrin acetate lupeol acetate campesterol Long chain
and lupeol acetate Fatty acid

ECso pg/mL 1.951 1.478 2.493 6.578

Acrolein 142 +1.78 1.3+3.15 1.46+4.58 6.54 + 15.35

antioxidant test

ECso pg/mL

5.2.3 Western blotting test

Oxidative stress related AD prevention is mediated by the Nrf2 proteins such as the uP-
regulation of NQOL. To investigate the effects of F2.6, F3.8, and F4.9 on the antioxidant
proteins NQOL after exposure to acrolein, in-vitro differentiated SH-SY5Y cells were
subjected to 20 uM of acrolein for 6 hours then incubated with the test fractions at
concentrations of 1.59 uM, 3.15 pM and 6.22 puM, respectively for 24 hours (Figure 5.11).
After incubation, levels of NQO1 were examined by western blotting as described in the

methodology section.

At a concentration of 1.951 pg/ml of F2.6 (B-amyrin acetate and lupeol acetate), there was a
significant increase in NQOL protein level about 0.36 of the control level. Moreover, lupeol
acetate in 1.478 pg/ml showed higher activity than campesterol in 2.493 ug/ml for 24 hours,
whereas the mixture of B-amyrin acetate and lupeol acetate fraction was the most effective.
B-actin protein level was detected as total protein. The effect of 24 hours treatments with
F2.6 (B-amyrin acetate and lupeol acetate), F3.8 (lupeol acetate) and F4.9 (campesterol) after
exposure to acrolein on the level of NQOL1 protein at concentrations of 1.951 pg/ml, 1.478

pug/ml and 2.493 pg/ml, respectively are shown in Figure 5.11.
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Figure 5.11: Effect of F2.6, F3.8, and F4.9 on differentiated SH-SY5Y cell line in the level
of NQOL1 protein in the presence of acrolein after 24 hours prior to 6 hours incubation with
20 uM acrolein. The control was an untreated differentiated SH-SY5Y cell. Cell lysates were
then carried out to western blot analysis with antibody against NQO1. Protein levels were
normalised to total protein level of B-actin and expressed relative to the corresponding value
of the control. Results were plotted as mean+SD from three experiments and P value showed
significance as P < 0.05 vs control in one-way ANOVA test.

5.3 Metabolomic-guided screening of F. carica exocarp

5.3.1 First fractionation of F. carica exocarp

In this study, the HCA plot revealed four groups of linkage represented in green (F19 to F21)
as group 1, blue (F7) as group 2, red (F12 to F15) as group 3 and the remaining fractions in
yellow as group 4. The statistical heatmap data indicated the respective metabolite
compositions in terms of their molecular weight (Figure 5.12). More specifically, the clusters
exhibiting a greater number of blue lines in the heatmap exhibited the larger density of
diverse metabolites, whereas the clusters exhibiting a greater number of pink lines exhibited
lesser density of metabolites. However, due to the low yield of F10 (2 mg), F10 was

discarded for further analysis and metabolomics screening.
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Figure 5.12: HCA dendrogram determined by Ward’s linkage technique, showing the
suggested four group of clusters, based on their metabolite similarities. HCA dendogram
were correlated through the linkage of a statistical heatmap.

Moreover, a PCA scores scatter plot was initiated. As shown in Figure 5.13A, PCA afforded
four clusters, encircled in red, yellow, blue, and green indicating a shared set of metabolites.
The PCA scores plot showed the positioning of the observations in four groups for the 20
fractions (Figure 5.13A). F7 was observed as an outlier, which indicated that F7 is
fundamentally different from the other groups in terms of its chemical diversity as also
shown on the heat map (Figure 5.12). A PCA loadings scatter plot was also generated (Figure
5.13B), in order to extract information on the discriminatory metabolites responsible for the
clustering, which were displayed in m/z. As can be seen in Figure 5.13B the loadings scatter
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plot followed the same positioning of the observations from the scores plot. F7 yielded an

intense molecular ion peak at m/z 812.617 not found in the other clusters.

An OPLS-DA scores scatter plot was generated to differentiate the type of metabolites
between active and inactive fractions of F. carica exocarp on oxidative stress related AD.
The active fractions versus the inactive fractions were grouped together in the score scatter
plot of the OPLS-DA (Figure 5.13C). The results of the analysis led to the prediction of
compounds that contribute towards the AD prevention activity of the fractions. As shown in
Figure 5.13C in the OPLS-DA models, the mass spectral data set was assigned as the X
independent variable while the AD prevention response was the Y dependent variable. To
validate the model of OPLS-DA, a validation test was performed. The model’s R2 (goodness
of fit) was 0.803 and Q2 (prediction ability of the model) was 0.553. This indicated a well-
fitted model exhibiting good prediction. Under the active group, fractions F19 (group 1),
F15 (group 3), and F2 to F4 and F18 (group 4) clustered together in the upper left quadrant
indicating a shared set of metabolites. These fractions were subjected to further isolation
work because of their more potent bioactivity on the cell viability test (see section 5.2.1). F7
(group2) and F8 (group4) found in the bottom left of the active quadrant were neglected due
to their weaker bioactivity on the cell viability test as well as their lower yields. An OPLS-
DA loadings scatter plot (Figure 5.13D) was also generated to correlate of the distribution

of the type of metabolites between the active and inactive group.
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Figure 5.13: A) PCA scores scatter plot of mass spectral data shows the exocarp fractions
grouped based on similarity of their metabolites. B) PCA loadings scatter plot of shows the
m/z values of the grouped metabolites encircled in blue, red, yellow, and green. C) OPLS-
DA scores scatter plot shows the active fractions denoted in green versus inactive fractions
denoted in blue against oxidative stress related AD prevention. D) OPLS-DA loadings
scatter plot shows the distribution of metabolites in m/z between active versus inactive
groups.

The generated S-plot (Figure 5.14) determined the “end point” compounds, indicating the
unique metabolites that are potentially responsible for the bioactivity against oxidative stress
related AD prevention and discriminate the active from the inactive fractions of F. carica
exocarp. Seven metabolites were identified by dereplication from the database DNP-2015
as shown in Table 5.2. The end point compounds have been targeted for further isolation
work and metabolomic-guided screening as described below with 1 active compound found
to be highly concentrated in Group 3 (F15) and the remaining four active compounds
determined in Group 4 (F2 to F4, F18 and F19).
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Figure 1.14: S-plot generated from the OPLS-DA model shows the end point compounds
of F. carica exocarp fractions that are the predicted metabolites responsible for the
bioactivity encircled in red. Identity of the metabolites listed in Table 5.2.

Table 5.2: Dereplication list of unique metabolites from the active fractions of F. carica
exocarp against oxidative stress related AD prevention identified from the DNP 2015
database. (P indicated positive mode and N indicated negative mode).

lonization MS Rt Chemical Name Source
Mode m/z min Formula
P 179.070 10.38 CioH1003 2-methyl-2,3-dihydro-1- Amomum
benzofuran-7-carboxylic acid (1) tsao-ko
P 225112 11.64 Ci2H1604 4-(3,4- Zingiber

dimethoxyphenyldimethoxyphen cassumunar
yl)-3-butene-1,2-diol (2)

P 401.304 20.62 C26H4003 5,8-epidioxyepidioxy-24- Xylocarpus
norcholesta-6,22-dien-3-ol (3)  moluccensis
P 469.331 22.54 C3oH4404 rubonic acid (4) Rubus
moluccanus
P 401.542 2256 Cy7Ha402 cholestacholesta-5,22-diene-3,7- Cliona
diol (5) copiosa
P 827.549 29.19 C4sH78013 3,4,5,6- spinach

tetrahydroxytetrahydropyran-17-
methyl-10,13-dimethyl-6-
methylheptanyl-tetradecahydro-
cyclopentaphenanthrenyloxy-
3,6,9,12,15-
pentaoxaheptadecanoate (6)

N 469.390 37.17 CazoH460s 25-hydroxy-3-oxoolean-12-en- Kokoona
28-oic acid (7) ochracea
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5.3.2 Sub-fractions of F. carica exocarp

Metabolomic-guided screening was also used to analyse the similarity of the data sets
between exocarp sub-fractions obtained from the purification work on fractions procured
from the first chromatographic separation step. The HCA plot revealed five clusters while
the statistical heatmap data indicated the respective metabolites in terms of their molecular
weight (Figure 5.15). More specifically, the clusters exhibiting a greater number of blue lines
in the heatmap exhibited a decrease of the presence of the respective metabolites, whereas
the clusters exhibiting a greater number of pink lines exhibited an increase of the presence

of the respective metabolites.

The respective fractions F4.10 and F18.6 found in group 1 (green colour) and group 2 (navy
blue colour) likely exhibited the most diverse composition of metabolites. F19.3, F18.5 and
F18.9 in group 5 (light blue colour) consisted of a higher density of low molecular weight

compounds.
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Figure 5.15: HCA dendrogram determined by Ward’s linkage, showing the suggested five
clusters, based on metabolite similarities.

