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ABSTRACT 

 There is growing interest in plants as a potential source of bioactive molecules with 

application in different areas, from cosmetics to pharmaceuticals, as well as in the food 

industry. It is possible to extract phytochemicals by different extraction techniques, as well as 

to isolate and determine their composition using characterization techniques. 

 Despite their high interest, many of the phytochemicals have some limitations on their 

potential use due to high volatility and/or easy degradation when exposed to air. In this 

perspective, nanoencapsulation of these compounds allows their preservation and controlled 

release in the body are currently of interest. 

 In this work three different species, Ginkgo biloba, Foeniculum Vulgare and Chelidonia 

majus. were subjected to Soxhlet extraction and the extracts obtained were purified and 

characterized. Ginkgolic acid, estragole and coptisine have been identified in Ginkgo Biloba, 

F. Vulgare and Chelidonia majus, respectively. In order to obtain derivatives of the isolated 

compounds reactivity studies were performed using ginkgolic acid and estragole. Methylated 

ginkgolic acid and dioxinone, as well as epoxide derivatives were obtained from ginkgolic acid 

and estragole, respectively. Characterization of the synthesized compounds was carried out 

using NMR (1H and 13C), and IR spectroscopies, HPLC-DAD and mass spectrometry. 

Extracts from F. vulgare and C. majus as well as estragole and coptisine were subjected 

to encapsulation assays using soybean lecithin by ethanolic injection method.  

Furthermore biological activity studies have been performed to assess the toxicity of 

the extracts/compounds obtained using AGS cell line through MTT and LDH assays.  
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RESUMO 

É cada vez maior o interesse nas plantas como potencial fonte de moléculas bioativas 

com aplicação em diferentes áreas, desde a cosmética aos fármacos, bem como na indústria 

alimentar. É possível extrair fitoquímicos por diferentes técnicas de extração, bem como isolar 

e determinar a sua composição recorrendo a técnicas de caracterização. 

Apesar do seu elevado interesse, muitos dos fitoquímicos apresentam algumas 

limitações quanto ao seu potencial, devido à elevada volatilidade, assim como à fácil 

degradação quando expostos ao ar. Nesta perspetiva, técnicas de nanoencapsulamento deste 

tipo de compostos que permitam a sua preservação e libertação controlada no organismo são 

atualmente alvo de interesse. 

Neste trabalho, três espécies diferentes, Ginkgo biloba, Foeniculum vulgare e 

Chelidonia majus foram submetidas à extração por Soxhlet e os extratos obtidos foram 

purificados e caracterizados. O ácido ginkgólico, o estragole e a coptisina foram identificados 

nos extratos de Ginkgo Biloba, F. vulgare e Chelidonia majus, respetivamente. De modo a 

obter derivados dos compostos isolados, realizaram-se estudos de reatividade utilizando o 

ácido ginkgolico e o estragole. O ácido ginkgólico metilado e a dioxinona, assim como o 

epóxido foram obtidos a partir do ácido ginkgólico e do estragole, respectivamente. A 

caracterização dos compostos sintetizados foi realizada utilizando as espectroscopias de RMN 

(1H e 13C), IV, HPLC-DAD e espectrometria de massa. 

Extratos de F. vulgare e C. majus, bem como estragol e coptisina, foram submetidos a 

ensaios de encapsulamento utilizando lecitina de soja por injeção etanólica. 

Foram ainda realizados estudos de atividade biológica para avaliar a toxicidade dos 

extratos/compostos obtidos utilizando a linha celular AGS através de ensaios de MTT e LDH. 
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1.1. PLANTS AS SOURCE OF PHYTOCHEMICALS 

 

 Plants are an inexhaustible source of natural products, many of them secondary 

metabolites, which humans use in a wide range of areas, including the food, cosmetics and 

perfumery industries. The group of compounds of secondary metabolism includes various 

pharmacologically active substances regularly employed as pharmaceuticals. Many of these 

natural substances are extracted from plants in the form of relatively complex extracts. 

 The metabolites found in plants can be divided into different classes of compounds: 

phenolics, alkaloids and terpenoids. 

 

1.1.1. Phenolic compounds 

 

 Phenolic compounds are one of the most widely occurring groups of phytochemicals, 

being of considerable physiological and morphological importance in plants. These type of 

compounds play an important role in growth and reproduction, providing protection against 

pathogens and predators1, in addition to their contribution towards the color and sensory 

characteristics of fruits and vegetables2.  

 Structurally, phenolic compounds comprise an aromatic ring, bearing one or more 

hydroxyl substituents, and range from simple phenolic molecules to highly polymerised 

compounds.3 

 This class is divided into subclasses such as flavonoids, phenolic acids, tannins, 

stilbenes, curcuminoids, coumarins, lignans, quinones, and others based on the number of 

phenolic rings and structural elements that link these rings.4 

 The classes listed below are the predominant ones in the composition of plant species, 

and some of them are studied in this work. 
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1.1.1.1. Flavonoids 

 Flavonoids lie in a group that occurs naturally in plants and there are more than 4,000 

phenolic compounds described.5 These compounds usually have the basic skeleton of 

phenylbenzopyrone structure (C6-C3-C6) 1 consisting of two aromatic rings (A- and B- rings) 

linked by three carbons that are usually in an oxygenated central pyran ring, C - ring (Figure 

1).6 According to the saturation level and opening of the central pyran ring, they are 

categorized mainly into flavones (basic structure, B ring binds to the 2 - position) 2, flavonols 

(having a hydroxyl group at the 3 - position) 3, flavanones (dihydroflavones) 4 and flavanonols 

(dihydroflavonols; 2 - 3 bond is saturated) 5, flavanols (flavan-3-ols 6 and flavan-3,4-diols; C-

ring is 1-pyran), anthocyanins (anthocyanidins 7; C-ring is 1-pyran, and 1–2 and 3–4 bonds are 

unsaturated).7 (Fig. 1). 

 

 

Figure 1. Structures of major groups/subgroups of flavonoids. 
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 Since they are known to be synthesized by plants in response to microbial infection8, 

it should not be surprising that they have been found in vitro to be effective antimicrobial 

substances against a wide array of microorganisms. Their activity is probably due to their 

ability to complex with extracellular and soluble proteins and also with bacterial cell walls, as 

described for quinones. More lipophilic flavonoids may also disrupt microbial membranes.9 

 

1.1.1.2. Phenolic Acids 

 Phenolic acids are a major class of phenolic compounds, widely occurring in the plant 

kingdom. As shown in Figure 2, predominant phenolic acids include hydroxybenzoic acids 

(e.g., p-hydroxybenzoic acid 8, protocatechuic acid 9, gallic acid 10, vanillic acid 11, and 

syringic acid 12) and hydroxycinnamic acids (e.g., p-coumaric acid 13, caffeic acid 14, ferulic 

acid 15 and sinapic acid 16).10 

 

 

Figure 2. Chemical structures of common phenolic acids. 

 

 Phenolic acids are highlighted as a subclass of phenolic compounds and they are one 

of the classes present in the species treated in this study. 
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1.1.1.3. Tannins 

 

 Tannins are natural, water-soluble, polyphenolic compounds with molecular weight 

ranging from 500 to 4,000, usually classified into two classes: hydrolysable tannins (gallo- 

17and ellagi-tannins 18) and condensed tannins (proanthocyanidins 19), Figure 3.11 

 

          

 

 

Figure 3. The basic skeletons and structures of hydrolysable 17 (di-O-galloyl--D-glucose, 
gallotannins), 18 (tellimagrandin II, ellagitannins) and condensed 19 (Procyanidin B2) tannins. 

 

 Many human physiological activities, such as stimulation of phagocytic cells, host-

mediated tumor activity, and a wide range of anti-infective actions have been assigned to 

tannins.12 
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1.1.2. Alkaloids 

 

 Alkaloids are amongst the isolated pure compounds from plants, a diverse class of 

nitrogen containing heterocyclic compounds with alkali-like chemical reactivity and 

pharmacological activity. Many alkaloids are toxic and consequently are used by plants to 

protect themselves against the aggression from other organisms, having this instinct action 

an important ecological function.13 

The alkaloids can be divided into different subclasses such as isoquinoline 20, indole 21, 

amide 22, quinolone 23, purine 24, monoterpene 25 and pyrrolidine 26 alkaloids (Figure 4).14 

 

 

Figure 4. Structure of isoquinoline 20, indole 21, amide 22, quinoline 23, purine 24, 
monoterpene 25 and pyrrolidine 26 alkaloids. 
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1.1.3. Terpenoids 

 

 Terpenes, also referred to as terpenoids or isoprenoids, constitute the largest class of 

natural products with more than 55,000 known compounds structurally diversified.15 These 

chemicals are part of the secondary metabolism of vegetal and animal species and are derived 

from C5 isoprene, whose molecular formula is C5H8. Typical structures contain carbon 

skeletons represented by (C5)n and are classified as hemiterpenes (C5), monoterpenes (C10), 

sesquiterpenes (C15), diterpenes (C20), sesterpenes (C25), triterpenes (C30) and 

tetraterpenes (C40) (Figure 5).16 A terpene containing oxygen is called a terpenoid. 

 

 

Figure 5. Structures of terpenes and terpenoids: isoprene (terpene unit 27), acyclic 
monoterpenes (myrcene 28), cyclic monoterpenes (limonene 29), bicyclic monoterpenes 
(careen 30), sesquiterpenes (farnesene 31), diterpenes (kahweol 32), triterpenes (lanosterol 
33), terpenoid (linalool 34). 
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 Growing interest in the clinical application of these compounds is assigned to their 

broad range of the biological properties that have been described, including cancer 

chemopreventive effects,17 antimicrobial, antifungal,18 antiviral,19 antihyperglycemic,20 

analgesic, anti-inflammatory21 and antiparasitic activities.22 

 

1.2. ESSENTIAL OILS 

 

 Essential oils (EOs), aroma or essence are the volatile odoriferous principles produced 

by plants and used since ancient times not only for their medicinal properties but also for their 

importance in the perfume and flavor industry.23 These are essentially produced by glandular 

trichomes and are synthesized for the purpose of protecting plants from various pathogens.24  

 Essential oils are found in various parts of plants, such as leaves, roots, barks, seeds, 

fruits and stalks, among others. They provide the essence, odor or taste of the plant and can 

be extracted by using various techniques, namely soxhlet extraction, hydrodistillation and 

steam distillation. The chemical composition of the essential oils can be complex, due to the 

number of different components, which may have promising chemical and biological 

properties.25 These natural mixtures may contain at about 20 to 60 components in very 

different concentrations. They are characterized by two or three major components in fairly 

high concentrations (20-70%) compared to other components present in trace amounts.26 

 Numerous literature publications on the composition of the various EOs, and their 

main components of economic interest are summarized by Bauer et al. 2001.27 The detailed 

compositional analysis of EOs is obtained through gas chromatography (GC) and mass 

spectroscopy.28 

 Table 1 and Figure 6 show the major components of several EOs and some selected 

structures, respectively. 
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Table 1. Major components of selected EOs.a 

Common 

name of EO 
Latin name 

Major 

components 

Composition 

(%)b 
References 

Cilantro 
Coriandrum 

sativum 

Linalool 

E-2-decanal 

26% 

20% 

Delaquis et al., 

200229 

Cinnamon 
Cinnamomum 

zeylandicum 

t-

cinnamaldehyde 
65% 

Lens-Lisbonne et 

al., 198730 

Oregano 
Origanum 

vulgare 

Carvacrol 

Thymol 

-Terpinene 

p-Cymene 

Trace-80% 

Trace-64% 

2-52% 

Trace-52% 

Lawrence, 198431; 

Daferera et al., 

200032; Demetzos 

and Perdetzoglou, 

200133; Marino et 

al., 199934 

Rosemary 
Rosmarinus 

officinalis 

-Pinene 

Bornyl acetate 

Camphor 

1,8-Cineole 

2-25% 

0-17% 

2-14% 

3-89% 

Daferera et al., 

2000, 200335; 

Pintore et al., 

200236 

a EOs which have been shown to exert antibacterial properties in vitro or in food models and for which the 
composition could be found in the literature. 
b Percentages of total volatiles rounded up to the nearest whole number. 

