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   Human beings have used plants for the treatment of diverse ailments for thousands 

of years [1]. Medicinal plants have been used as sources of medicine in virtually all 

cultures [2]. A large number of them are used without side effects when compared 

with synthetic drugs. Each plant whether it may be shrub, herbs, algae have its own 

significance in pharmaceutical, medicinal, agricultural, industrial, biochemical and 

chemical sciences. 

In recent years, phytochemicals in vegetables and plants have received a great deal of 

attention mainly on their role in preventing diseases caused as a result of oxidative 

stress which releases reactive oxygen species such as singlet oxygen and various 

radicals as a damaging side effect of aerobic metabolism. Characterization of extracts 

of medicinal plants is necessary, due to its numerous benefits to science and society. 

The information obtained, makes pharmacological studies possible. It also enabled 

structure-related activity studies to be carried out, leading to the possible synthesis of 

more potent drug with reduced toxicity. The mode of action of the plants producing 

the therapeutic effect can also be better investigated if the active ingredients are 

characterized.  

The most essential of these bioactive constituents of medicinal plants are alkaloids, 

tannins, flavonoids, anthraquinones and phenolic compounds. Many of the indigenous 

medicinal plants are used as spices and food [3]. 

The study on natural products encompasses the investigation into their molecular 

structure, biogenesis, and biological functions in the organism, therapeutic 

applications and other uses. Studies on natural products have become more and more 

important with the realization that plants provide a source of useful chemicals that 

may be used directly or as templates for the development of drugs responsible for 

defense or protection against various diseases. 

African medicinal plants have a long history of providing important sources of 

healing drugs to local populations. In certain African countries, up to 80% of the 

population (OMS) still relies exclusively on plants as a source of medicines [4]. In 

Algeria, North African country with its large variety of soils (littoral, steppe, 

mountains and desert) and climates, possesses a rich flora (more than 3000 species, 

123 botanic family and 1000 genders) [5], This richness make the study of the 

algerian flora presenting a scientific interest for more knowledge in the field of 

ethnobotany, traditional pharmacopoeia and in the field of valorization of natural 

substances. These findings led us to explore these resources in terms of 

phytochemistry and pharmacology. 
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    In this context, and in continuity of our research program at the VARENBIOMOL 

research unit on Algerian saharian plants, the aim of this work focused firstly on the 

structural determination of commun and new compounds with potential biological 

activity, and secondly, on the evaluation of different biological activities of the 

various organic extracts of Asphodelus teniufolius plant which belongs to the 

Liliaceae family. The selection of this specie was based on its endemism and on the 

fact that this Algerian plant had never been a subject of any phytochemical 

investigations. 

Our works reported in this manuscript are divided into five chapters: 

 The first describe the main families of secondary metabolites isolated from 

plants, In particular, phenolic acids, flavonoids, Anthraquinones, sterols. This 

study will include definitions, classifications, their biosynthesis as well as their 

biological activities. 

 The second concern a bibliographic study of the Liliaceae family, Asphodelus 

genus and the studied plant Asphodelus tenuifolius. 

 The third is devoted to all the personal phytochemical works. This chapter 

describes the isolation, the purification methods and the structural 

characterization, as well as the chromatographic and spectroscopic techniques 

used during this study. 

 The fourth present the identification and structural determination of the 

isolated compounds from this specie, LC-MS profiles of the studied organic 

extracts, explications and discussion of the obtained results from the 

spectroscopic data released using the different NMR experiments (1H, 13C, 

HSQC, HMBC, COSY…), ECD spectra, UV-Visible and Mass spectroscopic 

analysis. 

 The last chapter included the various biological analysis results of the different 

organic extracts of Asphodelus teniufolius plant (antioxydant, antibacterial, 

antifungal, cytotoxic and antiviral activities) and the MTT assay on two new 

isolated compounds to evaluate the potential anti−proliferative and cytotoxic 
activity in A375 (human melanoma) cancer cell line. 
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I.1. Generalities on Polyphenols  

     Plants are rich sources of functional dietary micronutrients, fibers and 

phytochemicals, such as ascorbic acid, carotenoids, and phenolic compounds, that 

individually, or in combination, may be beneficial for health since they demonstrate 

antioxidative activity in vitro [1-2]. 