PCA was employed to extract compound signals from background noise and to provide an
orthogonal linear transformation of possibly correlated variables into a smaller number of
uncorrelated variables (Hou et al., 2012; Madala et al., 2014). As shown in Figure 5.16A,
the same clusters were identified when the score plots of PCA were applied to the HCA
profiles. As indicated by Madala et al. (2014) clustered samples indicated a particular
“metabolic phenotype”. The same analysis was performed using SIMCA 14 software on the
equivalent loadings plots (Figure 5.16B). In addition, the differentiation between the active
and inactive metabolites against AD was achieved based on the OPLS-DA loadings plot
(Figure 5.16C). The seven inactive fractions were assigned the colour blue, while the

remaining active fractions were shown in green in the scores plot. The compounds
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highlighted in the m/z loadings plot (Figure 5.16D) was dynamically linked to the scores plot
(Figure 5.16C), with the dispersal of molecular ions at m/z 401.341 and m/z 469.331.
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Figure 5.16: A) PCA scores plot of mass spectral data indicating three chemlcal groups B)
PCA loadings plot via m/z values; C) OPLS-DA scores plot to discriminate the active versus
the inactive metabolites against oxidative stress in AD prevention; D) OPLS-DA loadings
plot via m/z values determining the bioactive target metabolites at m/z 401[M+H] and 469
[M+H].

Data variability was illustrated by the scores plot, with differences between the secondary
metabolites being greater, the wider was the separation between the clusters. From a
geometrical perspective, a correlation existed between the loadings plot and the scores plot,
and the variability distinguished in the scores plot was expressed with the molecular ion peak
m/z values. Nonetheless, the ability to target the putative secondary metabolites interactively
was greatly assisted by an OPLSD-DA S-plot, which emphasised the putative biometabolites

against oxidative stress prevention in AD. The results shown in Figure 5.17 suggested that
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the potential bioactive metabolites were represented by the values m/z 469.331, 469.404 and
m/z 401.341. These predicted metabolites were identified with the dereplication database

(Table 5.3), which were coupled to MZmine by in-house algorithms.
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Figure 5.17: A) OPLS-DA S-plot analysis of the putative bioactive metabolites in F. carica
exocarp fractions corresponding to the analysis of, values of m/z 401.341 and m/z 469.331
were determined as the putative molecular biomarkers against oxidative stress related AD
prevention. B) Expansion of S-Plot quadrant showing the predicted bioactive metabolites in
F. carica exocarp fractions, values of m/z 469.404.
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Table 5.3: The dereplication list of unique metabolites using macro DNP 2015 database
from the active fractions against oxidative stress related AD prevention obtained from the
S-plot “end point” data shown in Figure 5.17. (P indicated positive mode). Highlighted rows
represented the isolated compounds.

lonization MS Rt Chemical Name Source
Mode m/z min  Formula

P 401.253 16.37 CasH40 campesterol Taiwania
flousiana

P 469.331 22.54 CazoH440s  rubonic acid Rubus
moluccanus

P 401.542 2256 Cx9HaO2 cholestacholesta-5,22-diene- Cliona

3,7-diol copiosa
P 469.404 30.63 CsHs302  B-amyrin acetate Euphorbia
pulcherrima

Therefore, as F18.6 was predicted to exemplify a long-chain fatty acid and was predicted
similar to those found from the mesocarp compound 1.2, F2.6, F3.8, and F4.9 were selected
for further identification and elucidation as described below, while F15.4 and F19.3 were

neglected due to small fractions yields, which were less than 5 mg.
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5.4

Identification and elucidation and of F. carica exocarp

5.4.1 p-amyrin acetate 3.1 and lupeol acetate 3.2

Table: 5.4: Semi-pure F2.6 fraction of F. carica exocarp; characterisation of f-amyrin
acetate 3.1 and lupeol acetate 3.2; chemical configurations; LCMS detection of 3.1; and

GCMS of 3.1 at Rt run 20.55 min.

p-amyrin acetate 3.1

lupeol acetate 3.2

Synonym(s): 3-O-acetyl-p-amyrin, 12-

oleanen-3-yl acetate

Source: Exocarp of F. carica

Metabolite: Fraction F2.6

Sample amount: 4.9 mg

Physical description: White needle crystals
Molecular formula: Cs2Hs20-

Exact Mass: 468.3967 g/mol

Synonym(s): luP-20(29)-en-3-ol, acetate,

lupeyl acetate

Source: Exocarp of F. carica
Metabolite: Fraction F2.6 and F3.8
Sample amount: 4.9 and 10 mg
Physical description: White amorphous
Molecular formula: C3oHsoO

Exact Mass: 468.3967 g/mol

Chemical structure

Chemical structure
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LC-MS analysis 3.1
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Hit 1 : 12-Oleanen-3-yl acetate, (3a)-
C32H5202; MF: 780; RMF: 806; Prob 26.0%; CAS: 33055-28-6; Lib: mainlib; ID: 153829,

100+ a8

‘\.O_. ; \ N
435569811_;'5. 135 139. -
18 | [ Lol L | J229 257 297 339 365 408 Il
40 80 120 160 200 240 280 820 360 400 440 480
(mainlib) 12-Oleanen-3-yl acetate, (3a)-

The structure was entirely elucidated by 1D and 2D NMR as well as HRMS that established
the molecular formula C32Hs202, ESI-MS: m/z 469.3917 [M+H]". The findings of the GCMS
fragmentation pattern of 3.1 in Table 5.4 was characterised by ion peaks at m/z (intensity):
218 (100), 468 (10), 95 (11), 81 (9), 408 (5), 69 (15), 135, 257 (5), 203 (25) and 189 (36)
typical of a pentacyclic triterpene alcohol. Through comparison with the data available in
the literature, this was identified as f-amyrin acetate (Charalambous, 1983; Fingolo et al.,
2013; Schmidt, Kuhnt and Adam, 1994; Tulloch and Hoffman, 1982).

B-amyrin acetate 3.1 and lupeol acetate 3.2 were obtained in the form of white to colourless
needle-like crystals. TLC exhibited the occurrence of triterpene, which appeared as two
overlapping yellow brown spots (section 5.1.3), as earlier described by Geevananda et al.,
(1980). In general, B-amyrin acetate 3.1 and lupeol actetate 3.2 were likely to be eluted
together in TLC (Hoffman, 1982), due to their similarities in molecular weight at 468.77
g/mol and basic structure.

The stacked spectrum of *C NMR and Jmod data (Figure 5.18) for both fractions (F3.8 and
F2.6) of the exocarp closely matched those of 1.3 in F4,5,6/F1/F5 mesocarp supporting the
fact that both fractions indicated the presence of lupeol acetate. This was further established
by the presence of a quaternary signal at dc 151.05, assigned to C-20, and the exomethylene
signal at 6¢ 109.21, assigned for C-29.
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Figure 5.18: Stacked *C-Dept and J-mod NMR spectra (125 MHz, CDCls) illustrated the
similarities between fractions of F2.6 exocarp and F4,5,6/F1/F5 mesocarp. F3.8 exocarp
presented similar signals to F4,5,6/F1/F5 mesocarp as well, indicating the presence of lupeol
acetate. The numbers in green correspond to the carbon signals of the lupeol acetate.

The *H-NMR spectrum of 3.1 (Figure 5.19 and Figure 5.20) demonstrated the characteristic
eight methyl singlet (s) signals in the aliphatic ring at H 0.86 (Me-23), 0.84 (Me-24), 0.82
(Me-25), 0.94 (Me-26), 1.67 (Me-27), 0.95 (Me-28), 0.99 (Me-29), and 0.86, (Me-30). The
acetyl group occurred as a singlet signal at 3y 2.04 (CH3CO). The *H-NMR spectrum also
demonstrated the presence of an oxymethine resonance at 6n 4.45 (t, J =10 Hz, H-3). In
addition, the olefinic signal at 6H 5.25 (t, J = 5.09 Hz, H-12) was assigned to the presence
of a mono-substituted double bond, which was unambiguously confirmed by the *H-H

COSY spectrum, which coupled vicinally with the methylene group for H-11 at 1.61 ppm

(Figure 5.21).
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Figure 5.19: 'H-NMR spectrum of B-amyrin acetate 3.1 in CDCls at 400 MHz.
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Figure 5.20: Expansion of the upfield region'H-NMR spectrum of B-amyrin acetate 3.1 in

CDCls at 400 MHz.

In addition, Figure 5.21 showed 2D-COSY correlations between the protons resonating at 6
1.31 (H-9), 1.47 (H-11), and 2.03 (H-12); which were connected through an orange line. A

further strong 2D-COSY correlation was between the proton H-3 and H-2, resonating at 6

3.56 and 2.24, and protons at 6 0.69 and 1.02, assigned to H18 and H-19.
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Figure 5.21: 2D-COSY of compound 3.1 exhibited proton correlations between H-3 and H-
2 (blue line); between H-9, H-11, and H-12 (orange line); and between H-18 and H-19 (violet

line). Cross peak lines shown in green were allocated to their corresponding proton signals.

The Jmod carbon NMR spectrum of 3.1 suggested a close structural homology with that of
B-amyrin acetate (Figure 5.22). The upfield shifts of the eight carbon signals of the methyl
groups at 6 37.2 (C-23), 16.6, (C-24), 16 (C-25), 17.8 (C-26), 27.4 (C-27), 17.8 (C-28), 23.8
(C-29), and 22.6 (C-30), in addition to the occurrence of downfield shifts of a oxygen-bound
carbon for C-3 at 81.06 ppm, an ester carbonyl carbon signals at 171 ppm, and a mono-
substituted double bond for C-12 at 125.5 ppm and C-13 at 146 ppm were comparative to

that found in the literature (Table 5.5) for B-amyrin acetate.