 

  

Figure 6. Chemical structures of some selected components of EOs, trans-cinnamaldehyde 35, 

carvacrol 36, 1,8-cineole 37, -terpinene 38, -pinene 39 e camphor 40. 
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 Essential oils, which can be obtained by hydrodistillation or extraction with solvents, 

are usually liquids at room temperature, not miscible with water, but miscible with organic 

solvents. In general, EOs are a mixture of compounds with their own physicochemical 

characteristics which combined give the oil a particular odor. The different aroma of the oils 

is fundamentally due to the variations in volatility and the relative concentration of their 

constituents.23. 

 The amount of EOs will depend on several factors, such as the organ where these 

compounds are produced, age, vegetative state, climate and soil composition. Oxidation, 

resinification, polymerization, ester hydrolysis and interaction of functional groups are some 

of the deterioration processes of the essential oils. These processes are activated by factors 

such as heat, oxygen, moisture and light.37  

 

1.3. SELECTED PLANTS SPECIES 

1.3.1. Ginkgo biloba L. 

 

 Ginkgo biloba L. (Figure 7) is one of the most widely used plants in the world in herbal 

medicines, dietary supplements or plant protection products. Although its natural habitat is 

China, Japan and Korea, it is believed to originate in the remote mountain valleys of eastern 

China's Zhejiang province.38,39 This plant is the only surviving species of the Ginkgoaceae 

family being often referred to as a "living fossil".40 

 

 

 

 

 

 

Figure 7. Ginkgo biloba L. tree and corresponding leaf. 
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 Several classes of constituents have been identified in this species, and a number of 

secondary metabolites have been reported, including terpenoids, polyphenols, allyl phenols, 

organic acids, carbohydrates, fatty acids, lipids, amino acids and inorganic salts.41 However, 

presenting as main constituents bioactive terpenes and flavonoids as shown in Figure 8. 42,43 

 

 

 

 

 

 

 

 

Figure 8. Terpenes 41 - 43 and flavonoids 44 - 47 present in the extract of G. biloba. 

 

 Among the most controversial compounds present in Ginkgo biloba are ginkgolic acids 

(GA) due to their diversity of properties (Figure 9). Ginkgolic acids are natural derivatives of 

salicylic acid with long chain alkyl substituents present in the ortho position relative to the 

carboxylic group, which usually contains 13 to 17 carbon atoms and between 0 to 2 double 

bonds.44 Due to the significant risk factors of ginkgolic acids, the content of these undesirable 

components in the standardized extracts of G. biloba is currently limited to <5 ppm in the 

European and North American pharmacopoeia.45 

 

 R1 R2 

p - Cymene 41 CH3 H 

Isopropylphenol 42 H OH 

Thymol 43 CH3 OH 

 R1 R2 R3 R4 

Kaempferol 44 OH H H H 

Quercetin 45 OH OH H H 

Mirecetin 46 OH OH OH H 

Luteonin 47 H OH H H 



Chapter 1: Introduction 

 

 

13 

 

Figure 9. Structures of the most abundant ginkgolic acids. 

 

 Thus, it is necessary to have a simple, sensitive and valid analytical method for the 

detection and quantification of each of the alkylphenols in commercial products, such as 

herbal medicines and dietary supplements. Numerous analytical techniques, including HPLC, 

GC, HPTLC, ELISA and NMR, have been proposed for the analysis of GAs. Comprehensive 

reviews of the chemical analysis (including alkylphenols) of G. biloba leaves, extracts and 

phytopharmaceuticals by van Beek criticized the various analytical approaches to GAs by 

2009.46,43 The main challenges for GAs analysis are (i) the low concentrations (<5 ppm) 

imposed by regulation for standardized extracts, (ii) the complex matrix of G. biloba plant 

samples and dietary supplements, (iii) the difficulties to obtain pure and authentic standards 

for identification and quantification purposes, and (iv) rigorous resolution requirements for 

the analysis of alkylphenol isomers. Often only the total concentration of all GAs in a given 

sample is determined. However, the exact role of the various isomeric GAs in the 

pharmacological effects of G. biloba have never been determined. Thus, any attempt to 

correlate a given pharmacological effect with a specific GA isomer will require an analytical 

method that allows the quantification of all GA isomers. Liquid chromatography is currently 

the analytical method of choice for GAs.45 

 Over the years the different activities of this class of GAs have been reported. Among 

the activities considered beneficial are antitumor, antidepressant, anti-HIV, anti-stress, 

antifungal, miticidal, insecticide and larvicidal.47,48 However, GAs can trigger allergic contact, 

cytotoxic, embryotoxic, immunotoxic, mutagenic and neurotoxic properties.49,50  

 Despite the broad spectrum of biological activities of GAs, their natural availability is 

very limited. As a result, many research studies at the synthesis level have been carried out in 

order to develop an efficient strategy to obtain the GAs for subsequent studies of biological 

activity.44 Tyman et al.51,52 applied a sequential alkylation and carboxylation of 2-fluoroanisole 

with alkylithium and carbon dioxide, followed by demethylation with boron trichloride, 
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affording GA (15:0) in a low yield. Then, the strategy of chain elongation of 6-methylsalicylate 

was used and resulted in higher yield of GA (15:0). Fürstner et al. concisely prepared GA (15:0) 

using the Suzuki cross-coupling reaction and directly constructed the side chain.53 Satoh et al. 

successfully synthesized GA (15:0)54,55 and GA (15:2)56 by annelation reaction of isoxazoles 

with ethyl acetoacetate and a Wittig reaction. 

 Yuanqing Fu et al.,44 after all previous findings, proceeded to GA synthesis (13:0) by 

two different synthetic pathways. A novel synthesis was successfully developed from 2,6-

dihydroxybenzoic acid involving a palladium catalyzed cross coupling reaction and catalytic 

hydrogenation in a total yield of 34% in five steps (Scheme 1). 
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Scheme 1. (a) Synthesis of trifluoromethanesulfonic acid 2,2-dimethyl-4-oxo-4H-1,3-
benzodioxin-5-yl ester 51. (b) Synthesis of GA (13: 0) 53 with 9-BBN. (c) Synthesis of GA (13: 
0) without 9-BBN. 
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 The preparation of compound 50 started with the ketalization of 2,6-dihydroxybenzoic 

acid 49 according to a procedure described by Hadfield et al.57 The remaining hydroxyl group 

of compound 50 was readily converted to triflate 51 as a colorless solid by treatment with 

trifluoromethanesulfonic anhydride and pyridine in anhydrous dichloromethane following the 

procedure set by Uchiyama et al. 58 GA (13:0) was obtained by two different routes, one 

involving 9-borabicyclo (3.3.1) nonane (9-BBN) and another without using 9-BBN. In the 

synthesis involving the 9-BBN a Suzuki cross-coupling reaction was attempted according to 

the Fürstner method.53 1-Tridecene borane was hydroborated with 9-BBN and 1-tridecane 

borane was generated in situ. The resulting alkylborane was treated with potassium carbonate 

to form the activated boron complex which then participated in the palladium catalyzed 

Suzuki coupling reaction as the nucleophile and coupled to triflate 51. The reaction in absence 

of 9-BBN involved the direct coupling of 1-tridecene and triflate, followed by catalytic 

hydrogenation. As expected, coupling of 1-tridecene and triflate proceeded gently to give 

compound 52a, in the presence of potassium carbonate and catalytic palladium chloride 

(dppf) under nitrogen in anhydrous DMF (Scheme 1 c). The reaction was completed in 12h. 

 A second method was achieved by Zhang et al. in order to understand the structure-

activity relationship for these compounds and to improve their molluscicidal activity. In their 

study a series of Z/E isomers of GA analogues with different chain lengths (5  13 carbon 

atoms) and phenyl rings based on one double bond have been synthesized from 6-

methylsalicylic acid.59 

 The unhydrolyzed mixtures of Z and E isomers 58a-g were synthesized from ethyl 6-

methylsalicylate according to the reaction sequence delineated in Scheme 2. These were 

separated by column chromatography on silica gel. Target compounds 61a-g, 62a-g were 

obtained by ester hydrolysis and extracted from acidic solution with chloroform. 
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Scheme 2. Synthesis of GA analogues from 6-methylsalicylate. a) (CH3CO)2O, H2SO4, 15 min, 
95%; b) CCl4, NBS, AIBN, 90%); c) Ph3P, 0 to 130ºC, CHCl3, (CH3CH2)2O, 98%; d) R-CHO, Et3N, 

DMSO, 125ºC, 21-26 h, 46.4  80%, e) separated by silica gel column chromatography with 

gradient mixtures of n-hexane-acetone (30:1); f) EtOH, NaOH. Reflux, 5  8h,83  96%. 

 

Concerning the importance of Ginkgo biloba, it displays a number of diverse biological 

activities, some of them presented in the following table (Table 2). 
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Table 2. Biological activities of Ginkgo biloba extract. 

Biological activity Reference 

Anti-Alzheimer 

Effective on presenile and senile primary degenerative dementia 

of the Alzheimer type and multi-infarct dementia according to 

DSM-III-R. 

Kanowski et al.60 

Efficacy in cerebral insufficiency 

Reduce corticosteroid production, improve cerebral blood flow, 

increase glucose uptake and utilization, ATP production, 

mitochondrial metabolism, and intra and extra-cellular ionic 

gradients 

Kleijnen el at.61 

Increase of blood flow 

Improve blood flow by increasing red blood cell deformability 

and decreasing red cell aggregation 

Dubey et al.62 

Antagonism and Anti-inflammatory Effect 

Possess very specific and potent antagonist activity against 

platelets aggregation factor, which may result in increased 

peripheral blood flow 

Braquet et al.63 

Anxiolytic activity. 

Ginkgolic acid exhibited anxiolytic activity 
Satyan et al.64 

Antioxidant 

Topically applied Ginkgo biloba leave extract induced superoxide 

dismutase and catalase enzyme activities locally in the epidermis 

and systemically in the liver, heart, and kidney of Sprague-Dawley 

rats 

Lin et al.65 
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1.3.2. Foeniculum vulgare Mill. 

 

 Foeniculum vulgare Mill., commonly known as fennel, is a medicinal and aromatic 

plant belonging to the family Apiaceae (Umbelliferaceae). It is a tough herb with yellow 

flowers and feathery leaves (figure 10).66  

 

 

 

 

 

 

 
Figure 10. Flowers and leave of F. vulgare. 

 

 F. vulgare is well known for its essential oil, which is responsible for its aniseed 

characteristic odor, excellent as flavoring agent in bakery products, food industry, ice cream 

and alcoholic beverages.67 The major components of this essential oil have been reported as 

trans-anethole, fenchone, limonene and estragole whose molecular structures are 

represented in Figure 11 and the remaining constituents are shown in Table 3.68 

 

  
Figure 11. Molecular structures of the main components of essential oil of Foeniculum 
vulgare. 
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Table 3. Extraction time and composition of essential oil of Foeniculum vulgare seed (5 kg), 
collected from cultivated plants in Sétif region (Eastern Algeria, 1096 m above sea level) during 
May 2007, through a hydrodistillation in a Clevenger - type apparatus.  