Phenolic compounds are secondary metabolites, which are produced in the shikimic 

acid of plants and pentose phosphate through phenylpropanoid metabolization [3]. 

They contain benzene rings, with one or more hydroxyl substituent, and range from 

simple phenolic molecules to highly polymerized compounds [4]. 

     In the biosynthesis of phenolic compounds, the first procedure is the commitment 

of glucose to the Pentose Phosphate Pathway (PPP) and transforming glucose-6-

phosphate irreversibly to ribulose-5-phosphate (Fig. I.1). The first committed 
procedure in the conversion to ribulose-5-phosphate is put into effect by glucose-6-

phosphate dehydrogenase (G6PDH). On the one hand, the conversion to ribulose-5-

phosphate produces reducing equivalents of nicotinamide adenine dinucleotide 

phosphate (NADPH) for cellular anabolic reactions. On the other hand, PPP also 

produces erythrose-4-phosphate along with phosphoenolpyruvate from glycolysis, 

which is then used through the phenylpropanoid pathway to generate phenolic 

compounds after being channeled to the shikimic acid pathway to produce 

phenylalanine [5-6]. 

These phenolic compounds, one of the most widely occurring groups of 

phytochemicals, are of considerable physiological and morphological importance in 

plants. These compounds play an important role in growth and reproduction, 

providing protection against pathogens and predators [7]. They are widespread groups 

of substances in flowering plants, occurring in all vegetative organs, as well as in 

flowers and fruits, vegetables, cereals, grains, seeds and drinks. Despite this structural 

diversity, the groups of compounds are often referred to as “polyphenols” [8-9]. Plant 

genetics and cultivar, soil composition and growing conditions, maturity state and 

post-harvest conditions are effective on the quantity and quality of the polyphenols 

present in plant foods [10]. 
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Figure I.1. Biosynthesis of phenol compounds (modified by Vattem et al., 2005 [5] 
and Lin et al. 2010 [6]). 

 

     These phenolic substances and polyphenols, contain numerous varieties of 

compounds (Table. I.1): simple flavonoids, phenolic acids, complex flavonoids and 
colored anthocyanins [11]. These phenolic compounds are usually related to defense 

responses in the plant. However, phenolic metabolites play an important part in other 

processes, for instance incorporating attractive substances to accelerate pollination, 

coloring for camouflage and defense against herbivores, as well as antibacterial and 
antifungal activities [12-13]. 
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Table I.1. Classification of phenolic compounds in plants. 

                    Classes Structure 
Simple phenolics, benzoquinones C6 

Hydroxybenzoic acids C6 – C1 
Acethophenones, phenylacetic acids C6 – C2 
Hydroxycinnamic acids, phenylpropanoids 
     (Coumrins, isocoumarins, chromones, chromenes) 

C6 – C3 

Napthaquinones C6 – C4 
Xanthones C6 – C1- C6 
Stilbenes, anthraquinones C6 – C2- C6 
Flavonoids, Isoflavonoids C6 – C3- C6 
Lignans, neolignans (C6 – C3)2 
Biflavonoids (C6 – C3- C6)2 

Lignins (C6 – C3)n 
Condensed tannins (proanthocyanidins or flavons) (C6 – C3- C6)n 

 

     Phenolic compounds confer unique taste, flavour, and health promoting properties 

found in plants, vegetables and fruits [14]. 

 

I.2. Polyphenols in Health  

     In recent years, the importance of antioxidant activities of phenolic compounds and 

their potential usage in processed foods as a natural antioxidant compounds has 

reached a new level and some evidence suggests that the biological actions of these 

compounds are related to their antioxidant activity [15]. 

     Phenolic compounds exhibit a wide range of physiological properties; many 

studies have reported many advantages such as: anti-allergenic, anti-artherogenic, 

anti-inflammatory, anti-microbial, antioxidant, anti-thrombotic, cardioprotective and 

vasodilatory effects [16-20]. 