207



F2/6 exocarp

A

81.1[3]
774

H.C CH
29N\ _ /30
A0
19 21

3 17
HC | CH3‘ ‘\(:H3
125 _o_ 26 14 16 28
o > > \B/é\ls/
I \ \ IHs
H,C ~o /4\ 6
c2
HSC CH3
= 23 24
[
b
P,
H —
H — N
¥ ™ —
[ — =
| = 0'2
! 0
©
S S
-

L

e

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 2(Q

1 (ppm)
F276 exocarp e — e —
—_ A~ a0 —mo Y m
9 KNadd oOd8dQ«
o™ < 0 Dadd ooy
B 5 o H QVVEIMDOM® OO
N o - CWOMNT®MAN®N GO
— =1 © DO®ONNNNA A A A
| | | SRR AL
H.C CH3
N/
29 20 30
~
1‘9 2‘1
~ 2\ /1 ~N /22
\13 17\
H32C ‘ ZCGHs‘ | ~cH,
1. ‘5 9. 2 14 16 28
o 7 N Ny | S5
l \ \ |H,C
N 27
/ N\ g
c2
HC  TCH,
23 24 J g‘
=
ex) )
; ; ; : ; ; ; ; : ; ; : ; : : ; :
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 1
1 (ppm)

Figure 5.22: A) *C-NMR of 3.1 and B) Jmod-NMR spectrum (125 MHz, CDCls) of 3.1.

The HSQC NMR spectrum of the B-amyrin acetate 3.1 were measured in CDCls (Figure
5.23). The downfield chemical shifts at on.c 4.45, 81.1 and 5.25, 125.5 shown in Figure
5.23A were assigned to the acetate substituent at C-3 and the double bond at C-12,
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respectively. Nonetheless, the strong methyl signals (Figure 5.23B) were observed at on.c
0.88, 28.4), (0.84, 16.6), (0.82, 16), (0.92, 17.8), (1.67, 27.4), (0.95, 17.8), (1.62, 23.8), (0.92,
22.6), and (2.04, 21.2) assigned to positions 23, 24, 25, 26, 27, 28, 29, 30, and CH3CO.

The HMBC spectrum (Figure 5.24) exhibited the long-range correlations of protons at 6 0.86
(H-23) with a carbon at 6 4.45 (C-3) and 55.5 (C-5) indicating that the methyl unit was bound
to C-3. The long-range correlations of protons at 6 81.1 (H-3) with two methyl moieties at 6
28.4 (C-23), and 16.6 (C-24), as well as the acetate unit at 6 171 (C1’) established that both
methyl units C-23 and C-24 were bonded to the quaternary carbon (C-4) at 6 38.52. Long-
range correlations of the double bond proton at 6 5.25 (H-12) with both quaternary carbon
at 6 41.2 (C-14), and at 36.9 (C-10, ‘w’ coupling), and methine carbon at 6 50.9 (C-18)
confirmed that the quaternary double bond carbon (C-13) at & 146 was vicinal to C-18.

In addition, long-range correlations between protons at & 1.67 (CH3-29) with methyl carbon
at 6 22.6 (C-30), and methylene carbon at 6 37.9 (C-19); between the methyl proton at 6 0.92
(CH3--30) with methine carbon at 6 50.8 (C-18), and both methylene carbon at 6 37.9 (C-
19), and 37.2 (C-22) supported the fact that both methyl carbons C-29 and C-30 were bound
to the quaternary carbon (C-20) at 6 33.8. Correlation between protons at & 0.95 (H-28) with
methylene carbons at 6 1.12 (C-15), 1.64 (C-19), and 1.21 (C-22) as well as between protons
at 6 0.95 (H-27) with methyl carbon at 6 17.8 (C-26), and methine carbons & 50.8 (C-18),
50.4 (C-9), and 37.2 (C-12), between the methyl proton at 6 0.92 (H-26) with methyl carbon
at & 27.4 (C-27), methine carbons & 50.4 (C-9), and quaternary carbon at 6 36.9 (C-10)
afforded that the methyl carbons at C-28, C-27 and C-26 were bound to the quaternary
carbons of C-17, C-14, and C-8, respectively. Further details of 2D-COSY and 2D-HMBC
spectrum correlation can be found in Figure 5.25.
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Figure 5.25: Representative *H-'H-COSY and *H-*C-HMBC correlations of 3.1; the *H-
'H-COSY correlation and the *H-1*C-HMBC correlation are respectively indicated by the
bold lines, and arrows. 4 J-coupling is anonemous of W J-coupling.
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Table 5.5: Full carbon and proton assignments for p-amyrin acetate 3.1 **C-H cross-signals
in the HSQC and HMBC spectra. **C-NMR (125 MHz, CDCls) and *H-NMR (400 MHz,
CDCl3) are compared with the corresponding articles in CDCls.

Atom Literature (Nasution et al., 2017,
No. [-amyrin acetate 3.1 Shi et al., 2014)
Integral, or, Integral, 6r,
CDClIs| multipilicity, Jin multipilicity, J in 6c (100
Hz oc HMBC Hz (400 MHz) MH?2z)
1 2H,0.82, m 38516,5,9 2H,0.93, m 38.7
2 2H, 1.65, m 26.2 | 10 2H,1.67, m 27.0
3 1H,4.45,t,J=10 81.1]1°,23,24 1H,4.50,t,J=8.0 81.0
4 38.5 38.1
5 1H, 0.79, m 55.5 |23, 24 1H, 0.84, m 55.4
6 2H,1.59, m 18.3[1,26,10,3 |2H,154, m 18.4
7 2H,1.37,d,J=47 338 19,5 2H,1.38, m 32.7
8 40.9 39.9
9 1H,1.32, m 504 | 25, 26, 6 1H,1.32, m 47.7
10 36.9 36.9
11 2H,1.61, m 24.3110,18,12 2H,1.62, m 23.6
12 1H,5.25,t,J=5.1 125.5 | 14,10, 18 1H,5.18,t,J=35 121.7
13 146.0 145.2
14 41.2 41.8
15 2H,1.10, m 25.1 13,8 2H,1.15 m 25.0
16 2H, 1.68, m 23.8 | 28,19, 22 2H,1.75, m 23.3
17 40.1 32.4
18 1H,1.26, m 50.9 | 22,28, 14 1H,1.33, m 47.4
19 2H, 1.64, m 37.9 |28, 22, 21, |2H,1.67, m 37.3
20,12

20 33.8 314
21 2H,141, m 34.9 2H,1.30, m 33.4
22 37.2 28,18 37.2
23 3H, 0.86, s 284 13,5 3H, 0.88, s 28.0
24 3H, 0.84, s 16.6 | 25,5 3H, 0.83, s 16.7
25 3H, 0.82, s 16.0[5,2,9 3H, 0.84, s 15.6
26 3H,0.94, s 17.8 | 27,10,9 3H, 0.97,s 16.7
27 3H, 1.67,s 27.426,18,9,12 | 3H,1.13;s 26.0
28 3H, 0.95, s 17.8 | 15, 22,19 3H, 0.84, s 27.0
29 3H, 0.99, s 23.8 |19, 30 3H, 0.95, s 23.6
30 3H, 0.86, s 22.6 | 19, 22,18 3H, 0.87, s 23.5
CH30 | 3H,2.04,s 171.0 3H, 2.03, s 171.0

The structure of 3.1 was identified and elucidated as f-amyrin acetate 3.1. The analysis of
1H, 13C, COSY, HSQC, and HMBC NMR data, along with a comparison of the chemical
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shift values with relevant published articles (Nasution et al., 2017; Shi et al., 2014),

established the structure of 3.1 as B-amyrin acetate.

5.4.2 Campesterol 3.3

Table 5.6: F4.9 of F. carica exocarp. Description of campesterol 3.3; chemical structure;
LC-MS analysis, and the identification of GCMS.
Campesterol [3.3]

Synonym(s): Campest-5-en-3p-ol

Source: Exocarp of F. carica

Metabolite: F4.9

Sample amount: 44 mg

Physical description: semi-colourless solid
Molecular formula: C2gHas0

Exact Mass: 400.3705 g/mol

Chemical structure
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The positive-ion high-resolution ESIMS of 3.3 showed an accurate mass ion peak at m/z
401.2533 [M+ H]", in accordance with a molecular formula of C2sHag0.

Evidence of the chirality of the C-24 epimer of campesterol, instead of brassicasterol, was
established with 1D and 2D NMR spectroscopic techniques and was assigned based on
comparison with the literature (Prakasa Rao et al., 2010; Rahelivao et al., 2017; Sica,
Piccialli and Masullo, 1984). Moreover, Uomori et al., (1992) reported fingerprint peaks,
where H-27 was observed at double the height of H-21 in campesterol, as opposed to
brassicasterol, as shown in Figure 18S.
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Campesterol 3.3 was isolated from organic solvent in the form of semi-colourless solid
needless. Campesterol 3.3, the C-24 epimer of brassicasterol, was first described in rapeseed
oil Brassica campeslris L. (Fernholz and MacPhillamy, 1941; Garg and Nes, 1986; Sica,
Piccialli and Masullo, 1984), and later isolated from diverse natural sources, including from
soft corals and fungi. The first synthesis of 3.3 was described in 2012 by O’Connell and co-
workers, and was the first to be specifically identified in F. carica fruit in 2010 by Pande

and Akoh. In this study, campesterol 3.3 was isolated from the exocarp of F. carica.

The 'H-NMR of campestrol 3.3 was run at 600 MHz in CDCls (Figure 5.26), and the
spectrum confirmed the presence of six methyl groups at 6 0.69 (s, H-18), 1.02 (s, H-19),
0.93 (d, J = 6.58 Hz, H-21), 0.86 (d, J = 7.68 Hz, H-26), 0.84 (d, J = 6.58 Hz, H-27), and
0.83 (d, J = 6.92 Hz, H-28). A hydroxyl substituent and an olefinic double bond were
indicated at 6 3.52 (m, H-3) and 5.35 (t, J = 1.88 Hz, H-6), respectively. Full details of the
'H-NMR spectrum of 3.3 are presented in Table 5.7.
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Figure 5.26: *H-NMR spectrum of campesterol 3.3 (500 MHz, CDCls), with an expansion
of the 'H-NMR spectrum between 0.66 to 1.06 ppm.