Compound Composition (%) 

 Extraction time (h) 2 3 4 6 8 

-Pinene 0.59 0.78 0.82 0.89 0.93 

Camphene 0.09 0.12 0.13 0.14 0.14 

-Phellandrene 0.23 0.27 0.27 0.28 0.28 

-Myrcene 0.39 0.43 0.44 0.46 0.45 

-Phellandrene 0.08 0.09 0.09 0.10 0.09 

1-methyl-4-(1-methylethyl)benzene 0.07 0.09 0.08 0.08 0.09 

Limonene 5.82 6.19 6.12 6.43 6.68 

3,7-dimethyl-(E)-1,3,6-octatriene 0.37 0.38 0.39 0.41 0.41 

3-Carene 0.10 0.11 0.11 0.12 0.12 

Fenchone 11.13 11.35 11.04 10.04 10.29 

Camphor 0.20 0.21 0.21 0.18 0.18 

Estragole 4.75 4.95 4.93 4.58 4.93 

Fenchyl acetate 0.12 0.11 0.11 0.13 0.12 

trans-Anethol 76.00 74.86 75.16 75.97 75.11 

Apiol 0.03 - - 0.04 0.03 

n-Hexadecanoic acid - 0.04 0.06 0.09 0.12 

 

 The relative concentration of these compounds varies considerably depending on the 

morphological status and origin of the fennel.69 The composition of the essential oil of F. 

vulgare exhibits considerable chemical diversity depending on the method of extraction and 

geographical origin. The accumulation of these volatile compounds within the plant is 

variable, appearing practically in any of its parts such as roots, stem, shoots, flowers and 

fruits.70  

 This herb is traditionally used as a treatment for colic, irritable bowel, kidneys, spleen, 

liver, lungs, suppress appetite, increase breasts, promote menstruation, improve digestive 

system, increase urine and milk flow.71 Several tests have shown that extracts of the fennel 
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fruit obtained with organic solvents, as well as its essential oil are beneficial to humans due to 

the various phytochemicals that can cure different diseases.72 Essential oil of this herbal plant 

was found to have different medicinal and antioxidant properties against some diseases. It 

has been shown that can be used as an antimicrobial agent against other species display an 

effect against Candida albicans and some other bacterial infections. Different pharmacological 

experiments in vitro and in vivo models have convincingly demonstrated the ability of the 

fennel to exhibit antifungal, antibacterial and antioxidant properties. 73,74 

1.3.3. Chelidonium majus L. 

 

 The greater celandine, Chelidonium majus L. of the family of Papaveraceae, which is 

widely distributed in Europe and Asia is a plant of great interest due to its use in the treatment 

of various diseases in European countries and in Chinese herbal medicine (Figure 12).75  

 

 

Figure 12. Leaves and flower of C. majus. 

 

 Its main constituents include isoquinoleic alkaloids, benzophenanthridine type 

(chelidonin 67, sanguinarine 68, chelerythrine 69, berberine 70, coptisine 71, 

didehydrochelidonine 72 and nitidine 73) from 0.3 to 1%; organic acids (malic 74, chelidonic 

75 and citric 76 acids), flavonoids (rutin 77 and quercetin 78), tectin, saponin and carotenoids 

(Figure 13).76  
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Figure 13. Selected molecular structures of the main components of C. majus. 
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 In Chinese herbal medicine, the C. majus is used to treat whooping cough, blood stasis, 

chronic bronchitis, asthma, jaundice, gallstones and gallbladder pains as well as to promote 

diuresis in edema and ascites.77,78 In homeopathic medicine, ultra-high dilutions (potencies) 

of C. majus extract are reputedly used against different forms of liver disorders including liver 

cancer.79 

 Table 4 shows biological activities of C. majus, as well as the constituent responsible. 

 The alkaloids present in C. majus have been thoroughly studied and their potential 

application as anticancer agents has been reported. 80,81 The antiproliferative effects of C. 

majus were evaluated in vitro in human keratinocyte cell lines of rapid multiplication, resulting 

in IC50 of 1.9 μg/mL for dry extract containing 0.68% of alkaloids expressed in chelidonine. 

Sanguinarine, chelerythrine and chelidonine showed IC50 values of 0.2, 3.2 and 3.3 μM, 

respectively, whereas berberine presented only low potency with an IC50 of 30 μM. The lactate 

dehydrogenase assay showed cytostatic activity rather than cytotoxic activity.82 Most in vitro 

studies suggest that sanguinarine, chelidonine, cheleritrine and berberine are responsible for 

the antitumor effect of C. majus extract. The strongest antitumor agent found of the foregoing 

compounds was the sanguinarine, which strongly intercalates with the DNA. Chelidonine, 

chelerythrine and berberine are also active but less potent than sanguinarine.83 
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Table 4. Biological activities of some greater constituents present in C. majus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Constituents Biological activity References 

Chelidonine 67 

Anticancer 

Hepatopretective 

Anti-alzheimer 

El-Ready et al.84 

Paul et al. 85 

Cahlíková et al.86 

Chelerythrine 69 

Anti-inflammatory 

Anti-alzheimer 

Anticariogenic 

Nephroprotective 

Antimycobacterial 

Gastroprotective 

Li et al.87 

Brunhofer et al.88 

Cheng et al.89 

Parlakpinar et al.90 

Liang et al.91 

Li et al.92 

Dihydrochelerythrine 

75 

Antifungal Feng et al.93 

Anticancer Vrba et al.94 

Sanguinarine 68 

Antibacterial Beuria et al.95 

Anticancer Vrba et al.96 

Anti-inflammatory Niu et al.97 

Antiplatelet Jeng et al.98 

Anti-alzheimer Kuznetsova et al.99 

Berberine 70 

Antimicrobial Schmeller et al.100 

Anticancer Hattori et al.101 

Antiangiogenic Hamsa et al.102 

Hepatoprotective Domitrovic et al.103 

Antiviral Hayashi et al.104 

Anti-alzheimer Kuznetsova et al.105 

Anti-inflammatory Hamsa et al.102 

Coptisine 71 

Anti-inflammatory Guo et al.106 

Cardioprotective Guo et al.106 

Antinephritic Hatori et al.107 

Vasorelaxant Gong et al.108 
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1.4. EXTRACTION TECHNIQUES OF VEGETABLE MATTER 

 

 Several methods using organic and/or aqueous solvents are employed in the 

extraction of natural products. Solvent extraction relies on the principle of either liquid–liquid 

or solid–liquid extraction. In solid–liquid extraction, the plant material is placed in contact with 

a solvent. Although the whole process is dynamic, it can be simplified by dividing it into 

different steps. In the first instance, the solvent diffuse into cells, in the following step it has 

to solubilize the metabolites, and finally it diffuse out of the cells enriched in the extracted 

metabolites.109  

1.4.1. Maceration 

 

 The process of maceration is a very simple extraction technique based on the dissolution 

of the sample in a solvent, by stirring the closed container where the sample was inserted.110 

 Extraction stops when the equilibrium between the concentration of metabolites in 

the extract and in the plant material is reached. After extraction, the residual material of the 

plant should be separated from the solvent (decantation and filtration). 

 The disadvantage of maceration is that the process is quite time-consuming, taking 

several hours or even several weeks. Exhaustive maceration can also consume large volumes 

of solvent and can lead to potential loss of metabolites or plant material.109 

1.4.2. Steam Distillation 

 

 In steam distillation the sample is placed on a column where the lower part is 

connected to a flask with water under heating and the upper part is connected to a 

condenser.111 The vapor which is produced passes through the sample, carrying with it the 

essential oils to the condenser, which will cause condensation of the water-oil mixture. At the 

end, these two phases can be separated by liquid-liquid extraction (Figure 14). 
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Figure 14. Experimental setup used in steam distillation.112 

1.4.3. Hydrodistillation 

 

 Unlike steam distillation, hydrodistillation is characterized by the direct contact 

between the solvent and the plant material (Figure 15), that is, the raw material is submerged 

in water, which is boiling.113 Thus, the cell walls will be broken and the oil will be evaporated 

along with the water, and then condensed into a mixture of water vapor and volatile 

compounds of the vegetable raw material. However, since these two phases (volatile 

compounds and water) are immiscible, it is possible to make a further separation according 

to the difference in density.114 

 

 

Figure 15. Schematic representation of hydrodistillation. 
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 This technique proved to be inexpensive but, in contrast, it is not selective, since it 

causes the waste of large amounts of compound in the solvent, that is, part of the extract can 

be lost in the aqueous phase, giving lower yields.115,116 

1.4.4. Soxhlet Extraction 

 

 In the Soxhlet extraction technique, the sample is not placed directly in contact with 

the heat source, but in the Soxhlet extractor (Figure 16), being in contact with the organic 

solvent when it is evaporated. As a result, this extraction method allows the sample to be 

permanently in contact with a given quantity of fresh solvent and, at the end of the process, 

it is not necessary to carry out a filtration, leading to higher yields.117 

 

 

Figure 16. Schematic representation of extraction by Soxhlet. 

 

 However, in comparison to the other traditional methods, this is a time-consuming 

method that causes large quantities of solvent to be wasted, since it does not allow agitation 

that would speed up the process. The main counterpart of using organic solvents is that they 

may cause chemical changes or cause toxic effects on the final product, and final extract may 

have undergone changes in its taste or aroma.114 
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1.4.5. Other extraction techniques 

 

 In addition to the above mentioned extraction techniques, in recent years more 

innovative techniques have been applied, being the highlighted microwave assisted processes 

(MAP) and the extraction with supercritical carbon dioxide. 

 In the MAP the microwaves are used to excite the molecules of water existing in the 

vegetal tissues, resulting in the breakdown of cells and, consequently, in the release of 

essential oils.118 

 The extraction with supercritical carbon dioxide is promising, since the carbon dioxide 

is an inexpensive solvent with little odor or taste and, in addition, is capable of penetrating 

into the vegetable samples in an easy way and then being removed without leaving any kind 

of waste. 

 Compared to other extraction techniques, the latter method, while requiring a high 

investment in the necessary equipment, proved to have lower energy costs in the long run.119 

1.5. NANOENCAPSULATION 

 

 The application of essential oils focuses mainly on the food, pharmaceutical and 

cosmetic industries. However, these compounds are extremely sensitive to environmental 

factors such as oxygen, light, moisture and heat.120,121 These disadvantages can be avoided by 

incorporating the compounds into nanoencapsulation systems, allowing the preservation and 

controlled release of these compounds. The encapsulation of molecules with biological 

activity thus increases their life span and changes the way they interact with the surrounding 

environment, increasing thermal stability and chemical protection.122 

 Nanoencapsulation of active compounds involves the formation of particles with a 

diameter between 1 and 1000 nm. The nanoparticles can be either solid (e.g. solid lipid 

nanoparticles, SLN), or soft condensed (e.g. vesicles, microemulsions), have a submicron size 

and may or may not be biodegradable. The term nanoparticle encompasses nanospheres and 

nanocapsules (Figure 17). The nanospheres have a matrix-like structure and the active 
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compounds can be adsorbed on the surface of the bead or encapsulated within the particle. 

On the other hand, nanocapsules are usually vesicular systems in which the active compound 

is immersed in a liquid, within a cavity, surrounded by a polymeric membrane, or transported 

in the membrane.123,124 

. 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Different encapsulation structures for bioactive oils, comparing loaded and 
unloaded nanosystems.125 
 

 The system used to encapsulate a sample depends on its size, shape and nature, as 

well as the intended end use. As such, lipid-based or chitosan-based nanosystems are two of 

the most used encapsulation systems for essential oils (Figure 18). 
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Figure 18. Schematic illustration of lipid-based and chitosan-based nanosystems for 
encapsulation of essential oils.120 

 

 Nanoparticles are receiving increasing interest for release of bioactive agents, and they 

have several advantages over microparticles and liposomes. According to the literature, they 

allow a greater therapeutic efficacy occurring controlled release of drugs/compounds, a safe 

administration and lower doses, have low toxicity and high selectivity, remain in circulation 

longer and can incorporate both hydrophilic and lipophilic substances. Submicron size allows 

for greater intracellular absorption compared to microparticles. In addition to size, 

composition and charge also influence the absorption through the intestinal epithelium.123,124 

 The growing interest in the development of nanoparticles lies in the fact that they 

require little toxic reagents and simple processes of formation. Moreover, they are safe and 

allow high efficiency in the delivery of the drug to its target. 