The chemical constituents extracted from plants, can inhibit the absorption of amylase 

in the treatment of carbohydrate absorption, such as diabetes [21]. In addition to the 

adjustment of the above, there are relevant antioxidant enzymes to counter oxidants 

[22-23]. The possible health benefits of dietary phenolics depend on their absorption 

and metabolism, which in turn are determined by their structure including their 

conjugation with other phenolics, degree of glycosilation / acylation, molecular size 

and solubility. The metabolites of polyphenols are rapidly eliminated from plasma, 

thus, daily consumption of plant products is essential in order to supply high 

metabolite concentrations in the blood [24-25]. 

     Up to now epidemiological knowledge emphasize that polyphenols display 

important functions, like inhibition of pathogens and decay microorganisms, anti-
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deposition of triglycerides, reduce the incidence of non-transmisible diseases such as 

cardiovascular diseases, diabetes, cancer and stroke, anti-inflammation and anti-

allergic effect through processes involving reactive oxygen species. These protective 

effects are attributed, in part, to phenolic secondary metabolites [26-27]. 

Phenolic acids, hydrolysable tannins, and flavonoids have anti-carcinogenic and anti-

mutagenic effects since they act as protective agents of DNA against free radicals, by 

inactivating carcinogens, inhibiting enzymes involved in pro-carcinogen activation 

and by activating of xenobiotics detoxification enzymes. In particular flavonoids and 

L-ascorbic acid have a synergistic protective effect towards oxidative damages of 

DNA in lymphocytes [28-29]. Block et al. [30] stated that a diet rich in vegetables 

reduces the risk for colon cancer. Both chlorogenic and caffeic acids are antioxidants 

in vitro, and they are potential inhibitors for the formation of mutagenic and 

carcinogenic N- nitroso compounds in vitro [31]. Flavonoids, catechins and their 

derivatives are considered as therapeutic agents in studies focused on degenerative 

diseases and brain aging processes, and serve as possible neuroprotective agents in 

progressive neurodegenerative disorders such as Parkinson's and Alzheimer's diseases 

[32-33]. High flavonoid intakes lead a decrease in LDL oxidation [34-35].  

 

I.3. Classification   

     The structure, the number of aromatic nuclei and structural elements which bind 

these nuclei are the dominant features of the classification of polyphenols which can 

distinguish the following main groups [36]: 

I.3.1. Phenolic Acids  

     Phenolic acids are aromatic secondary plant metabolites broadly distributed 

throughout the plant kingdom. The term “phenolic acids”, in general, designates 
phenols that possess one carboxylic acid functionality, moreover the reason for 

including phenolic acids in the family of plant polyphenols lies in the fact that they 

are bioprecursors of polyphenols and, more importantly, they are metabolites of 

polyphenols. Naturally occurring phenolic acids contain two distinctive carbon 

frameworks: the hydroxycinnamic and hydroxybenzoic structures. Hydroxybenzoic 

acids include gallic, p-hydroxybenzoic, protocatechuic, vanillic and syringic acids, 

which in common have the (C6–C1) structure (Fig. I.2).   Hydroxycinnamic acids, on 

the other hand, are aromatic compounds with a three-carbon side chain (C6–C3), with 

caffeic, ferulic, p-coumaric and sinapic acids being the most common (Fig. I.2).  

The main sources of phenolic acids are blueberry, cranberry, pear, cherry (sweet), 

apple, orange, grapefruit, cherry juice, apple juice, lemon, peach, potato, lettuce, 

spinach, coffee beans, tea, coffee and cider. Hydroxycinnamic acids are a major class 

within the phenolic compounds [37-38]. 
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     Figure I.2. Structure of the most important naturally occurring phenolic acids. 

    

    Many papers and reviews described studies on bioavailability of phenolic acids, 

emphasizing both the direct intake through food consumption and the indirect 

bioavailability deriving by gastric, intestinal and hepatic metabolism [39]. In addition 

Phenolic acid compounds and functions have been the subject of a great number of 

agricultural, biological, chemical and medical studies.  

Also, these phenols acids which are present in a significant amount in fruits and 

vegetables are scavengers of free radicals (antioxidants) playing a recognized role in 

the maintenance of a good state of health. These compounds could participate in the 

prevention of pathologies partly related to an excess of free radicals and oxidative 

stress [40]. 