5

The Jmod at 125MHz in CDCl3 of 3.3 in Figure 5.27 revealed the presence of the hydroxyl
group at & 71.8 (C-3) as well as a double bond at 6 140.7 (C-5) and 121.7 (C-6). Six methyl
carbons were also present at & 11.9 (C-18), 6 19.8 (C-19), 6 18.8 (C-21), 6 18.7 (C-26), 6
21.1 (C-27), and 6 14.1 (C-28). In addition to the quaternary C-5, two quaternary carbons
occurred at & 36.1 (C-10), and 45.8 (C-13). Full details of the Jmod and *C-NMR are
presented in Table 5.7.
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Figure 5.27: Jmod-NMR spectrum (125 MHz, CDClIs) of 3.3. The signals at 77 ppm were
allocated to the CDCIs solvent. CHz and CH constituted the negative signals, whereas
quaternary carbon and CHz are indicated by the positive signals.

The COSY spectrum of 3.3 (Figure 5.28) identified the correlation between & 2.24 and 3.56,
corresponding to the hydroxyl group linked with H-3 to H-2, while the cross peak of 6 5.38
with 1.95 corresponded to the double bond between H-6 to H-7. A three-bond correlation of
H-27 at 6 0.84 and H-28 at 6 0.83, with H-25 at & 1.68, which was linked to H-24 at 6 1.33,
and that of H-20 at 8 1.47 correlated with H-21 at & 0.94, confirmed the attachment of the
methyl moieties CHs-28, CHs-27, and CHz-21 on the side chain of 3.3.
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Figure 5.28: H-'H-COSY spectrum of 3.3. Their chemical shift within the campesterol
structure is denoted by the green lines.

Final confirmation of the structure was achieved using HMBC (Figure 5.29). The HMBC
spectrum demonstrated a correlation of H-2 at 6 2.24 with C-3 at 6 71.8, and C-5 at & 140.7.
The olefinic signals at 6 5.38 (H-6) correlating with C-1 at 6 37.2, C-8 at 6 31.9, and C-10
at & 36.1 revealed the position of the monosubstituted double bond (C-5/C-6). The
correlation of H-28 at 6 0.83 with C-23 at 6 29.7, and C-24 at 6 40.5, H-27 at 6 0.84 with C-
23 at 6 29.7, C-24 at 6 40.5, and C-28 at 6 14.1 in addition to the correlation of H-26 at &
0.86 with C-23 at 6 21.1, C-27 at 6 21.1, and C-28 at 6 14.1 established that methyl carbons
C-28 and C-27 were bound to C-25 at & 29.2 while C-26 was linked C-24 at & 40.5.
Furthermore, the correlation of H-21 at 6 0.94 with C-22 at & 34, and C-23 at 6 29.7,
correlation of H-19 at & 1.02 with C-1 at 6 37.2, C-2 at 8 31.6, C-5 at 6 140.7, C-6 at 5 121.7,
and C-9 at 6 50.1, correlation of H-18 at 6 0.96 with C-12 at & 39.8, C-14 at 6 56.8, and C-
20 at 6 35.9 confirmed that the methyl carbons C-21, C-19 and C-18 were bound to C-20 at
035.9,C-10 at 6 36.1, and C-13 at 6 45.8, respectively.
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The combined information gathered from the COSY and HMBC spectra allowed a complete
assignment of 3.3, as shown in Figure 5.30. These spectroscopic features suggested that
compound 3.3 possesses a skeleton similar to that of cholesterol. Comparison of the spectral

data with the literature (Rahelivao et al., 2017) confirmed that 3.3 is campesterol.
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Figure 5.29: 'H-1*C-HMBC spectrum of 3.3 in CDCls at 500MHz.

Figure 5.30: Characteristic *H-H-COSY and *H-*C-HMBC correlations of compound 3.3.
4 J-coupling is anonemous of W J-coupling.
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Table 5.7: Compound 3.3; *H-NMR (500 MHz), including integral, coupling constant and
multiplicity, Jmod-NMR (125 MHz) and HMBC correlation of 3.3 exhibited consistency
with previous studies. *H-NMR was recorded at 600MHz in CDCl; and *C-NMR at 150
MH2z).

No Campesterol 3.3 (Rahelivao et al., 2017)
on, multipilicity, on, multipilicity,
JinHz oc HMBC Jin Hz oc
1 37.213,5,10 37.25
2 316 |3,5 31.67
3 1H, 3.52, m 71.8 71.81
4 42312,3,5,6 42.31
5 140.7 140.7
6 1H,5.35,t,J=19 121.7 |1, 8, 10 1H,5.33, m 121.7
7 31.9 4,14 31.90
8 31.9 |1, 11, 13, 16, 31.90
18
9 1H, 1.32,dd,J=3.6,15 50.11,2,7,13, 15, 50.12
19

10 36.1 36.50
11 21.2 (7,8, 14, 17 21.08
12 39.8 |9, 14,16 39.76
13 45.8 42.31
14 | 1H,117, m 56.8 | 11,18 56.75
15 24317,8 24.29
16 |[2H,1.84,m 28.2|12,14,20 28.19
17 | 1H,1.22, m 56.0 | 11, 14, 15, 18 55.98
18 | 3H,0.69,s 11.9]12,14,20 3H, 0.66, s 11.85
19 |3H,1.02s 198(1,2,56,9 3H, 1.00, s 19.40
20 | 1H, 147, m 35.9 | 12, 15, 16, 17 36.18
21 |3H,0.93,d,J=6.6 18.8 | 22, 23 3H,0.91,d,J=6.8 18.88
22 34 23,25 33.71
23 29.7 | 25 30.56
24 | 1H,1.29, m 40.5 | 20, 22, 27, 28 39.06
25 | 1H,1.68, m 29.2 | 23 31.90
26 | 3H,0.86,d,J=6.7 18.7 | 23,27, 28 3H,0.77,d,J=6.8 17.88
27 | 3H,0.84,d,J=6.6 21.1|23,24,28 3H,0.84,d,J=6.8 20.52
28 |3H,0.83,d,J=6.9 14.1 | 23, 24, 28 3H,0.76,d,J=6.8 15.44
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6. General discussion and conclusion

6.1. The discovery and the chemistry study

Traditional drugs have been used since ancient times while in modern times native
medicines continue to be considered of great importance from both economic and
professional points of view (Tapsell et al., 2006). The search for functional foods that
reduce the risk for neurodegenerative diseases brought nuts and fruits into a focus of
research. F. carica is one of the most common fruit that has been used for nutritional as
well as medicinal purposes for centuries and has been identified as providing protection
against AD (Kristbergsson and Otles, 2016). This current study conducted empirical work
utilising the antioxidative stress effects of F. carica endocarp, exocarp, and mesocarp.
However, to date, the efficacy of non-polar ethyl acetate extracts of F. carica endocarp,
exocarp and mesocarp as an acrolein attenuator of oxidative stress-related of AD has
never been described in the literature. No other study has also been reported on the
cytotoxicity and the expression of NQOL1 protein caused by triterpenoids, fatty acid, and
phenols that were currently isolated from F. carica. In this study, for the first time, a
metabolomic profile of F. carica has been presented, highlighting the isolation of
bioactive compounds that included y-sitosterol 1.1, oleoyl-B-D-arabinoside 1.2, lupeol
acetate 1.3, lawsaritol 2.1, parahydroxybenzoic acid 2.6, vanillic acid 2.7, B-amyrin
acetate 3.1, and campesterol 3.3. Specifically, the study focused on the cytotoxicity
caused by oxidative stress triggered by acrolein, and the protective antioxidant protein
expression of NQO1, in the context of AD.

In this study, as described in the methodology section, methanol, acetone, ethyl acetate
and water were used to fractionate the different phytochemical constituents from the F.
carica endocarp, exocarp and mesocarp. Within the process of obtaining and purifying
the respective bioactive plant constituents, the first and crucial step is extraction (Bachir
bey et al., 2014). Accordingly, non-polar metabolites were isolated from the crude
aqueous extracts with low polarity solvent by using ethyl acetate. An increase occurrence
of protein content in the aqueous phase suggested that fractionation was a tool for
concentrating polar components as well. Nonetheless, overall, the polar layer was later

excluded from the analysis because the aqueous extracts contained polysaccharides and
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sugar in greater quantities. As a result, the non-polar EtOAc-soluble fraction was found
to exhibit antioxidative stress activity in in vitro differentiated SH-SY5Y cell line. Further
fractionation of the non-polar extract with hexane and ethyl acetate increased the
antioxidant activity. However, further purification decreased the bioactivity in some
fractions. It was also implied that the antioxidant effect might be the outcome of the
symbiotic activity of bioactive compounds in crude extracts. Furthermore, certain
compounds (e.g. phenols and flavonoids) might likely have also been eliminated through
fractionation. The observation regarding the symbiotic behaviour of multiple plant
antioxidants corroborates the findings reported by Misbah et al. (2013).

However, the major bottleneck that continues to affect NP drug discovery, is the isolation
and purification of the active metabolites from some exceptionally complex elements.
Non-polar extracts were fractionated by normal phase flash chromatography through
gradient elution of a mixture of hexane and ethyl acetate mixture through silica gel and
monitored by TLC for their similarity and purity. This afforded 71 fractions, which was
distributed to 16 fractions from the mesocarp, 29 fractions from the endocarp, and 26
fractions from the exocarp. The use of high-throughput fractionation method was valuable
in terms of simplifying the chemical profile of crude mixtures and enhancing the impact

of natural chemical diversity on the drug discovery process.