1.5.1. Lipid-based nanosystems 

 

 Within lipid-based nanosystems, there are different structures, the most used being 

liposomes (LPs) and nano- or microemulsions. Liposomes (LPs) are an association of 

amphiphilic lipids that spontaneously organize into bilayer vesicles. Thus, in this case, the 
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stored bioactive compounds are protected from degradation and their solubility may be 

enhanced. 

 Another case is the nano- or microemulsions, which are homogeneous dispersions of 

two immiscible liquids, being stabilized by a film of surfactants. These particles do not require 

large amounts of energy to form the emulsion, since they form spontaneously when they 

encounter aqueous or oily components. By contrast, their formation requires high 

concentrations of surfactant, which may cause toxicity. 

 

1.5.2. Chitosan-based nanosystems 

 

 Chitosan is a polysaccharide consisting of a combination of monosaccharides (2-

amino-2-deoxy-β-D-glucan) by β1 → 4 glycosidic bonds and, given the primary amine groups 

it possesses, it has a wide interest in pharmaceutical applications.121 

 In the encapsulation process, these nanoparticles control the release of bioactive 

compounds, dispense the use of organic solvents (as they are soluble in acidic aqueous 

solutions) and retain multivalent anions, thanks to their cationic nature. In addition, the 

characterization of chitosan can be made by its molecular weight, which provides better 

control of the formation of nanoparticles. 
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2.1. INTRODUCTION 

 Plants are a major source of natural products, with a large application in many 

industries, such as food and cosmetics, and due the presence of many biological active 

substances, they are also of great interest for medicinal and agriculture industries. 

 The present project consisted in the extraction of various less studied vegetable 

species, characterization of the chemical composition of the extracts obtained, and evaluation 

of their potential biological activity. Studies on the encapsulation of most promising extracts 

were carried out, as well as the synthesis of analogues of ginkgolic acid, a very toxic and less 

available compound isolated from G. biloba leaves. 

 This work is part of a recently funded FCT project (PTDC/ASP-AGR/30154/2017), which 

main application interests are related to environment-friendly preservatives and biopesticides 

preparation. 

 

2.2. EXTRACTIONS 

 Among the various techniques used in the extraction of natural compounds from 

vegetable matter, Soxhlet extraction was the selected technique. 

 The method of extraction by Soxhlet, as already mentioned, uses specific equipment 

called Soxhlet extractor, consisting of three main sections: a percolator (distillation flask and 

reflux condenser), where solvent reflux occurs; a cellulose cartridge, whose function is to 

retain the solid particles (vegetable matter); and a siphon, which empties periodically the 

chamber where the cartridge is placed (Figure 16). 
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2.2.1. Extraction of Ginkgo biloba components 

 

 The fresh Ginkgo Biloba leaves collected in Braga were subjected to Soxhlet extraction, 

using dichloromethane as solvent, affording an extract as a greenish oil. The 1H NMR spectrum 

analysis revealed the presence of a 15:1 ginkgolic acid, trivial name for 2-hydroxy-6-

(pentadec-8-en-1-yl)benzoic acid 79, in its composition as a major constituent (Figure 19). 

 

 

Figure 19. Chemical structure of 2-hydroxy-6-(pentadec-8-en-1-yl)benzoic acid 79. 

 

 1H NMR spectra showed signals corresponding to the aliphatic side chain such as the 

terminal methyl group as a multiplet ( 0.86 - 0.94 ppm), the methylene groups as multiplets 

( 1.26-1.35, 1.54-1.68 and 1.99-2.08 ppm), the protons to the double bond present at C8 - C9 

as a triplet ( 5.35 ppm, with J = 4.8 Hz), as well as the aromatic protons, namely H-5 and H-3 

as a doublets of doublets ( 6.77 ppm, with J = 7,6 and 0.8 Hz;  6.87 ppm, with J = 8.4 and 1.2 

Hz, respectively), and H-4 as a triplet ( 7.36 ppm, with J = 0.8 Hz). In addition the proton of 

hydroxyl group of the carboxylic acid was also visible as a broad singlet ( 11.12 ppm). 

 13C NMR spectra showed the presence of signals corresponding to the aliphatic side 

chain, such as the terminal methyl group ( 13.97 ppm), the methylene groups ( 29.23, 29.47, 

29.58, 29.62, 29.68, 29.75, 29.80, 31.95 ppm), the C8-C9 of the double bond ( 129.87, 129.89 

ppm), as well as the aromatic carbons, namely C-5, C-3 and C-4 ( 122.66, 115.77 and 135.21 

ppm, respectively), in addition to the signal of carbonyl group ( 175.25 ppm) 

 The presence of GA was also confirmed by high resolution mass spectrometry (ESI), 

where a fragment corresponding to the exact mass (347.25779) was obtained. 
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2.2.2. Extraction of Foeniculum vulgare Mill. components 

 

 Fresh F. vulgare collected in Braga was subjected to Soxhlet extraction using 

dichloromethane as the solvent. The extract was obtained as a greenish oil. The analysis of 

the 1H NMR spectrum revealed the existence of a mixture of compounds, which was further 

purified by dry flash chromatography. It was possible to isolate one of the major components 

of the fennel, the estragole 66 (trivial name for 1-allyl-4-methoxybenzene) (Figure 20). 

 

 

Figure 20. Chemical structure of 1-allyl-4-methoxybenzene 66. 

 

 The main characteristics of the 1H NMR spectrum of compound 66 are the presence of 

a singlet ( 3.80 ppm) corresponding to the methoxy protons, two multiplets ( 5.02 - 5.11 

ppm, CH2; 5.90 - 6.02 ppm, CH) of the protons of the double bond of the side chain, and the 

aromatic protons H-3 and H-5 ( 6.85 ppm, as a doublet with J = 8.4 Hz), as well as H-2 and H-

6 as a doublet ( 7.11 ppm with J = 8.4 Hz).  

 A GC-APCI-QTOF analysis of the DCM extract of F. vulgare was performed (Figure 21). 

Three main components are present in this sample, with m/z of 153.1269, 149.0958 and 

445.1200. After comparison with the components identified in the literature, it is possible to 

affirm that peak 1, with mass 153.126 corresponds to fenchone 64 and peak 2, with m/z 

149.06, corresponds to estragole 66. 
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Figure 21. Chromatogram of F. vulgare extract in GC-APCI-QTOF analysis. 

2.2.3. Extraction of Chelidonium majus components. 

 

 In the case of C. majus, this was initially dried in a greenhouse at a temperature of 40-

45°C over a period of 24 hours. The material was then grounded and sieved with a sieve with 

a pore size of less than 910 μm, and used for subsequent extractions. Two distinct strategies 

of Soxhlet extraction were carried out based on different polarity solvent types (Figure 22).  
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Figure 22. Scheme of extractions by Soxhlet performed with C. majus. 

 

 Firstly, extraction was carried out through Soxhlet using ethanol as solvent, and a 

green oily solid E1 was obtained. As a complex mixture of compounds was determined by 1H 

NMR and TLC, it was decided to carry out a method of selective extraction with solvents of 

increasing polarities, in order to obtain purer extracts. The obtained ethanolic extract was 

suspended in distilled water and the solvent was added (petroleum ether, ethyl ether, ethyl 

acetate and dichloromethane) to a separation funnel. The first solvent used was petroleum 

ether, as the less polar, affording a green oily solid. This procedure was repeated with ethyl 

ether and ethyl acetate to give also green oily solids. Finally, dichloromethane was used 

affording a yellow solid. The remaining aqueous phase obtained after the washings, afforded 

a yellow solid. All obtained extracts were analyzed by 1H NMR but showed to correspond to 

mixtures, which was also confirmed by TLC analyses.  

 Considering the results obtained, a Soxhlet selective extraction of C. majus was 

performed. For this, a Soxhlet extraction of the dried vegetable matter with dichloromethane 

was carried out, obtaining a green oily solid extract E2 containing less polar components. Then, 

using the same cartridge of vegetable matter, a new extraction was carried out using a more 

polar solvent, ethanol, giving also a green oily solid extract E3 (Table 5). The 1H NMR spectra 

of both different extracts were carried out and after analyzing and comparing them with the 

TLC it was decided to proceed to a chromatography column of the ethanol extract E3 as it 
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appeared to have a smaller number of components and a better separation thereof. However, 

before the chromatography dichloromethane was added to the residue and it was found that 

the portion of the extract not soluble in dichloromethane was a yellow solid, which remained 

attached to the flask. The solid was separated and since its TLC seemed promising it was 

chosen for purification by column chromatography. Compound 71, coptisine, was isolated 

with an eluent mixture of DCM: EtOH (95:5) as a yellow - orange solid, which was fully 

characterized by 1H and 13C NMR spectroscopy and high resolution mass spectrometry. 

 

 

Figure 23. Coptisine 71, isolated through C. majus extract. 

 

 1H NMR spectra showed signals of the methylene groups in position 7 and 6 as triples 

( 2.49 and 4.85 ppm, respectively), as well as positions 2 and 10 of oxolo rings, as singlets ( 

6.15 and 6.51 ppm). In addition all the aromatic protons are visible, with H-8 and H-12 

appearing as singlets ( 7.06 and 7.76 ppm, respectively), H-15 and H-14 shown as doublets ( 

8.4 and 8.8 ppm, respectively), and H-13 and H-4 as singlets ( 8.91 and 9.9 ppm, respectively). 

 13C NMR spectra is also compatible with structure 71, showing the carbons of 

methylene groups in positions 7, 6, 2 and 10 of the heterocyclic system ( 26.35, 55.22, 102.17 

and 104.56 ppm). In addition, the aromatic carbons are also visible, C-12, C-8, C-14, C-13, C-

15 and C-4 ( 105.39, 108.52, 120.58, 121.07, 121.85, 144.62 ppm, respectively).  

 The presence of compound 71 was also confirmed by high resolution mass 

spectrometry (ESI), where a fragment corresponding to the exact mass (320.0917) was 

presented. 
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Table 5. Data of Soxhlet extractions C. majus: solvent, mass of the vegetable matter, mass 
obtained, percentage of mass obtained and color of the different materials obtained. 

Solvent 
Mass of vegetable 

matter (g) 
Obtained mass (g) % Mass Color 

E1 8.024 2.935 37 Green oily solid 

E2 

8.088 

0.722 8.9 Green oily solid 

E3 
0.182 2.3 Yellow solid 

0.155 1.9 Green solid 

2.3. SYNTHESIS OF ANALOGUES 

2.3.1. Synthesis of ginkgolic acid analogues 

 

 GA is known to be very toxic126 which for most purpose is a disadvantage but could 

represent a good choice as a starting material for the synthesis of analogues with potential 

application as biopesticides for example. 

 Despite the broad spectrum of biological activities of GA, its natural availability as well 

as its synthetic derivates are very limited. Considering these facts, the present work aimed to 

functionalize the GA previously isolated from G. Biloba for the exploration of the reactivity of 

different parts of the molecule in order to obtain derivatives. In this sense, reactions involving 

the carboxylic acid (esterification and coupling), the double bond present in the side chain 

(epoxidation) and the hydroxyl group (acylation and alkylation) were selected for the 

preparation of analogues (Scheme 3).  
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Scheme 3. Reaction scheme of the desired GA analogues. i) esterification, ii) coupling, iii) 
epoxidation, iv) acetylation, v) alkylation and vi) protection. 