Various phenolic acids have been found during the different stages of maturation [41] 

while growing conditions are known to have an impact on the phenolic acid content 

[42]. Many of the phenolic acids like cinnamic and benzoic acid derivatives exist in 

all plant and plant-derived foods (e.g., fruits, vegetables, and grains) [43]. Although 

much knowledge is to be obtained with respect to the role of phenolic acids in plants, 

they have been associated with diverse functions, including nutrient uptake, protein 

synthesis, enzyme activity, photosynthesis, structural components and allelopathy 

[44]. 

 

 

 

 

                                                                    

Hydroxybenzoic Acids                                 Hydroxycinnamic Acids 

 R1 R2 R3 R4   R1 R2 R3 R4 

Benzoic acid 

Gallic acid 

Vanillic acid 

H 

H 

H 

OH 

H 

OH 

H 

OH 
Cinnamic acid H H H H 

 Ferulic acid H OCH3 OH H 

H OCH3 OH H Sinapic acid H OCH3 OH OCH3 

Salicylic acid OH H H H Caffeic acid H OH OH H 

Syringic acid H OCH3 OH OCH3 Sinapic acid H OCH3 OH OCH3 

Genistic acid OH H H OH              Coumaric acid 

 

OH H H H 
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I.3.2. Flavonoids  

I.3.2.1. Generalities on flavonoids 

     Flavonoids are the most abundant polyphenols in human diets, accounting for over 

half of the eight thousand naturally occurring phenolic compounds found mainly in 

blackberries, black currant, blueberries, grape, strawberries, cherries, plums, 

cranberry, pomegranate, and raspberry. The flavonoids, the derivatives of 1, 3-

diphenylpropane, are a large group of natural products which are widespread in higher 

plants but also found in some lower plants, including algae. They are low molecular 

weight compounds, consisting of fifteen carbon atoms; bear the C6–C3–C6 structure 

(Fig. I.3). They are mainly divided into two classes: (a) anthocyanins (glycosylated 

derivative of anthocyanidin, present in colorful flowers and fruits); (b) anthoxanthins 

(a group of colorless compounds further divided in several categories, including 

flavones, flavans, flavonols, isoflavones and their glycosides) [37-45-46]. Flavonoids 

occur both in the free state and as glycosides. 

    Essentially the structure consists of two benzene or aromatic rings A and B, joined 

by a 3-carbon bridge, usually in the form of a heterocyclic ring C (Fig. I.3). The 

aromatic ring A is derived from the acetate / malonate pathway, while ring B is 

derived from phenylalanine through the shikimate pathway [47-48]. Variations in 

substitution patterns to ring C result in the major flavonoid classes, i.e., flavonols, 
flavones, flavanones, flavanols, isoflavones, flavanonols, and anthocyanidins (Fig. I.4) 

[49], of which flavones and flavonols are the most widely occurring and structurally 
diverse [50]. Substitutions to rings A and B give rise to the different compounds 

within each class of flavonoids [51]. These substitutions may include oxygenation, 

alkylation, glycosylation, acylation, and sulfation [47-49]. 

    Major dietary sources of Flavonoids in the form of flavonols, flavones, isoflavones, 

flavonones are, tea, red wine, apple, tomato, cherry, onion, thyme, parsley, soyabeans, 

and other legumes, grape fruit, orange, lemon and ginkgo [52]. 

 

 
Figure I.3. Structure of flavonoid molecule. 

 

     Most flavonoids are yellow compounds, and contribute to the yellow color of the 

flowers and fruits, where they are usually present as glycosides and within any one 

class may be characterized as monoglycosidic, diglycosidic and so on. There are over 

2000 glycosides of the flavones and flavonols isolated to date. Both O- and C-
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glycosides are common in plant flavonoids; e.g., rutin is an O-glycoside, whereas 

isovitexin is a C-glycoside. Sulphated conjugates are also common in the flavone and 
flavonol series, where the sulphate conjugation may be on a phenolic hydroxyl and / 

or on an aliphatic hydroxyl of a glycoside moiety. 

     Flavonoids are responsible for red and dark blue color of berries, as well as orange 

and yellow coloring citrus fruits. In the human body they play a similar role as 

vitamins [53-54]. 