The application of TLC was an indispensable preliminary screening step in each of the
fractionation and purification steps used in this current study. A range of various solvent
systems was employed for the qualitative TLC assay. The application of TLC assay could
configure some of the compounds in which can be preliminarily detected by the colour
of the fractions as in the purification of vanillic acid 2.7 (Béathori et al., 2003; Harborne,
1984). For example, the pink colour of F14 (section 4.3) was attributed to the pigment of
vanillic acid 2.7, which was consistent with Harborne’s (1984) description of
distinguishing vanillic acid that attains the pink colour from the blue colour of isovanillic
acid isomer, which may have rather similar Rs values. Free radical scavenging attributes
were also revealed by other fractions of certain bioactive mesocarp and exocarp

metabolites manifested by moderate yellow spot on the TLC plate (section 3.5 and 5.1.3).
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Identification and elucidation of the bioactive compounds were fully investigated by
GCMS and predominantly with NMR spectroscopy. The structures of these compounds
were confirmed by comparing their spectroscopic data to those in the literature. Oleoyl-
[-D-arabinoside 1.2 was described in F. carica mesocarp for the first time, whereas y-
sitosterol 1.1 and lupeol acetate 1.3 were earlier reported in several Ficus species (Jeong
and Lachance, 2001; Mawa, Husain and Jantan, 2017). Meanwhile, y-sitosterol 1.1, the
major bioactive phytosterol in F. carica, exhibited the suppression of acrolein amongst
the other compounds. In this context, one study found that a symbiotic cooperation
frequently arises between many natural antioxidative compounds, generating various

antioxidative effects targeting the action of free radicals (Belguith-Hadriche et al., 2017).

According to the literature review conducted, no study had addressed the chemical
composition of the constituents of F. carica fruit, especially that of oleoyl-B-D-
arabinoside 1.2. oleoyl-B-D-arabinoside was first isolated from rice straw (Oryza sativa
Straw) (Ahmad et al., 2013). Meanwhile, Seshadri and Vydeeswaran (1971) were the first
to extract lupeol acetate 1.3 from the root Pergularia daemia, a member of the
Asclepiadoideae family. However, as far as the current researcher is aware, this was the
first in vitro study to examine oleoyl-p-D-arabinoside 1.2 in the context of acrolein-
triggered oxidative stess. Meanwhile, lupeol acetate 1.3 was first reported from the root
Pergularia daemia, a member of the Asclepiadoideae family (Seshadri and Vydeeswaran,
1971). On the other hand, lawsaritol 2.1 was already earlier identified from F. carica.
lawsaritol 2.1 was first isolated from the root of Lawsonia inermis*® (Sarwar Alam et al.,
1992). It was later described from two green algae species, Cedrus deodara (Srivastava
and Kulshreshtha, 2010) and Chaetomorpha basiretorsa Setchell (Shi et al., 2008) as well
as the aerial parts of Stachys byzanthina C. Koch!’ (Khanavi et al., 2005). Vanillic acid
2.7 has been identified and isolated from the endocarp of F. carica that is consistent with
previous studies (Russo et al., 2014) indicating that the pulp of the fig contains low
concentrations of vanillic acid 2.7. Parahydroxybenzoic acid 2.6 has been isolated from
almond skin (Prunus amygdalus Batsch) and reported to form a strong antioxidant DPPH

16 | awsonia inermis is known as henna plant and it is commonly used as cosmetically, medicinally and
traditionally in India and middle east for over 9,000 years (Chaudhary, Goyal and Poonia, 2010).

17 Stachys byzanthina C. Koch belongs to the family Lamiaceae and the genus of Stachys. It is widespread
in the flora of Turkey and has been used in Turkish folk medicine as a stomachic (Erdemoglu et al., 2006).
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radical scavenging activity (Sang et al., 2002). Both 2.6 and 2.7 have been earlier
identified and isolated from F. erecta (Park et al., 2011).

In order to gain a basic understanding of the isolated bioactive component, it is important
to take into consideration their chemistry before its biology can be understood. Plant
sterols such as B-amyrin acetate 3.1 and campesterol 3.3 are structurally comparable to
cholesterol with substituents on the side chain at the Cz4 position. They are not synthesised
in animals, and in this manner, studies have shown sitosterol and other mixtures of plant
sterols to effectively reduce serum cholesterol levels by about 10% in humans at doses of
approximately 1 g/day (Kris-Etherton et al., 2002). Previous study has also reported that
vanillic acid 2.7 has an inhibitory effect on the methylglyoxal-mediated oxidative-
sensitive pathway activated in apoptotic neuro-2A cells (Huang et al., 2008). Despite the
fact that leaf parts are traditionally used, this current study has also demonstrated that the
exocarp of F. carica showed effective antioxidant properties via either electron or

hydrogen atom transfer (Choo et al., 2012).

In B-amyrin acetate 3.1, chirality plays an important role on its bioactivity. Chiral
compounds can behave very differently in biological systems due to their diverging
orientations in a three-dimensional space (McConathy and Owens, 2003). It has been
earlier described that both o and 3 amyrin epimers are produced in different parts of plant,
which raises questions concerning their specific physiological roles such as in cell

proliferation, elongation, and expansion (Crumley et al., 1990).

Meanwhile, another study promoted the in vitro accumulation of AP peptide and
tau protein (Fraser et al., 2009). Conversely, in vivo studies showed that increased dosle
levels of oleic acid protected TJCRNDS8 mice brains against AD-type neuropathology
(Amtul et al., 2010). It is interesting to note that oleic acid represented the aglycone part
of oleioyl-p-D-arabinoside 1.2 that was isolated from the mesocarp of F. carica.

There has been evidence that significant changes in clinical and biological activities were
demonstrated by different respective isomers. For example, D(+) amphetamine exceeds
the potency of L(-) amphetamine by tenfold in suppressing noradrenaline aggregation in
nerve terminals (Parkes and Fenton, 1973), while analgesia in male CD-1 mice was only

observed to be effective with D-morphine but not with L-morphine (Wu, 2005).
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In the case of oleoyl aglycone (18:1n-9 cis), the cis-trans configuration was of great
significance as well. Cis oleoyl-pB-D-arabinoside has been reported to reduce oxidative
stress in vitro (Cordain, 2012). On the other hand, the trans configuration of elaidic fatty
acid was set apart from the adverse side effect of its trans isomer on the increase levels

of blood cholesterol.

Alternatively, the antioxidant activity of the y- isomer of tocopherol was half of the effect
of its a isomer, which constituted the second defence line against oxidative stress in LDL
(Vessby and Sundlof, 1996). From these observations, the biological activity of F. carica
on in vitro differentiated SH-SYS5Y cell line could be inferred on the isolated y-sitosterol
1.1. However, no research has so far been conducted on the mechanism through which

these isomers support molecular biological binding.

6.2. Metabolomics

Earlier research indicated that the greatest antioxidant effect was exhibited by fruit and
vegetables widely included in diets, particularly those of a dark blue or red colour, such
as berries and figs (Liu et al., 2002; Wu et al., 2006; Solomon et al., 2006; Elik et al.,
2008). This study therefore confirmed that validity existed in the use of fig fruit and peel
in traditional medicine employed to combat oxidative stress (Misbah et al., 2013;
Solomon et al., 2006). Ideally, a combination of biological assays incorporated with HTS
is a useful technique to obtain information on the antioxidant capacity of a F. carica fruit.
Thus, the additional aim of this study was to explore the analytical tools of metabolomics

by employing high resolution LC-MS.

The respective fruit parts of F. carica was separately extracted, concentrated,
fractionated, and purified to afford the biologically active metabolites. Unsupervised PCA
analysis facilitated the separation of F. carica fractions to clusters in a scores scatter plot
while the discriminatory metabolites were putatively identified by utilising the loadings
scatter plot. HCA dendrograms was used to visualise the similarity of fractions according
to their chemical profiles, which was achieved with ward’s tree linkage. Small distances
between metabolites implied that greater similarity, while dissimilar metabolites were
separated by relatively longer distances (Lozano et al., 2014). Alternatively, supervised

OPLS-DA and S-plot analysis were employed to explore in targeting the bioactive
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metabolites, which were the ion peaks at m/z 469.404, 414.381, 414.297, 401.253,
168.030, and 168.031.

HTS process has been limited and suffered most often in the rapid identification of known
compounds as the major hurdle (Smyth et al., 2012). Multivariate analysis including
dereplication MACROS were used in this study to overcome the aforementioned
limitation and to achieve the final objectives of this work. The study conducted the
dereplication of phytochemicals in the three fruit parts of F. carica using the HPLC-ESI
mass spectral data, which were pre-processed using MZmine that also partially achieved
the dereplication process through a molecular formula prediction algorithm. The
molecular formulas C29Hs00, C23H1206, C32H5202, C20Hs500, C7Hs03, CgHgO4s, C30Hs00,
and Cz2Hs202 were further characterised by both the fragmentation pattern generated from
GCMS data and the structural elucidation achieved through NMR, which afforded the
identification of vy-sitosterol 1.1, oleoyl -B-D-arabinoside 1.2, lupeol acetate 1.3,
lawsaritol 2.1, parahydroxybenzoic acid 2.6, vanillic acid 2.7, B-amyrin acetate 3.1, and

campesterol 3.3, respectively.