 

 The analogues obtained are intended to use in biological assays and consequently 

correlate the structural changes with cellular viability. In the future, this work is aimed at 

adding molecular modelling chemistry in order to determine which functionalization will be 

more favorable for the selected application area. 
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2.3.1.1. Attempting esterification of ginkgolic acid 

 

 Initially, reactions involving the carboxylic acid functionalization were performed. In a 

first attempt thionyl chloride and the methanol were used, but the corresponding methyl 

ester was not formed, as confirmed by 1H NMR that showed a complex mixture. Since the 

reactivity of the carboxylic acid function is low and consequently its substitution is difficult 

due to the presence of an acidic proton and a weak leaving group, its conversion in the acyl 

chloride is preferable in the synthesis of ester derivatives. Thus, the strategy is to react GA 

with thionyl chloride to form the corresponding chloride compound 87. The compound 

formed in situ would then be reacted with methanol, whereupon the substitution occurs and 

the final esterified compound 80 would be formed. 

 

 

Scheme 4. Attempt to esterify ginkgolic acid using thionyl chloride and methanol. 

 

 However, the esterification reaction under these conditions was not efficient and the 

esterified GA was not obtained. Attempts were made to optimize the conditions, and the 

reaction was firstly carried out using 2 eq. of thionyl chloride instead of 1 eq. and the 

temperature was increased to 20°C. As the reaction was not efficient, 4 eq. of thionyl chloride 

but again the product was not formed. As a last attempt, the reaction was performed using 
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triethylamine, with the initial reaction conditions, but the reaction did not work as confirmed 

by 1H NMR which indicated a complex mixture. 

 

2.3.1.2. Attempting coupling of ginkgolic acid using DCC 

 

 The reaction between the ginkgolic acid and the phenylalanine methyl ester 

hydrochloride was then attempted (Scheme 5), using N, N’-dicyclohexylcarbodimide (DCC)/1-

hydroxybenzotriazole (HOBt) as coupling agents. 1H NMR data showed that product 81 was 

not obtained. 

 

 

Scheme 5. Coupling attempt of ginkgolic acid 79 with phenylalanine methyl ester 
hydrochloride. 

2.3.1.3. Attempting epoxidation of ginkgolic acid 

 

 After the failure of previous attempts of functionalization of the carboxylic acid, it was 

decided to study the reactivity of the double bond of the lateral chain of GA. 

 Epoxidation reaction of the double bond present in the side chain was performed (C8-

C9), using meta-chloroperoxybenzoic acid (m-CPBA) as the oxidizing agent. The reaction was 

allowed to stir at 60°C for a period of 24 hours, but after work-up there was no formation of 

the desired product (Scheme 6). 
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Scheme 6. Attempted epoxidation of ginkgolic acid 79. 

 

2.3.1.4. Attempting acetylation of ginkgolic acid 

 

 As the reactions in the previous functional groups did not succeed, hydroxyl group was 

the next part of the molecule to be studied, namely through acetylation and alkylation 

reactions. 

 In the case of the acetylation, GA was reacted with acetic anhydride in the presence of 

concentrated sulfuric acid. This reaction was reported using salicylic acid as the starting 

material. In the case of GA, the alkylated product was not obtained as found by 1H NMR, which 

indicated a complex mixture of compounds. 

 

 

Scheme 7. Attempted epoxidation of ginkgolic acid 79. 
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2.3.1.5. Alkylation of ginkgolic acid 

 

 Two alkylations were then carried out by distinct methods, since one of the alkylations 

was not achieved. 

 Initially, in order to obtain compound 85 the alkylation, described by Kazemi et al., of 

GA was performed using tetrabutylammonium iodide (TBAI) and DMSO followed by the 

addition of potassium carbonate and methyl iodide. At the end of the reaction time, it was 

found that the achievement of the desired compound did not succeed (Scheme 8). 

 

 

Scheme 8. Alkylation of ginkgolic acid 79. 

 

 With the results obtained and after some bibliographical research, a different GA 

alkylation approach was attempted. 

 Jana et al.,127 performed an alkylation reaction of the salicylic acid forming two distinct 

phases in the reaction mixture, thereby obtaining the respective alkylated derivative in 90% 

yield. 

 GA alkylation reaction was performed using this method. Initially, perfluorohexane, 

1,2-dibromoethane and dimethyl sulfate were added to form two distinct phases in the 

reaction mixture. After checking the formation of this separation, the GA and triethylamine 

were added. The product obtained was then purified by dry flash column chromatography and 
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the compound 85 was isolated using a mixture of petroleum ether: dichloromethane (1:1) as 

eluent. 

 The 1H NMR spectrum of the product obtained shows the presence of a mixture of 

compounds. Main features are a duplication of signals in different parts of the spectrum, 

namely two singlets corresponding to COOH ( 11.11 and 10.97 ppm), as well as two triplets 

corresponding to the Ph-CH2 protons ( 2.96 and 2.89 ppm), indicating the presence of two 

structurally similar compounds in a ratio 2:1. It is also possible to observe the presence of a 

singlet, which should correspond to the OCH3 ( 3.96 ppm), compatible with the expected 

product. 13C NMR spectrum shows also a duplication of most signals, supporting also the 

presence of two compounds structurally similar.  

 TLC analysis of the reaction mixture confirmed the absence of starting material 

showing only a major spot (Rf = 0.59 in DCM) even with different types of eluent, suggesting 

that both compounds should have similar polarity. Further analytical data, namely HPLC-DAD 

and HRMS are needed for confirmation of the compounds present. 

 

2.3.1.6. Ginkgolic acid protection reaction 

 

 A possible explanation for the unsuccess of the previous attempts may be related with 

the formation of hydrogen bonds between the OH group and COOH group, forming a 6-

membered ring and avoiding further reactivity under standard conditions. Another reason 

may be the size of the side chain containing a total of 15 carbons, presenting only a double 

bond, which may decrease the reactivity of the CO2H and OH. Facing these results, a possible 

strategy to overcome this lack of reactivity is the protection of these groups in order to allow 

the reactivity on other parts of the molecule, particularly on the double bond. 

 Fu et al.44 suggested, as discussed above, a method of reactional pathways to obtain 

GA in the laboratory. This same reaction was attempted in this work using GA (15:1). This 

reaction consists of a reaction involving GA, DMAP and DME followed by the addition of 

thionyl chloride and acetone. After the reaction, the product obtained was subjected to a silica 

gel column chromatography and the protected derivative of the ginkgolic acid was isolated 
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(elution with petroleum ether: ethyl ether (9: 1) (Scheme 9). Compound 86 was obtained as 

colorless oil in 51% yield. 

 

 

Scheme 9. Ginkgolic acid 79 protection reaction. 

 

 Structural information about compound 86 was obtained using 1H- and 13C- NMR. 

Concerning the signals referring to the 1H spectrum, the main features are the signal at 1.70 

ppm, which corresponds to a total of 6 protons, for the two methyl groups of the acetal, 

function matching the disappearance of the signals corresponding to the hydroxyl proton of 

the carboxylic acid group. It is also possible to observe in the 13C spectrum the 25.63 ppm 

signal corresponding to the carbons of two methyl groups. 

 

2.3.2. Estragole 

 

 Estragole was the major compound obtained from fennel; structurally estragole is a 

phenylpropene, having a double bond, which has potential for further functionalization, 

namely through epoxidation reaction. The epoxide itself can also be reacted with various 

nucleophiles (O-, N- and S-) in order to obtain the corresponding analogues, according to 

Scheme 10.  
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Scheme 10. Synthesis of estragole analogues through epoxidation followed by nucleophilic 
attack. 

 

2.3.2.1. Epoxidation of estragole 

 

 

Scheme 11. Epoxidation of estragole. 

 

 The first epoxidation reaction of estragole was carried out using m-CPBA as the 

oxidizing agent, at 60°C for 24 hours. TLC showed that no reaction occurred. 

 As an alternative to m-CPBA, oxone was used as epoxidizing agent. Initially the 

estragole was dissolved in ACN and water, followed by the addition of trifluoroacetone, 

sodium hydrogen carbonate and oxone. 1H NMR, after dry flash chromatography, confirmed 

that no reaction occurred due to the existence of complex mixtures. 

 A third epoxidation attempt was carried out using m-CPBA in the presence of 

perfluorohexane. The reaction product was subjected to a dry flash chromatography and the 
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product was eluted with ethyl ether-ethyl ether (1:1). The 1H NMR spectra of the product 

shows the presence of the 2-(4-methoxybenzyl)oxirane 89 through the signals of the CH of 

oxirane as a multiplet ( 3.12-3.11 ppm), and two new signals as doublet of doublets ( 2.88 

and 2.44 ppm).  

 

2.4. NANOENCAPSULATION STUDIES 

 

 Encapsulation assays were performed using liposomes of a natural lipid mixture, soy 

lecithin (Sternchemie) and the ethanolic injection method for lipid incorporation in aqueous 

media. The natural and economical choice of lecithin has already demonstrated good 

potential in the encapsulation of textile dyestuffs for dyeing.128,129 Lecithin has emulsifying 

properties and is a surfactant. It can be totally metabolized by humans and is therefore well 

tolerated and non-toxic when ingested. In aqueous solution, their phospholipids can form 

liposomes, micelles or lamellar structures, depending on hydration and temperature. Lecithin 

is present, among other foods, in eggs, milk, sunflower and soybeans, with lecithin being the 

lipid used in this work for the encapsulation of the compounds.130 

The method used in this work for the encapsulation of the compounds was the 

ethanolic injection. This is a method previously proven as a methodology that allows high 

encapsulation efficiencies of hydrophobic/lipophilic compounds.131 

2.4.1. F. vulgare-related nanoencapsulation 

 

 In the case of F. vulgare, encapsulation tests of its extract in dichloromethane as well 

as of the isolated compound from the extract, were carried out. For this, solutions of the two 

samples were initially prepared and diluted to 8x10-4 M. The absorption and fluorescence 

spectra were then plotted for each of the samples (Figure 24).  
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                                       i)                                                                                      ii) 

 
 
 
 
 
 
 
 
 

                                     iii)                                                                                      iv) 
 
Figure 24. i) Absorption spectrum of F. vulgare extract; ii) Fluorescence spectrum of F. vulgare 
(excitation at 262 nm) at concentration 5x10-5 M. iii) Absorption spectrum of the estragole 66; 
iv) Fluorescence spectrum of the estragole 66 (excitation at 260 nm) at concentration 5x10-5 
M. 
 

The absorption and fluorescence spectra in the UV region are characteristic of the 

aromatic moieties of estragole presented in the F. vulgare extracts.  

Dilutions were then carried out at concentrations of 1.0×10-6 - 4.5×10-5 M for 

calculation of the calibration curves and determination of the encapsulation efficiency (Figure 

25). The concentration of the encapsulated extract was determined by the Beer-Lambert law:  

𝐴 = 𝜀 𝑙 𝑐 

where A is the absorbance, ε is the molar absorption coefficient, l is the cuvette optical path 

(1 cm, in this case) and c is the concentration of the sample. 

 The encapsulation efficiency was determined by following equation and the results are 

summarized in Table 6 for all the extracts used. 
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                    𝐸𝐸(%) =
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 −  𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑛𝑜𝑛𝑒𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡
× 100 

 

 

Figure 25. Calibration curve for F. vulgare (absorbance vs. concentration). 

 

Table 6. Results obtained through the encapsulation of the F. vulgare extract: wavelength, 
absorptivity and encapsulation efficiency. 

Extract Wavelength (nm) 𝜀 (M-1 cm-1) Encapsulation efficiency (%)  

F. vulgare 250 3395 62 

 

 As can be observed, the F. vulgare extract has an encapsulation efficiency of 62% using 

soybean lecithin as lipid; in the case of estragole 66 the test was also carried out, but it was 

not conclusive. For the latter sample, other nanoencapsulation systems must be tested, like 

the chitosan-based microemulsions. These assays will be carried out in the near future. 