 

 

 

Figure I.4. Structure of major classes of flavonoids. 

 

 

 

Anthocyanes 
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Table I.2. Flavonoids, classes, subclasses and different sources. 

Class name, Sub-class 

name and backbone 

structure 

 

Examples 

 

Position of Hydroxyl groups / substituted hydroxyl groups / other substituents 

 

Some Sources 

 

Ref. 

Flavones 

 

 

 

- Luteolin 

- Apigenin 

- Chrysin 

- Baicalein 

2 3 4 5 6 7 8 2’ 3’ 4’ 5’ 6’   

 

[55-56], 

[57-58], 

[59-60]. 

- - - OH - OH - - OH OH - - Cichorium endivia. 
Medicago sativa. 
Oroxylum indicum. 

- - - OH - OH - - - OH - - 

- - - OH - OH - - - - - - 

- - - OH OH OH - - - - - - 

 

Flavanones   

 

 

- Hesperitin 

- Naringenin 

 

- 

 

- 

 

- 

 

OH 

 

- 

 

OH 

 

- 

 

- 

 

OH 

 

OCH3 

 

- 

 

- 

 

Citrus and grape 

fruit peels. 

 

[61-62], 

[63]. - - - OH - OH - - - OH - - 

            

 

Flavonols 

 

 

- Quercetin 

 

- 

 

OH 

 

- 

 

OH 

 

- 

 

OH 

 

- 

 

- 

 

OH 

 

OH 

 

- 

 

- 

 

Propolis, honey, 

chamomile and 

linden, Ginkgo 
biloba, Blue gum 

eucalyptus. 

 

[64-65], 

[66-67]. - Kaempferol - OH - OH - OH - - - OH - - 

- Galangin - OH - OH - OH - - - - - - 

- Fisetin - OH - - - OH - - OH OH - - 

- Myricetin - OH - OH - OH - - OH OH OH - 

- Morin - OH - OH - OH - OH - OH - - 

- Hyperoside - O-Gal - OH - OH - - OH OH - - 

- Heliosin - O-diGal - OH - OH - - OH OH - - 



CHAPTER I                                                                                                                                                                                                                                                                                     Secondary metabolites in plants 

 

12 

 

Class name, Sub-class 

name and backbone 

structure 

 

Examples 

 

Position of Hydroxyl groups / substituted hydroxyl groups / other substituents 

 

Some Sources 

 

Ref. 

Flavanonols 

 

 

 

- Taxifolin 

2 3 4 5 6 7 8 2’ 3’ 4’ 5’ 6’  

 
Larix gmelinii and 

Chinese lacquer 

tree. 

 

 

[68-69] 
 

- 

 

OH 

 

- 

 

OH 

 

- 

 

OH 

 

- 

 

- 

 

OH 

 

OH 

 

- 

 

- 

- Fustin - OH - - - OH - - OH OH - - 

            

 

Flavan-3-ols 

 

 

- (+) Catechin 

 

- 

 

β OH 

 

- 

 

OH 

 

- 

 

OH 

 

- 

 

- 

 

OH 

 

OH 

 

- 

 

- 

 

Green tea, black 

tea, cocoa. 

 

[70-71], 

[72]. - (-) Epicatechin - α OH - OH - OH - - OH OH - - 

- (-) Epigallo 

catechin 

- 

 

α OH - OH - OH - - OH OH OH - 

- (-) Epicatechin -

3-gallate 

- α O-

Gallate 

- OH - OH - - OH OH - - 

- (-) Epigallo 

catechin-3-gallate 

 

- α O-

Gallate 

- OH - OH - - OH OH OH - 

 

Isoflavonoids 

 

 

- Genistein 

 

- 

 

- 

 

- 

 

OH 

 

- 

 

OH 

 

- 

 

- 

 

- 

 

OH 

 

- 

 

- 

 

Leguminous family 

plants (soybean), 

red clover. 

 

[73-74], 

[75-76], 

[77-78]. 
- Genistin - - - OH - OGl - - - OH - - 

- Daidzein - - - - - OH - - - OH - - 

- Daidzin - - - - - OGl - - - OH - - 

- Biochanin - - - OH - OH - - - OCH3 - - 

- Formononetin 

 

 

- - - - - OH - - - OCH3 - - 
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Class name, Sub-class 

name and backbone 

structure 

 

Examples 

 

Position of Hydroxyl groups / substituted hydroxyl groups / other substituents 

 

Some Sources 

 

Ref. 