6.3. The biological study

Multiple studies have demonstrated that oxidative stress and related damage are
correlated with chronic diseases such as AD (Habtemariam, 2018a; Yang et al., 2009).
For example, abnormal deposits of AP peptide in the CNS of AD patients are known to
increase intracellular oxidative damage and contribute to inflammatory responses (Yan et
al., 2013). In addition to such direct oxidative damage, by-products of lipid peroxidation,
such as acrolein, are also known to play a role in the aetiology of AD (Bonamigo et al.,
2017). A study has been published, in which acrolein was described to cause the
inactivation of astrocytes in upregulating beta-secretase enzyme BACE-1 and degrading
ApoE4 cofactor enzyme (a lipoprotein receptor) resulting in AD both in vitro and in vivo
(Harbison et al., 2015; Novak, 1999). Another study also found elevated plasma
concentrations of acrolein in patients with chronic renal failure. Furthermore, the
abundance of protein-acrolein adducts was also observed to increase in tissues from
patients with AD, Parkinson's disease (PD), atherosclerosis and chronic obstructive lung
disease (Pizzimenti et al., 2013). Chaudhary and Ali, (2011) established the

neuroprotective effect of methanolic leaf extract of Ficus hispida on AP and oxidative
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stress suppression by upregulation of glutathione peroxidase, glutathione reductase and

superoxide dismutase in vivo mice model.

Additionally, acrolein-triggered AD and the effects of triterpenes, non-saturated fatty acid
(FA) and phenols on the in vitro differentiated SH-SY5Y cell line have not been
extensively investigated. This study sought to make up for this gap by employing an
acrolein-induced antioxidant model to examine the antioxidant potential of non-polar F.
carica extract in the context of AD. The amount of acrolein used to trigger oxidative
stress was 20 pM. Preliminary results suggested that AD development might be hindered
by antioxidants (section 3.5, 4.5 and 5.2). This is consistent with the findings of earlier
studies. It has been earlier reported that AD could be prevented by phytosterol (Kim et
al., 2015), while it was also revealed that AD levels were markedly reduced by
stigmasterol, sitosterol and cholesterol (Kim et al., 2015).

The isolated compounds were also investigated for their cytotoxicity during acrolein-
induced oxidative stress against AD through an AlamarBlue® assay. Overall, the test
demonstrated outstanding oxidative stress prevention of acrolein related AD.
Furthermore, while the AD-prevention potential of F. carica ethyl-acetate extracts was
investigated, a significant protection against acrolein-induced oxidative stress was shown.
Parahydroxybenzoic acid 2.6 demonstrated the most significant ECso (13.7562 + 36.7434
png/ml) activity against 20 uM of acrolein-induced oxidative stress amongst all the
isolated fractions.

Comparison of the in vitro suppressive effect of the bioactive fractions,
parahydroxybenzoic acid [F14], vanillic acid [F14], lawsaritol [F20] and campesterol
[F4.9] showed the significant greater efficacy against acrolein at (ICso 13.76+36.74
pg/ml), (ICso 11.304+30.18 pg/ml), (ICso 3.92+14.63 pg/ml) and (ICso 1.46+26.58
pg/ml), respectively. By contrast, the suppressive effect of the combination of f-amyrin
acetate and lupeol acetate [F2.6], oleoyl-pB-D-arabinoside [F12,14/F9], vy-sitosterol
[F4,5,6/F9] and lupeol acetate [F4,5,6/F1/F5] against acrolein was the least potent (ICso
1.424+1.78 pg/ml), (1Cs0 0.8741.60 pg/ml), (ICs0 0.84+2.56 pg/ml) and (ICso 0.64+2.85
pg/ml), respectively.
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Nevertheless, a potent neuroprotective effect against acrolein-related AD was achievable
with parahydroxybenzoic acid [F14]. Nonetheless, research is yet to be conducted
regarding the sufficiency of these concentrations for diminishing AP peptide production

in humans.

Likewise, the endogenous antioxidant NQO1 enzyme is one of the most consistently and
robustly inducible genes among the members of the family of cytoprotective proteins
against oxidative stress (Shen et al., 2016; Simoni et al., 2017). In the brain of AD
patients, NQO1 immunostaining closely correlated with the extent of local AD pathology
across the various brain regions examined, suggesting that increased NQO1 activity may
be neuroprotective (Masoudi et al., 2014; Simoni et al., 2017; Torres-Lista et al., 2014).
In APP/PS1 mice, NQOL1 in cortex was slightly higher than controls at three months of
age, but declined at 6 months. The over-expression of Nrf2 was neuroprotective against
AP peptide, and this effect was only associated to high-level expression of NQO1 among
all Nrf2-ARE dependent genes (Torres-Lista et al., 2014). Proelectrophiles from natural
sources have attracted interest from a broad range of researchers in the drug discovery
community (Simoni et al., 2017). In particular, proelectrophile compounds, which
include hydroquinone cores of terpenoids and flavonoids, are only converted to their
active electrophilic forms in response to pathological oxidation, offering prospects of

minimal potential side effects (Simoni et al., 2017).

In the pursuit of finding more effective antioxidant properties, the antioxidant profile of
the isolated compounds were also investigated for their ability to trigger the Nrf2 pathway
in terms of up-regulation of the Nrf2-dependent defensive gene NQOL1. Interestingly, in
in vitro differentiated SH-SY5Y neuroblastoma cells, all compounds tested exhibited
remarkable free radical scavenging properties and offered protection against oxidative
stress by means of electrophilic activation of Nrf2-mediated response. As different
biological features were exploited to regulate NQO1 activity, these findings pointed to
the of the effectivity of the isolated compounds 2.6 >2.7>13>21>11>12>32>
3.3 arranged with the most to the least therapeutic potential on the NQO1 cellular
network. This paved the way for the generation of new compound leads to confront AD
prevention. However, the exact protective mechanisms underlying the effect of these

isolated compounds on differentiated SH-SY5Y cell line remains to be fully examined.
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6.3.1. The study of prevention of oxidative stress

As known antioxidants, phenolic compounds have been recognised for their importance
in minimising pathological and toxic effects in accordance with oxidative stress (Kanski
et al., 2002). Antioxidants retard or prevent the oxidation of substrates and are highly
beneficial to health as they protect cells and macromolecules from oxidising agents, in
which are capable in neutralising free radicals by aromatic hydroxylation mechanisms
and/or through the chelation of transition-metal ions and donating a hydrogen atom
(Bonamigo et al., 2017; Jung et al., 2016; Shahidi and Zhong, 2010). The antioxidant
radical is stabilised by delocalisation of the unpaired electron around the phenolic ring to
the phenoxy free radical to form stable resonance hybrids (Shahidi and Zhong, 2010;
Sumi et al. 2016). Moreover, the antioxidant radicals further scavenge free radicals by
participating in the termination of oxidation (Shahidi and Zhong, 2010). This mechanism
contradicts the published article by Shaikh et al. (2016), in which it is argued that
compound 2.6 was found to be inactive to free radical scavenging. The current findings
are in agreement with a published article that plant or animal extracts containing a mixture
of antioxidant substances are also used directly to inhibit in vitro and in vivo oxidation
(Shahidi and Zhong, 2010).

Nevertheless, concerning vanillic acid 2.7, a literature search reported that the
administration of vanillic acid 2.7 (30 mg/kg, Intraperitoneal injection, 3 times per weeks)
in the murine Ap1-22model attenuates AP1-42-induced ROS, memory impairment, synaptic
deficits, neuroinflammation and neurodegeneration. However, the mechanisms that
underlie many features of AD remains to be determined (Amin et al., 2017). Other
literature revealed that the presence of electron donating groups on the benzene ring the
3-methoxy 4-hydroxyl in 2.7 and its derivatives, such as ferulic acid, cinnamic acid, and
cumaric acid; contribute to the stability of the intermediate. Phenoxyl radicals may even
break free radical chain reactions that are the same as their planar structure, the number
and position of their OH groups, as well as the presence of the C2-C3 double bond are
essential for antioxidant and free radical scavenging activities (Kanski et al., 2002; Sumi
etal., 2016). Both 2.6 and 2.7 possess three distinctive structural motifs that possibly play
a role to their free-radical scavenging capability (Figure 6.1). As such, both 2.6 and 2.7
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have the carboxylic acid substituents, and 4-OH, as well as the additional 3-methoxy

group in vanillic acid 2.7.

Figure 6.1: Possible resonance structures of 2.7 phenoxyl radical. Free radical initiation
occurs at the 4-hydroxyl group by abstraction of hydroxyl H-atom; possible free radical
initiation at carboxylic group is conceivable.

Moreover, the carboxylic acid group in parahydroxybenzoic acid 2.6 and vanillic acid 2.7

can further contribute to the stability of the radical by resonance or by providing

additional sites for free radicals (Kanski et al., 2002). It has been reported that this third

functional group could facilitate anchoring of ferulic acid into the lipid bilayer, providing

some protection against lipid-peroxidation (Sumi et al., 2016). Compound 2.7 may also

have this ability, even though it lacks the additional two carbon atoms adjacent to

carboxylic acid as in ferulic acid (Figure 6.2). Given these and other characteristics,

phenolic compounds are well recognised as potent antioxidants.
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Figure 6.2: Chemical structure of ferulic acid and vanillic acid; both possess the same
functionality with the additional of double bond in the aliphatic chain of ferulic acid (red
colour).