2.4.2. Chelidonium majus-related nanoencapsulation 

 

 Regarding C. majus, the photophysical studies (UV/visible absorption spectra and 

fluorescence spectra) of three samples related to the successive extension by Soxhlet, were 

carried out, these being the extract in dichloromethane E2, the ethanol extract E3 and the 

compound isolated from the ethanol extract of the C. majus, coptisine 71. 

 These samples were also dissolved in methanol (spectroscopic grade) and the 

solutions were diluted to the following concentrations: 4.1710-4 M in the case of the extract 

E2, 5.6610-4 M in the case of extract E3 and 7.0910-4 M in the case of isolated compound 71. 
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The absorption and fluorescence spectra were then measured for each of the samples and are 

shown in Figure 26. 

 

 

                                        i)                                                                                       ii)  

 

 

                                        iii)                                                                                         iv)        

 

                                    v)                                                                               vi)       

Figure 26. i) Absorption spectrum of C. majus extract in DCM E2; ii) Fluorescence spectrum of 

C. majus extract in DCM E2 (excitation at 411 nm) at 510-5 M. iii) Absorption spectrum of C. 
majus extract in EtOH E3, iv) Fluorescence spectrum of C. majus extract in EtOH E3 (excitation 

at 411 nm) at 510-5 M. v) Absorption spectrum of the isolated compound of C. majus extract 
71, vi) Fluorescence spectrum of the isolated compound of C. majus extract in EtOH 71 

(excitation at 450 nm) at 510-5 M. 
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 In the first two cases (spectra i) to iv)), absorption and fluorescence are dominated by 

chlorophyll, exhibiting its characteristic absorption bands, with maxima at 440 nm (blue) and 

665 nm132 (red), and a strong fluorescence emission at 690 nm.132 This is not surprising, 

because these two extracts were isolated as green oils. Regarding spectra v and vi, they 

correspond to the isolated compound 71, being located in the usual regions for absorption 

and emission of aromatic penta- or hexacyclic compounds, justifying the yellow color. A strong 

resonance effect is anticipated from the large and unstructured fluorescence band.  

 For the determination of calibration curves, dilutions of the prepared solutions in the 

range of 0.1×10-5 - 4.5×10-5 M were also performed, as above. In the first two cases, it was 

used the band of chlorophyll red absorption (around 665 nm). In the case of the isolated 

compound 71, it was chosen the band centered at ca. 350 nm. The encapsulation efficiency 

was measured for the three samples and the data can be found in table below (Table 7). 

 

 

 

 

 

 

 

 

Figure 27. Calibration curve for the extract E2 of C. majus (absorbance vs. concentration) at 

665 nm. 

 

 

 

 

 

 

 

Figure 28. Calibration curve for the extract E3 of C. majus (absorbance vs. concentration) at 
665 nm. 
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Figure 29. Calibration curve for the coptisine 71 from C. majus (absorbance vs. concentration) 
at 460 nm. 

 

Table 7. Results obtained for the encapsulation of the different extracts: wavelength, molar 
extinction coefficient and encapsulation efficiency. 

Extract Wavelength (nm) 𝜺 (M-1 cm-1) 
Encapsulation 

efficiency (%) 

E2 665 1578 99.5 

E3 665 1190 96 

71 460 863 65.5 

 

 After obtaining the results of encapsulation efficiency, it was possible to conclude that 

the extracts of the C. majus in dichloromethane E2 and in ethanol E3 present high efficacy 

values with 99.5% and 96%, respectively, giving indication that the liposomes of commercial 

soybean lecithin prepared by ethanolic injection method are promising nanosystems for the 

encapsulation of these extracts. For the isolated compound, and giving the very reasonable 

encapsulation efficiency obtained, however lower than in previous cases, the thin film 

hydration method could be an alternative for the same lipid formulation. The use of a purified 

lecithin mixture also appears as an alternative to explore.  

 Although no encapsulation assays of the remaining extracts/compounds were 

performed, UV/vis and fluorescence measurements were performed for 79, 85 and 86 (Figure 

30). 
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                                        i)                                                                                       ii)  

  

                                        iii)                                                                                         iv)        

 

                                          v)                                                                                         vi)        

Figure 30. i) Absorption spectrum of GA 79; ii) Fluorescence spectrum of GA (excitation at 305 

nm) at 510-5 M. iii) Absorption spectrum of 86, iv) Fluorescence spectrum of 86 (excitation 

at 304 nm) at 510-5 M. v) Absorption spectrum of 85, vi) Fluorescence spectrum of 85 

(excitation at 315 nm) at 110-4 M. 
 

 In the case of the Ginkgo biloba related spectra, carried out at 5.0 x 10-5 M, it was 

found that GA 79 shows an λabs value of 216 nm with a λemi of 411 nm. After the protection 

reaction of 79, compound 86 still exhibit an λabs of 216 nm and a λemi of 376 nm. Compound 

85 displayed λabs value at 210 nm and λemi at 320 nm (Table 8).  
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Table 8. Absorption and fluorescence maximum wavelengths for compounds 79, 85 and 86. 

Compound λabs (nm) λemi (nm) 

79 216 411 

85 210 320 

86 216 376 

2.5. BIOLOGICAL ASSAYS 

 

 Several toxicity assays involving GA (15:1) using MTT and different cell lines such as 

HepG2 (liver hepatocellular cells), MC-3T3-E1 (mouse osteoblastic cell line) and Tac8113 

(human tongue squamous carcinoma cell line) have already been performed. The results for 

HepG2 showed that 60 μM GA decreased viability to 90%.133 Another representative assay 

showed that GA in cellular Tac8113 decreased cell viability, these same results compared to 

the nontumorigenic MC-3T3-E1 demonstrated that GA can present selectivity to tumor cells 

since it only has effects on the viability of tumor cells.134 

 In relation to coptisine, an assay evaluating its toxicity to the LoVo (human colon 

adenocarcinoma), HT 29 (human colorectal adenocarcinoma) and L-1210 (mouse lymphocytic 

leukemia) cell lines is highlighted. This compound showed to be quite toxic to HT 29 cells and 

to have an antiproliferative effect on the LoVo cells. To the L-1210 cell line, this compound did 

not show as active as the others.135 

 Regarding the results presented before, and since the AGS cell line is not reported in 

any of the MTT assays for any of the three species under study, in this work biological assays 

were performed using AGS cell line. This line is made up of gastric adenocarcinoma cells and, 

since the route of administration of pharmacological drugs is the oral via as well as the use of 

pesticides can be an important factor for the quality of human life, it gives the stomach an 

important role as a model to consider for the reasons presented above. 

 In this way, the cytotoxicity was evaluated for four extracts obtained (ginkgo biloba 

extract, fennel extract, C. majus dichloromethane extract and the ethanol extract of the C. 

majus), for two isolated compounds (estragole and compound isolated from the C. majus) and 

three achieved reactions (GA alkylation 85, GA protection 86 and the product of epoxidation 
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of the estragole 89) using the AGS cell line. For this, two simultaneous tests were performed 

for the nine samples under study: MTT assay and LDH assay. 

 

2.5.1. Cell viability 

2.5.1.1. MTT Assay 

 

 The MTT reduction assay (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide) has been widely used to quantify cell viability. This type of assay is based on the 

metabolic potential, in this case, assessing the mitochondrial enzymatic activity of the cells. 

Cells with active metabolism convert MTT to formazan, with purpura color and a maximum 

absorption around 570 nm. When cells die, they lose the ability to convert MTT and thus, color 

formation serves as an indicator of cell viability. 

 

 

Scheme 12. Mitochondrial reduction of MTT to formazan. 

 

2.5.1.2. LDH Assay 

 

 In order to estimate the toxic potential of the compounds under study, the lactate 

dehydrogenase (LDH) release test was performed. The cytotoxic effects of the compound are 

associated with the integrity of the cell membrane and, thus, the release of intracellular 

substances into the medium serves as an indication of this integrity. LDH is a cytosol marker 

enzyme and its frequently used to estimate the integrity of the cell membrane. 
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Figure 31. Schematic representation of the reduction of NADH to NAD+ by the LDH enzyme 
with lactate formation. 

 

2.5.2. Cell viability Results 

 

 As noted above, cytotoxicity was evaluated using the AGS cell line. For this purpose 

extracts, isolated components and analogues obtained through synthetic routes were used in 

the biological assays. The assays were performed using concentrations in the range of 0.0625-

1 mg/mL, except in the case of the estragole and DCM extract of C. majus. This is because, 

through an initial assay, it was found that at the concentration of 0.125 mg/mL both samples 

already had a high toxicity, and it was necessary to adjust the concentrations to the range of 

0.0078-0.125 mg/mL. Due to the low solubility of these compounds in the medium used, 

except for the estragole, DMSO was added to stock solutions in the required volume so after 

dilution they had only 0.5% DMSO in solution. The results obtained in the MTT and LDH assays 

for all the study samples are shown in Figure 32. 
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(A)                                                                                (B)  
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Figure 32. Effect of the samples related to F. vulgare, Ginkgo Biloba and C. majus on viability 
(A) and integrity of the cell membrane (B) in the AGS cell line. Cells were incubated with the 
different concentrations presented for each of the samples at 37 ° C for 24 hours. *p<0.05, 
p**<0.01, ***p<0.001 compared to the respective control. 

 

 For the concentrations used we can verify that the extract in DCM of the F. vulgare 

does not present a relevant toxicity in the range of concentrations selected and the highest 

concentration used was 0.125 mg/mL. In the case of the estragole 66, compound isolated from 

the previous extract, at a concentration of 1mg/mL presents on average 41.1% of cell viability. 

The assay of the epoxidation of the estragole 89 was also carried out and, as we can see, it 

does not present a significant decrease in the viability as its concentration increases as in the 

case of the estragole. We conclude that the estragole 66 will be more toxic to the cell line 

under study compared to the epoxidized analogue. 

 Relatively to G. biloba, the DCM extract 79 (with its main constituent GA), the 

protected GA 86 and the alkylated GA 85 were tested. In the case of GA 79, there were no 

major changes in cell viability, even at concentrations of 1 mg/mL. The viability study of the 

protected GA 86 presents significant changes in relation to GA 79. At the lowest concentration 

used in the assay, 0.0625 mg/mL, compound 86 already exhibits a cell viability of 65% and at 

the highest concentration, 1 mg/mL, has cell viability of 33%. The toxicity provoked by the 

alkylated GA 85, did not present a toxicity equivalent to the compound 86. 

 Finally, the toxicity of the DCM extract of C. majus E2, such as its ethanol extract E3 and 

the compound isolated coptisine 71, was tested. The assay realized for extract E2 was 

performed at low concentrations. And it showed 50% of viability at the concentration of 0.125 

mg/mL. In the case of the ethanolic extract of C. majus E3, this presents a little variation as the 
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concentration of the sample increases. However, the compound isolated from this extract, 

coptisine 71, shows a high toxicity at 1mg/mL, it was possible to verify about 20% of cell 

viability for the AGS cell line. 

 Evaluating the results obtained from the LDH assays we concluded that, except for the 

estragole 66 and C. majus ethanol extract E3, the study samples present positive LDH. That is, 

LDH release occurred due to rupture of the membrane, evidencing cellular necrosis. Since the 

compound 66 and extract E3 did not show the LDH released at the concentrations tested in 

the study, its toxicity appears to be unrelated to processes leading to cell necrosis and 

consequently the release of LDH to the outside of cell by rupture of the cellular membrane. 
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CONCLUSIONS AND FUTURE PERSPECTIVES 

 Extracts from species Ginkgo Biloba, F. vulgare, and C. majus were obtained by Soxhlet 

extraction and their chemical composition was partial confirmed using various analytical 

techniques (NMR, IR, UV-Vis, HPLC and mass spectrometry). In the case of the extract 

obtained from Ginkgo Biloba leaves, ginkgolic acid was isolated as a major compound. 