Phenolic compounds are known for their antioxidant activity and for preventing radical
scavenging due to their ability to act as hydrogen donors (i.e. parahydroxybenzoic acid
2.6 and vanillic acid 2.7). Fatty acids (FA) such as the isolated oleoyl-p-D-arabinoside
1.2 were also effective antioxidant compounds in ROS scavenging, which prevent
potential damage to cellular proteins and lipids components (Abu Bakar et al., 2017;
Caligskan and Aytekin Polat, 2011). Unfortunately, the levels of oleic acid isomers and
omega-6 FA were demonstrated to be unusual in AD compared to that of omega-3 FA
which may be linked to cognitive deterioration (Cunnanea et al., 2012). The perturbation
levels of plasma FA might be partly responsible for the AD-related fluctuations of brain
FA (Cunnanea et al., 2012). The levels of AP species were suppressed by increasing
concentration of supplemental oleic acid (Amtul et al., 2010). This can be explained in
terms of the fact that the membrane bilayer became more rigid or that the AP24 transport

was disrupted by oleic acid enrichment, causing cellular pH to become more acidic.

Meanwhile, with the limited content of polyunsaturated species, the FA with the second
greatest abundance after arachidonic acid in phosphatidylcholine from para-hippocampal
cortex of AD was monounsaturated oleic acid (Corrigan et al., 1998). These FA are of
interest due to monounsaturated long-chain fatty acids can act as precursors for the
biosynthesis of very-long chain monounsaturated acids such as nervonic acid (C26:1n—9)
which are known to be important in neural function (Corrigan et al., 1998). Likewise, a
recent study has demonstrated that almost 20% of the body’s consumption of glucose
occurs in the brain, suggesting that the metabolic deficits present in AD patients may
significantly contribute to pathogenesis (Williams et al., 2011). It has been reported by
that the positions of the methyl groups at carbons 18, 19, 21, 26 and 27 in phytosterols
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such as sitosterol played a significant role in suppressing -secretase 1 (BACE1) enzyme
activity related to AD in vitro model (Jung et al., 2016). This evidence suggested that
suppression of AD-related acrolein cytotoxicity is also achieved by these active sites in a
structure of the aforementioned compound. Furthermore, active sites in numerous
antioxidant structures (e.g. fucosterol, fucoxanthin, quercetin) have been described to
consist of methyl groups, double bonds and cyclic ring systems (Jung et al., 2016). It
could thus be inferred that acrolein suppression is accomplished by methyl groups present
in FA structures as in oleoyl -B-D-arabinoside 1.2 in reducing the oxidative stress of
acrolein-related AD through a dual action, in terms of the glycol moiety (arabinoside)
attachment to the oleoyl fatty acid.

In addition, the patent US 8609726 B2 registered by Bryhn (2013) relates to the use of
FA composition, including oleic acid congeners, for the treatment of AD by targeting the
AP peptide. Bazinet and Layé (2014) have also explained the mechanism by which FA
are accumulated in the myelin sheath of the brain. The brain accelerates its accumulation
of polyunsaturated fatty acids PUFAs as well as oleic acid (monounsaturated fatty acid)
through the diet, which act as the foundations of arachidonic acid (ARA) and
docosahexaenoic acid (DHA) fatty acids. These FA are then metabolised in the brain by
PUFAs, activated by the acyl-CoA synthetase (ACSL) and then esterified to the
phospholipid membranes. Other PUFAs, such as linoleic acid (LNA), a-linolenic acid
(ALA), and eicosapentaenoic acid (EPA) are B-oxidised. Some fatty acid transporters also
have ACSL activity and therefore probably facilitate the partitioning of FA to either
esterification or metabolism in combination with fatty-acid-binding proteins (FABPS) in

the brain.

Fat-soluble plant antioxidants, other than phenols and FA such as triterpenes and
phytosterols have been also shown to possess in vitro neuronal bioactivity (Saratha et al.,
2011). It is noteworthy to mention that triterpenes have been reported to possess
antioxidant effects (Saratha et al., 2011). Clinical studies on more than 2,400 subjects,
who were given various kinds of triterpenes in doses of 25 g or more daily, did not report
any harmful effects (Saratha et al., 2011). After sitosterol 1.1 (70%), p-amyrin 3.1 is the
second most prevalent compound (60%) in the fig fruit, and was also identified as being

present in the exocarp (Jeong and Lachance, 2001). Furthermore, antioxidant effects have
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been attributed to the triterpene oleanolic acid-based B-amyrin derivative, diminishing
oxidative stress, and improving mitochondrial function in PC12 cells treated with H20>
(Gonzalez-Burgos and Gomez-Serranillos, 2012). In addition, the defining feature of
compound 1.3 in its lupine-type skeleton, which demonstrated its bioactivity due to the
numerous natural estrogenic centres at positions C-3 and C-20 (Gupta et al., 2016).
Likewise, the isolated lawsaritol 2.1 may have also contributed to antioxidant protection
against acrolein-related AD that has been observed to scavenge ROS and to be responsible
for the increased antioxidant activity as lipophilic antioxidant systems in AD (Burg et al.,
2013; Bonamigo et al., 2017; Guardiola, 2002). Hydroxyl groups and olefinic bonds seem
to play a key role in the inhibitory potential of phytosterol compounds through hydrogen
bonding and - stacking interactions with the amino acid residues of the active centre
of AChE enzymes in AD as reported for lawsaritol isolated from Haloxylon recurvum?*®
(Ahmed et al., 2006). These findings suggested that of the OH group and olefinic bonds
in lawsaritol 2.1 could attenuate the acrolein-oxidation stress related AD

The presence of an ethyl group at C24 in stigmasterol that is structurally similar to
lawsaritol, , which cholesterol does not have, has been shown to decrease BACEL activity,
by reducing 10% of the cholesterol content in the lipid bilayer and the expression of all
c-secretase components (Burg et al., 2013; Rao et al., 2006; Uddin et al., 2014). In
parallel, c-secretase activity was dose-dependently significantly decreased in the CNS of
mice fed with 0.39% stigmasterol-enriched diet (Amtul et al., 2010; Cheng et al., 2014).
The presence of campesterol increased the expression of BACEL, with minor expression
of secretase in SH-SY5Y cells where APP expression was uP-regulated (Burg et al.,
2013). Meanwhile, it has also been described that campesterol occurring in the temporal
and parietal cortex, at concentrations of 5-10 ng/mg wet tissue could cross the endothelial
barrier without difficulty (Vanmierlo et al., 2015). Despite this, it has also been found
that half or more of the B-sitosterol concentration was required for in vivo prevention of

AD in combination with campesterol and stigmastarol, combined (Novak, 1999).

Stigmasterol, sitosterol, and campesterol and combinations thereof have already been
patented in the United States (patent number: EP2405773 A1) for the treatment of AD by

18 Haloxylon recurvum belongs to the family Chenopodiaceae. It is a perennial shrub with glabrous leaves
and is widely distributed in Turkey, Syria, Iraq, Iran, Afghanistan, Kashmir, India and Central Asia (Ahmed
et al., 2006).
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targeting the AP peptide (Grimm et al., 2012). Furthermore, stigmasterol significantly
decreased AP levels in comparison to B-sitosterol and cholesterol (Burg et al., 2013). A
further study, described lupeol to protect mouse hippocampal cell lines HT-22 against

glutamate toxicity in AD sufferers (Szakiel et al., 2012).

The extent of membrane fluidity of sterol molecules depends on their stereochemistry
(i.e. o/p isomers) and structural features of their side chains. Sterols with 3f3-
monohydroxyl group manifest more membrane fluidity than those with the o-OH
substituent (Hartmann, 1998). Less branched side chain exhibited higher membrane
fluidity as in the order of campesterol > sitosterol > stigmasterol (Vanmierlo et al. 2012).
Unlike plant stanols, plant sterols were more absorbed to cell membrane due to the
presence of unsaturation than in their saturated form as in stanols (Weingartner, Bohm
and Laufs, 2008). In the present study, y-sitosterol [1.1], lupeol acetate [1.3], lawsaritol
[2.1], B-amyrin acetate [3.1], and campesterol [3.3] significantly attenuated acrolein-
induced oxidative stress at concentrations ranging from 30 pg/mL to 10 ng/mL. These
findings revealed decreasing levels of anti-cytotoxic activity against acrolein for the
isolated series of phytosterols in the following order: campesterol > sitosterol >
stigmasterol. The differences in these structural moieties along with their corresponding
bioactivity were in alignment with those described in the literature (Vanmierlo et al.,
2012).

Although campesterol caused the most significant reduction of acrolein-induced
oxidative stress amongst the isolated phytosterols, it remains unclear whether
concentrations of campesterol in this range can be reached via nutritional
supplementation. Thus, more research is required to determine if phytosterols mediate
their neuroprotective effects exclusively via the reduction of acrolein-induced oxidative
stress. In addition to the impact of phytosterols on the pathophysiology of AD,
phytosterols can act as biomarkers for AD. In another study, brassicasterol (an isomer of
campesterol) and sitosterol were identified as clinically relevant cerebrospinal fluid (CSF)
biomarkers for early AD, although only sitosterol reached significance levels of reducing

oxidative stress (Vanmierlo et al., 2015).
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6.3.2. Passing the blood brain barrier

A key feature of compounds targeting neuronal protection is that they must be able to
cross the blood brain barrier (BBB) readily. The ability of flavonoids to cross the BBB is
believed to be reliant on their lipophilicity. Small phenolics have been reported to traverse
the BBB via amino acid transporters, such as 4-ethylcatechol (Vauzour et al., 2010). The
presence of parahydroxybenzoic acid in Tg2576 mice blood has been described to reduce
AP neuropathology and improve cognitive performance (Dal-Pan et al., 2016). Likewise,
clinical findings indicated that certain levels of vanillic acid that has been detected in all
areas of the brain including the hippocampus gradually decreased with age (Adolfsson et
al., 1979). The diminishing concentrations of vanillic acid may involve many
neurobehavioral and neurotransmitter abnormalities such as AD (Wolfe et al., 2017).
Based on the structural similarity of vanillic acid to salicylic acid, which does also cross
the BBB, it has been considered that vanillic acid is able to enter the central nervous
system (Wolfe et al., 2017).

Phytosterols such as those isolated and elucidated in this study that included compounds
1.1, 1.2, 1.3, 2.1, 3.1 and 3.3 have been earlier described to cross BBB through high-
density lipoprotein-SR-B1 (HDL-SR-B1) receptor, which are mainly located at the apical
side of cerebral endothelial cells (Vanmierlo et al., 2011). With regard to which

phytosterols are capable of crossing endothelial cells more easily,

It has been found that phytosterols with a less complex side-chain, such as those found in
cholesterol and campesterol, would cross the endothelial cells more easily than
phytosterols with more complex hydrophobic side-chains, like in sitosterol 1.1 and
stigmasterol or its derivative as in 2.1 (Vanmierlo et al., 2015). Apart from that, the higher
lipophilic solubility of these compounds produced greater antioxidant activity due to their
lower solubility, higher penetration through the BBB and higher protein binding when
their partition coefficient (log Pow > 4) (Bonamigo et al., 2017; Janjusevi¢ et al., 2017,
Pyka and Babuska, 2006; Taylor and Triggle, 2007). Likewise, the mechanism by which
these lipophilic compounds produces more antioxidant effectiveness in the cellular
environment was determined due to the attachment of the hydroxyl groups by cytochrome
P450 enzyme, as reported by Shakunthala, (2009).
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Moreover, the more methyl group within the structure will often lead to the higher
lipophilic solubility resulting in higher BBB penetration, such as, addition of one methyl
group to morphine produces codeine (Figure 6.3), which has a 10-fold higher BBB
permeation, and the addition of two acetyl groups to produce heroin further increases
BBB permeation (Di and Kerns, 2016). Nevertheless, the molecular size of the target
metabolites was small. In this context, it has been reported by Di and Kerns, (2016) that
the more molecular size are reduced the good passive diffusion through lipid bilayer

membranes are improved.

-
HO O
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OH 4 H OH >':O

Morphine Codiene 10 times increase BBB Heroin 100 time increase BBB

Figure 6.3: The effect of lipophilicity on penetrating BBB (Di and Kerns, 2016).

6.4. Biosynthesis of the secondary metabolites

Most aromatic compounds, including phenols and flavonoids, are derived from shikimic
acid pathway in plants (Seigler, 1998). Vanillic acid and parahydroxybenzoic acid were
isolated in this study. Converti et al. (2017) reported that the biotransformation (Figure
6.4) of these compounds enabled vanillin synthesis from caffeic acid to ferulic acid, and
a subsequent oxidation of vanillin into a vanillic acid structure. In the case of
parahydroxybezoic acid, the formation of ferulic acid from caffeic acid followed another
schematic pathway, which was catalysed by the enzymatic oxidation of the bifunctional
peroxisomal enzyme (PhCHD) (Ni et al., 2015).
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Figure 6.4: Biosynthesis pathway of vanillic acid and parahydroxybenzoic acid via the
shikimate pathway (Ni et al., 2015).

Phytosterols were isolated from the three parts of the fruit of F. carica. Phytosterols are
compounds derived from the linear hydrocarbon squalene and are notable for their
significant structural diversity and numerous biological activities. Phytosterols are known
to biosynthesised via the mevalonic acid (MVA) pathway (Figure 6.5). The cyclisation
of the metabolite 2,3-oxidosqualene followed by rearrangements of the methyl units,
yielded various structures, mostly tetra- or penta-cyclic. 2,3-Oxidosqualene is an earlier
intermediate in the synthesis of plant steroids. In this case, 2,3-oxidosqualene is further
cyclised to the triterpene cycloartenol, which is then converted to the C-27 compound
cholesterol with the loss of three methyl groups (Springob and Kutchan, 2009). The
oxygen of 2,3-oxidosqualene is usually retained as a hydroxyl group on C-3 in both
triterpenes and steroids (Springob and Kutchan, 2009). In contrast to animals, where

cholesterol is the major sterol, many plant sterols are methylated or ethylated at C-24 of
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the side chain like in campesterol, sitosterol, and stigmasterol or even depolarised and

expanded by the oleanyl cationic structure to form as in lupeol and B-amyrin.

HO
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Figure 6.5: Biosynthesis of phytosterols via the MVA pathway (Hartmann, 1998;
Springob and Kutchan, 2009).

Nevertheless, the fatty acid of oleoyl-p-D-arabinoside 1.2 was isolated from the F. carica
mesocarp, and is known to be biosynthesised via the fatty acid synthesis pathway (Chow,
2008). As shown in Figure 6.6, the acetyl-CoA structure is formed into malonyl-CoA by
the acetyl-CoA carboxylase enzyme, at which point malonyl-CoA goes into the fatty acid
synthesis pathway to the synthesis of oleic acid (Chow, 2008) which is the aglycone

structure in oleoyl-B-D-arabinoside.
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Figure 6.6: Fatty acid biosynthesis. ACC: Acetyl-CoA carboxylase (Chow, 2008).
6.5. Significances and limitations

This study has several scientific strengths and limitations. This was the first research
activity on F. carica focusing on the relationship between the isolated active metabolites
and their anti-oxidant activities against the acrolein assay. The bioactive metabolites were
targeted from a chemometric data set, which revealed hidden relationships amongst
variables in an unbiased manner to classify metabolites to their antioxidative capacity.
Metabolomics has the great advantage to pinpoint target metabolites regardless of their
concentration in an extract or fraction, but with the limitation that low-yielding
compounds would be difficult to isolate (Tawfike et al, 2017; Kamal et al., 2016). In
conventional natural products isolation work, it is usually the case that unknowingly,
major components were prioritised for isolation while their bioactivity is being
misjudged; the potent component is actually present at very small concentrations. In this
study, some metabolites in the F. carica samples, apart from those elucidated, may have
been overlooked, and could have been in part responsible for the observed antioxidant
capacity. The problem of ion suppression or enhancement is often observed in different
types of ion sources employed in mass spectrometry. Depending on the ion source, some
compounds may or may not be detected, which affects the dereplication or metabolomic
profiling results. In this study, metabolomics tools were used to target the bioactive
metabolites on the basis of HRESI-MS (high resolution electrospray ionisation-mass
spectrometry). However, not all compounds will have the same capability to ionise in
all the different types of ion sources available. In ESI, the amount of charged ion in the
gas phase that ultimately reAChEs the detector is affected negatively or positively due to

the presence of less or more volatile compounds that can change or improve the efficiency
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of droplet formation (Morelato et al., 2013). In this case, it is impossible to detect all
metabolites from a single ion source, which pose a problem in untargeted metabolomics.
The isolated compounds posted in chapters 3 and 4 were not detected during the
dereplication step while other structurally related compounds were identified instead. The
structures of the isolated bioactive compounds were elucidated then confirmed by their
GCMS fragmentation profile and 2D NMR.

On the other hand, the findings supported the traditional use of this edible fruit as an
antioxidant, which is worth undergoing further, large-scale investigation. The use of an
in vitro cell line to investigate the cytotoxic effect demonstrated a dose-dependent
antioxidant effect. Thus, it would be relevant to use additional in vivo animal models to

provide a more comprehensive insight in the future.

6.6. Future work and recommendation

A drug discovery and development protocol approach was undertaken to develop lead
drugs with the active compounds isolated and identified from F. carica, as the global
scenario is now changing towards the use of non-toxic NP having traditional medicinal
use (Subash et al., 2017). Further evaluation and work needs to be carried out on F. carica
in order to explore their fully characterised active compounds, which can be used for the
well-being of the humankind as thoroughly illustrated in Figure 6.7. In addition, the
richness of lipids and phytosterols in F. carica extracts make this fruit as a future source
of natural triterpenoid-rich source that help and support the pharmaceutical industry in

the pharmaceutical production and marketing.
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Figure 6.7: A general scheme protocol for drug discovery and development from NP (F.
carica) using HTS.

6.7. Conclusion

In conclusion, phenolic, fatty acids and five major phytosterols compounds were isolated
in this study through Flash® chromatography and TLC. These identified secondary
metabolites demonstrated promising antioxidative activity against acrolein-induced
oxidative stress related to AD. These results were then subjected to HTS via
metabolomics, including dereplication, HCA, heat map, PCA, and OPLS-DA. In
addition, through the comparison of PCA and OPLS-DA, it was possible to identify
groups of chemical compositions with similar properties, and identify their associations
via HPLC-ESI-MS, GCMS, and NMR. Therefore, a combination of chromatographic
analysis, metabolomics, and spectroscopic analysis could be a useful method for
identifying the common (or distinctive) sample characteristics responsible for the
biological outcomes from a complex mixture. The combination of additional phytosterol
components contained in the extract may explain the noted biological activity including
cytotoxicity and antioxidative NQOL1 gene expression, contributing to the augmentation
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of the antioxidant effects. The findings of WB test have revealed compounds 2.6, 2.7, 1.3
and 2.1 to upregulate NQO1 antioxidant protein expression with a marked ability of
preventing cytotoxicity, being significantly more effective than the prototypes 1.1, 1.2,
3.2 and 3.3. However, further research is required in order to elucidate the correlation
between the chemical composition of the F. carica parts, and the manifested biological
activities, in terms of their molecular biology. Finally, the research filled many gaps
identified at the beginning of the project, and improved the general understanding of using
metabolomics to isolate and identify the chemical compositions which are most effective
for treating oxidative stress-related AD.
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