Considering its biological potential, the synthesis of analogues was carried out. In the case of 

F. vulgare, estragole was isolated and it was used in the synthesis of the corresponding 

epoxide. 

 Lipidic nanoencapsulation and evaluation of biological activity of some extracts were 

carried out. Encapsulation studies showed high efficiencies up to 99% in soybean lecithin, with 

C. majus displaying the most promising results. Biological assays indicated that F. vulgare and 

C. majus show higher toxicity/lower viability in AGS cell line. 

 Future work should include full chemical characterization of the extracts and synthesis 

of derivatives of isolated compounds supported by molecular modelling studies. In particular, 

synthesis of GA derivatives will be pursued in order to obtain compounds with increased 

biological activity. Biological activity studies of extracts before and after nanoencapsulation 

will also be under study. 
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3.1. MATERIALS AND INSTRUMENTS 

  

 Nuclear magnetic resonance (NMR) spectra were obtained on a Bruker Avance III 400 

apparatus at a frequency of 400 MHz to 1H and 100.6 MHz to 13C, using the solvent peak as an 

internal reference, at 25°C. The chemical shifts are reported in ppm, using the value δH Me4Si 

= 0 ppm as reference, and the coupling constants (J) are in Hz. The assignment of the 1H and 

13C signals was effected by comparison of chemical shifts, multiplicity of peaks and J values, 

and it was also used double-decoupling techniques, as well as two-dimensional heteronuclear 

spectroscopic correlation, namely HMQC and HMBC. The deuterated solvent used was 

chloroform with deuteration degree greater than 99.8% of Eurisotop®. When necessary the 

vegetable matter was dried in an oven. TLC analyzes were performed on 0.25 mm thick silica 

gel plates (Merck Fertigplatten Kieselgel 60F254) and in the development, visual detection 

and ultraviolet light (λmax 254 nm) were used in a CN-6 chamber. Column and dry flash 

chromatographies used Kieselgel Merck 60 (230-400 mesh). The ultraviolet/visible absorption 

spectra of the compounds/extracts for the nanoencapsulation study were obtained on a 

Shimadzu UV/2501 PC spectrophotometer. For the encapsulation, a commercial lipid mixture, 

soybean lecithin (Sternchemie) containing (% mol/mol) 22% phosphatidylcholine, 20% 

phosphatidylethanolamine, 20% phosphatidylinositol and 10% phosphatidic acid were as 

main components, with a concentration of 1 × 10-3 M. The amicons used were from Amicon 

Ultra, Millipore. The solvents used were p.a. products supplied by Fisher Chemical, Panreac or 

Carlo Erba. The samples were also sent to Santiago de Compostela (Spain) at the CACTUS 

building in the unit of Mass Spectrometry and Proteomics and analyzed by GC-APCI-QTOF 

(timsTOF). 
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3.2. PLANT MATERIAL 

  

 The Gingko Biloba leaves were collected in Tenões-Nogueiró, Braga, from September 

of 2017 to May of 2018. Leaves of green and yellow color were used due to the changes of 

seasons. For extraction only the leaves and fresh material were used. 

 The plant material corresponding to the F. vulgare was collected on a wild plot in 

Aveleda, Braga. For extraction only the stem and fresh material were used. Material was 

collected from November 2017 to May 2018. 

 Plant materials of Chelidonium majus (leaves, stems and flowers) were collected from 

Paderne Melgaço in mid-September of 2017. The material was dried in the oven (Heracus) at 

a temperature of 40-45°C for 24 hours. Then the dried material was crushed using a shredder 

(Moulinex) and then sieved through a sieve with a porosity of less than 910 μm. 

 

3.3. GENERAL EXTRACTION PROCEDURE WITH SOXHLET  

 

 To a flask containing the solvent indicated was coupled a Soxhlet having a cellulose 

cartridge where the plant material was placed (Ginkgo Biloba, F. vulgare, Chelidonium majus). 

The extraction system was assembled (Figure 33) and the solvent was refluxed, and the 

contents of the cartridge were sometimes replaced with new plant material to obtain a larger 

amount of extract. At the end the solvent was evaporated to give the different extracts as 

solids or oils. After determination of the mass of each extract when appropriate, column or 

dry flash chromatography on silica gel was performed. 
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Figure 33. Schematic representation of extraction by Soxhet.136 

3.3.1. Extraction of Ginkgo Biloba components 

 

 

 

 

Ginkgo Biloba (60.898 g) and DCM (750 mL), reflux time of 4 hours; the 2-hydroxy-6-

(pentadec-8-en-1-yl) benzoic acid 79 was obtained as a green oily solid (1,0284 g). Rf = 0.39 

(DCM:MeOH, 9:1). νmax (neat):  2950, 2852, 2348, 1782, 1709 cm-1. 1H NMR H(CDCl3, 400 

MHz): 11.12 (sl, 1 H, CO2H), 7.36 (t, J = 0.8 Hz, 1H, H-4), 6.87 (dd, J = 8.4 e 1.2 Hz, 1H, H-3), 6.77 

(dd, J = 7.6 and 0.8 Hz, 1H, H-5), 5.35 (t, J = 4.8 Hz, 2 H, HC=CH), 2.98 (t, J = 8.0 Hz, 2H, Ph-CH2), 

1.99-2.08 (m, 4H, 2×CH2), 1.54-1.68 (m, 2H, CH2), 1.26-1.35 (m, 16H, 8 x CH2), 0.86-0.94 (m, 3 

H, CH3) ppm. 13C NMR C(CDCl3, 100.6 MHz): 175.25 (CO2H), 163.55 (C-2), 147.64 (C-6), 135.21 

(C-4), 129.89 (HC=CH), 129.87 (HC=CH), 122.66 (C-5), 115.77 (C-3), 110.50 (C-1), 36.46 (PhCH2), 

31.95 (CH2), 29.80 (CH2), 29.75 (CH2), 29.68 (CH2), 29.62 (CH2), 29.58 (CH2), 29.47 (CH2), 29.23 

(CH2), 22.67 (CH2CH3), 13.97 (CH3) ppm. HRMS m/z (ESI): calc for C22H35O3 [M+ +1] 347.25807; 

found 347.25779. 
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3.3.2. Extraction of F. vulgare component  

 

 

 

Using fennel (70.8849 g) and DCM (350 mL), reflux time of 4 hours, extract obtained 

as a greenish oily solid (0.964 g). Flash chromatography (DCM): three fractions were obtained, 

being the whitish solid identified as 1-allyl-4-methoxybenzene (0.0792 g); Rf = 0.75 (TLC: DCM). 

νmax (Nujol): 3403, 1738, 1609 cm-1. 1H NMR H(CDCl3, 400 MHz): 7.11 (d, J = 8.4 Hz, 2H, H-2 

and H-6), 6.85 (d, J = 8.4 Hz, 2H, H-3 and H-5), 5.90-6.02 (m, 1H, CH=CH2), 5.02-5.11 (m, 2H, 

CH=CH2), 3.80 (s, 1H, OCH3), 3.34 (d, J = 6.8 Hz, 2H, PhCH2). 13C NMR C(CDCl3): 157.95 (C-1), 

137.86 (CH=CH2), 132.08 (C-4), 129.47 (C-3 and C-5), 115.38 (CH=CH2), 113.87 (C-2 and C-6), 

55.24 (OCH3), 39.31 (PhCH2) ppm. 

 

3.3.3. Extraction of Chelidonium majus components 

3.3.3.1. Procedure 1  

 

Using C. majus (8.0235 g) and EtOH (350 mL), reflux time of 4 hours, the extract was 

obtained as a green oily solid E1 (2.9347 g). The extract was suspended in distilled water (50 

mL) transferred to a separatory funnel, and a liquid-liquid extraction was carried out using 

petroleum ether (30 mL x 4). The organic solution was dried with anhydrous magnesium 

sulfate, and evaporated to give a solid material. The aqueous phase was sequentially subject 

to others liquid-liquid extraction with ethyl ether (30 mL x 4), ethyl acetate (30 mL x 4) and 

dichloromethane (30 mL x 4), following the same procedure as described above to give solid 

materials. The resulting aqueous phase obtained was evaporated to give also a solid material. 

Rf (initial extract in ethanol): 0.86 and 0.45. 
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Table 9. Results obtained in the successive washes of the ethanol extract of C. majus. 

Solvent Obtained mass (g) Colour 

Petroleum ether 0.151 Green 

Ethyl ether 0.349 Green 

Ethyl acetate 0.030 Green 

Dichloromethane 0.288 Orange 

Water 0.182 Yellow 

 

3.3.3.2. Procedure 2  

 

 

 

Using C. majus (8.0876 g) and DCM (350 mL), reflux time of 4 hours, the extract was 

obtained as a green oily solid E2 (0.722 g). Vegetable material was maintained in the cartridge 

and was subjected to a new extraction with EtOH (350 mL) with reflux time of 4 hours the 

extract obtained as a green oily solid E3 (0.337 mg). Addition of DCM result in two solids of 

different colors and polarities. A green solid soluble in DCM (0.155 g), which showed a complex 

mixture by TLC (MeOH) and a yellow solid which was only soluble in EtOH (0.182 g). The yellow 

solid was subjected to column chromatography (DCM/EtOH, mixture of increasing polarity). 

Using DCM:EtOH (90:10) as eluent, coptisine 71 (6,7-dihydro-

[1,3]dioxolo[4',5':7,8]isoquinolino[3,2-a][1,3]dioxolo[4,5-g]isoquinolin-5-ium) was isolated as 

a yellow / orange solid (0.029 g). Rf = 0.20 (MeOH). νmax (neat): 3379, 2947, 2834, 2524, 2345, 

2222, 2045, 1724, 1660 cm-1; 1H NMR H(CDCl3, 400 MHz): 9.90 (s, 1H, H-4), 8.91 (s, 1H, H-13), 

8.01 (d, J = 8.8 Hz, 1H, H-14), 7.82 (d, J = 8.4 Hz, 2H, H-15), 7.76 (s, 1H, H-12), 7.06 (s, 1H, H-8), 

6.51 (s, 2H, CH2-2 or CH2-10), 6.15 (s, 2H, CH2-2 or CH2-10), 4.85 (t, J = 6.0 Hz, 2H, CH2-6), 2.49 
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(t, J = 6.0 Hz, 2H, CH2-7). 13C NMR C(CDCl3, 100.6 MHz): 149.87 (Ar-C), 147.79 (Ar-C), 147.16 

(Ar-C), 144.62 (C-4), 143.94 (Ar-C), 136.93 (Ar-C), 132.42 (Ar-C), 130.65 (Ar-C), 121.85 (C-15), 

121.11 (Ar-C), 121.07 (C-13), 120.58 (C-14), 111.75 (Ar-C), 108.52 (C-8), 105.39 (C-12), 104.56 

(C-2 or C-10), 102.17 (C-2 or C-10), 55.22 (C-6), 26,35 (C-7) ppm. HRMS m/z (TOF ESI): calc for 

C19H14NO4[M+] 320.0917 found 320.0917. 

 

3.4. SYNTHESIS OF ANALOGUES 

3.4.1. Attempting esterification of ginkgolic acid 

 

 

 

To the ginkgolic acid 79 (0.4 mmol, 0.170 g) in an ice bath thionyl chloride (2 mL) was 

added. The mixture was heated at 60°C and kept under stirring for 8 hours. Then, dried MeOH 

(2 mL) was added dropwise and the mixture was stirred at room temperature for 48 hours. 

After solvent evaporation, an oil was obtained, which, 1H NMR (CDCl3) did not correspond to 

the expected compound. 
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3.4.2. Attempting coupling of ginkgolic acid using DCC 

 

 

 

 

To a solution of ginkgolic acid 79 (0.2 mmol, 0.070 g) in DMF (1 mL) was added 1-

hydroxybenzotriazole (1 eq, 0.2 mmol, 0.031 g) and stirred for 10 minutes, at room 

temperature. N,N’-dicyclohexylcarbodiimide (1.1 eq, 0.22 mmol, 0.044 g) was then added and 

the mixture was stirred again for 10 minutes. A mixture of phenylalanine methyl ester 

hydrochloride (1 eq, 0.2 mmol, 0.043 g) in DMF (0.55 mL) and triethylamine (2 eq, 0.4 mmol, 

55 mL) was added dropwise, at low temperature (ice bath), the reaction mixture was allowed 

to stand for 24 hours at room temperature. The reaction was monitored by TLC (DCM), and 

the 1H NMR that showed that the reaction didn’t occur, due the fact the signals of the starting 

GA were evident, such as of the reagents used in the reaction. 

3.4.3. Attempting epoxidation of ginkgolic acid 
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To a solution of ginkgolic acid 79 (0.2 mmol, 0.070 g) in DCM (3 mL) at 0°C (ice bath), 

under stirring, meta-chloroperoxybenzoic acid (5eq, 1 mmol, 0.173 g) was added and the 

mixture was kept in these conditions for about 1 hour. Then the mixture was heated at 60°C, 

kept for 21 hours and the reaction was monitored by TLC. 1H NMR (CDCl3) showed that the 

brown oil obtained was not the expected compound, showing a complex mixture being 

impossible to identify the signals of the starting material and reagents used. 

 

3.4.4. Attempting acetylation of ginkgolic acid 

 

 

 

To a flask containing ginkgolic acid 79 (0.2 mmol, 0.070 g) were added acetic anhydride 

(1 eq., 0.2 mmol, 3.87x10-2 mL), and concentrated sulfuric acid (0.05 mL). The reaction mixture 

was stirred gently and heated at 50 to 60°C for 15 minutes. 

The mixture was poured into distilled water (0.276 mL) and the precipitate formed was 

filtered out under reduced pressure, washed with cold distilled water and dried in the oven 

(40°C), to give a brown oil. 1H NMR (CDCl3) showed that the brown oil obtained was not the 

expected compound due to the complexity of the signals from the obtained mixture. 
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3.4.5. Synthesis of 2-methoxy-6-(pentadec-8-en-1-yl)benzoic acid 85 

 

 

 

To a test tube containing perfluorohexane (0.428 mL), a solution of 1,2-dibromoethane 

(0.428mL) and dimethyl sulfate (0.055 mL) were added. After 5 minutes, when two layers 

remained, ginkgolic acid 79 (5.8 x 10-4 mol, 0.200 g) and NEt3 (0.162 mL) dissolved in acetone 

(0.856 mL) were carefully added to the test tube from the uppermost layer. The tube was 

covered with aluminium foil and the bottom layer was stirred at room temperature for 2 days. 

The reaction was monitored by TLC (DCM). The acetone was evaporated, and the residue was 

dissolved with water (30 mL) and washed with DCM (3 x 30 mL). The organic phase was dried 

with anhydrous magnesium sulfate and the solvent removed by evaporation. Rf = 0.59 (DCM). 

νmax (neat) 3322, 2921, 2852, 2348, 1854, 1730, 1660, 1607 cm-1. 1H NMR H(CDCl3, 400 MHz): 

11.13 (s, 1H), 10.97 (s, 1H), 7.34-7.30 (m, 2H), 6.89 (m, 2H), 6.79-6.72 (m, 2H), 5.36 (t, J = 4.4 

Hz, 1H), 4.71 (t, J = 6 Hz, 1H), 3.96 (s, 1H), 2.96 (t, J = 8 Hz, 1H), 2.88 (t, J = 8 Hz, 1H), 1.31 (m, 

58 H), 0.85 (m, 9H) ppm. 
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3.4.6. Synthesis of 2,2-dimethyl-5-(pentadec-8-en-1-yl)-4H-benzo[d][1,3] 

dioxin-4-one 86 

 

 

 

Acetone (35 eq., 10.4 mmol, 0.22 mL) and thionyl chloride (2.4 eq., 0.69 mmol, 0.055 

mL) were added to a solution of ginkgolic acid 79 (0.29 mmol, 0.100 g) and DMAP (0.015 mmol, 

0.002 g) in 1,2-dimethoxyethane (0,217 mL). The reaction mixture was kept under stirring at 

0 °C for 1 hour, and at room temperature for 24 hour. Saturated aqueous sodium hydrogen 

carbonate solution was added to the mixture, and the aqueous solution was extracted with 

DCM (25 mL × 3). The organic extract was dried over anhydrous magnesium sulfate, and 

evaporated under reduced pressure. Compound 86 was obtained as a colorless oil (0.057 g). 

Rf = 0.63 (DCM). νmax (neat) 2950, 2852, 2348, 1782, 1709 cm-1. 1H NMR H(CDCl3, 400 MHz): 

7.40 (t, J = 7.6, 1H, H-4), 6.93 (d, J = 7.6 Hz, 1H, H-3), 6.80 (d, J = 8.0 Hz, 1H, H-6), 5.40-5.38 (m, 

1H, HC=CH), 4.11-4.18 (m, 1H, HC=CH), 3.16-3.07 (m, 2H, Ph-CH2), 1.70 (s, 6H, C(CH3)2), 1.65-

1.25 (m, 24H, 11 x CH2), 0.95-0.91 (m, 3H, CH3) ppm. 13C NMR C(CDCl3, 100.6 MHz): 160.22 

(CO), 157.10 (C-9), 148.52 (C-5), 148.48 (Ar-H), 135.02 (C-7), 125.06 (C-8), 115.03 (C-6), 112.07 

(C-4a), 68.99 (HC=CH), 68.50 (HC=CH), 25.63 (CH3 x 2), 13.88 (CH3) ppm. HRMS m/z (ESI-TOF): 

calc for C25H39O3 [M+ +1] 387.2894 found 387.2893. 

 

 

 

 

 

 



Chapter 3: Experimental 

 

 

79 

3.4.7. Synthesis of 2-(4-methoxybenzyl)oxirane 89 

 

 

 

To perfluorohexane (0.50 mL) in a test tube was added meta-chloroperoxybenzoic acid 

(1.5 eq, 0.173 g) dissolved in dibromoethane (0.67 mL). The estragole 66 (0.100 g, 6.7 x 10-4 

mol) was dissolved in DCM (0.50 mL) and added to the reaction mixture, which was left under 

constant stirring at room temperature, covered with aluminum foil for 48 hours. 

The obtained mixture was diluted in water (30 mL) and washed with DCM (3 x 30 mL). The 

organic phase was dried with anhydrous magnesium sulfate, filtered and the solvent was 

removed by evaporation. Compound 89 was obtained as a white oily solid (0.046 g). Rf =0.51 

(DCM). νmax (neat): 2916, 2848, 1726, 1710 cm-1. 1H NMR H(CDCl3, 400 MHz): 7.18 (d, J = 8.4 

Hz, 2H, H-2 and H-6), 6.88 (d, J = 8.8 Hz, 2 H, H-3 and H-5), 3.81 (s, 3H, OCH3), 3.15-3.11 (m, 

1H, CH2CH), 2.88 (dd, J = 14.4 and 5.2 Hz, 1H), 2.80-2.75 (m, 2H, PhCH2), 2.54 (dd, 1H, J = 5.2 

and 2.8 Hz, 1H) ppm.  

 

3.5. NANOENCAPSULATION STUDIES  

 

For nanoencapsulation studies, the extracts obtained from Soxhlet of F. vulgare and C. 

majus were used. Absorption spectra measurements were performed in the UV-Visible range 

to determine the absorption region of each of the selected extracts. Dilutions were then 

performed at concentrations of 0.1×10-5-4.5×10-5 M for the measurement of calibration 

curves and determination of the encapsulation efficiency. Liposomes were prepared by the 

ethanolic injection method,137,138 using a commercial lipid mixture, soybean lecithin 

(Sternchemie), containing (% mol/mol) 22% phosphatidylcholine, 20% phosphatidyl-

ethanolamine, 20% phosphatidylinositol and 10% of phosphatidic acid as the major 
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components at a concentration of 1×10-3 M. Extracts/compounds at 2×10-5 M concentration 

were added to the lipid mixture and then pooled dropwise, under vortex, in a buffer solution 

of Tris-HCl pH = 7.3. The formulations were placed in AmiconTM filter tubes and centrifuged 

for 10 min. at 3000 rpm. During centrifugation, there was a separation of the encapsulated 

and non-encapsulated compound. The non-encapsulated fraction was evaporated, and 2 mL 

of ethanol were added. The absorbance of three independent assays for each compound was 

measured, and the concentration of compound that was not encapsulated was determined 

using the Lambert-Beer law (equation 1), through a calibration curve previously obtained 

 

𝐴 =  𝜀 × 𝑙 × 𝑐     (1) 
 

where A is the absorbance, ε is the molar absorption coefficient, 𝑙 is the optical path and c is 

the concentration of the sample. The encapsulation efficiency, EE (%), was obtained through 

equation 2. 

                    𝐸𝐸(%) =
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 − 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑛𝑜𝑛𝑒𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡
× 100   (2) 

 

3.6. CELL CULTURE 

 

Cells were thawed in DMEN(1x)+GlutaMaxTM-1 (Dulbecco’s Modified Eagle Medium) (45 

mL) culture medium for AGS, enriched with 1% penicillin/streptomycin and 10% FBS (fetal 

bovine serum) at 37%. After centrifugation of 210g for 5 minutes, the supernatant was 

discarded and the deposit was resuspended in 15 ml of medium at 37°C. To proceed to a 2D 

culture column, a volume of cell suspension suitable for the desired growth was placed in a 

300 mL flask, with culture medium (15 mL). The conditions described were adapted from da 

Silva et al., 2017139 and from Pereira et al., 2014.140 
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3.6.1. Cell viability MTT 

 

After obtaining about 80% confluency from the flask, the medium was discarded and 

the flask washed twice with of HBSS (Hank's balanced salt solution) (8 mL) purchased from 

Gilbco. Thereafter, 0.25% Trypsin (25 mL) was placed and the flask was brought to 37°C and 

5% carbon dioxide for 3 minutes. Then medium (7 mL) was added and the entire volume of 

the flask was collected and centrifuged at 1300 rpm for 3 minutes at 37°C. The supernatant 

was discarded and the deposit resuspended in medium (4 mL). 

In one eppendorf were placed trypan blue (0.090 mL) and the cell suspension (0.010 

mL). A Neubauer chamber was filled with this solution to count the number of cells present in 

the cell suspension. 

After 24 hours, successive dilutions of the test compounds were prepared, using up to 

0.5% DMSO (except estragole). The medium from each well was aspirated and each dilution 

of the compound (0.100 mL) in triplicate was placed as described in previously reported 

work.139–141 

The MTT substrate was prepared in a solution with the medium and added to the 

cultured cells in each well after removal of the test compound in a 1:10 portion. An incubation 

was carried out for 2 hours at 37°C, after which the MTT solution was removed. The formazan 

formed was dissolved in a mixture of DMSO:isopropanol (3:1) (0.200 mL). The absorbance was 

then measured at 570 nm using a Thermo Scientific ™ Multiskan ™ GO microplate reader.  

 

3.6.2. Cell viability LDH 

 

The solution present in each well (0.020 mL) was withdrawn into a new 96 well plate 

after 24 hours of incubation of the test compound as previously described by Pereira, et al. 

2015, and Silva et al., 2017.139,142 The pyruvate solution (0.025 mL) and a solution of NADH 

(0.230 mL), both in 3 mg/20 mL concentrations, were added. These two solutions were 

prepared in phosphate buffer at pH 7.4 and 1% Triton X-100 was used as the positive control. 
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The integrity of the cell membrane was measured by the absorbance recorded at 340 nm in a 

microplate reader Thermo Scientific ™ Multiskan ™ GO. 
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