 

Neoflavonoids (4-phenyl 

coumarine) 

 

 

 

 

- Dalbergin 

2 3 4 5 6 7 8 2’ 3’ 4’ 5’ 6’  

 

Widely distributed 

in plant kingdom. 

 

 

[79-80]. 
- - - - OH OCH3 - - - - - - 

- Calophyllolide Complex structure 

- Inophyllums B, 

P, G, F 

Complex structure 

 

Chalcones 

 

 

- Isoliquiritigenin 

 

- 

 

- 

 

OH 

 

- 

 

- 

 

- 

 

- 

 

OH 

 

- 

 

OH 

 

- 

 

- 

 

Apples, flowers, 

hop, beer. 

 

[77-81], 

[82-83], 

[84]. 
- Flavokawain A - - OCH3 - - - - OH - OCH3 - OCH3 

- Flavokawain B - - - - - - - OH - OCH3 - OCH3 

- Flavokawain C  - - OH - - - - OH - OCH3 - OCH3 

- 

Gymnogrammene 

- - OCH3 - - - - OH - OCH3 - OH 

Anthocyanidins 

 

 

- Cyanidin 

 

- 

 

OH 

 

- 

 

OH 

 

- 

 

OH 

 

- 

 

- 

 

OH 

 

OH 

 

- 

 

- 

 

Red and blue 

flowers petals, 

fruits and 

vegetables. 

 

[85-86], 

[51]. - Pelargonidin - OH - OH - OH - - - OH - - 

- Peonidin - OH - OH - OH - - OCH3 OH - - 

- Delphinidin - OH - OH - OH - - OH OH OH - 

- Petunidin - OH - OH - OH - - OH OH OCH3 - 

- Malvidin - OH - OH - OH - - OCH3 OH OCH3 - 
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Anthocyanins 

 

- Cyanidin-3-

glucoside 

2 3 4 5 6 7 8 2’ 3’ 4’ 5’ 6’ 
 

 

- 

 

 

OGl 

 

 

- 

 

 

OH 

 

 

- 

 

 

OH 

 

 

- 

 

 

- 

 

 

OH 

 

 

OH 

 

 

- 

 

 

- 

- Cyanidin-3-

rutanoside 

- ORu - OH - OH - - OH OH - - 

 

- Cyanin 

 

- 

 

OGl 

 

- 

 

OGl 

 

- 

 

OH 

 

- 

 

- 

 

OH 

 

OH 

 

- 

 

- 

- Pelargonidin-3-

glucoside. 

- OGl - OH - OH - - - OH - - 
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I.3.2.2. Flavonoids and Bioactivities in plants 

    Several flavonoids possess antioxidant, antimicrobial, anticancer, anti-
inflammatory, antiviral, hepatoprotective, antihepatotoxic and antitumour properties. 
Many traditional medicines and medicinal plants contain flavonoids as the bioactive 
compounds. The antioxidant properties of flavonoids present in fresh fruits and 
vegetables are thought to contribute to their preventative effect against cancer and 

heart diseases. We describe here in details each propriety: 

 Antioxydant Activity: Flavonoids are well known for their antioxidant 

activity, they are specific compounds that protect human, animal and plant cells 

against the damaging effects of free radicals. An imbalance between antioxidants and 

free radicals results in oxidative stress will / may lead to cellular damage [86].        

The capacity of flavonoids to act as antioxidants depends upon their molecular 

structure. The position of hydroxyl groups and other features in the chemical structure 

of flavonoids are important for their antioxidant and free radical scavenging activities. 

The acknowledged dietary antioxidants are vitamin C, vitamin E, selenium and 

carotenoids. However, recent studies have demonstrated that flavonoids found in 

fruits and vegetables may also act as antioxidants [87]. On the other hand flavonoids 

such as luteolin and cathechins, are better antioxidants than the nutrients antioxidants 

such as vitamin C, vitamin E and β-carotene [88]. The function of an antioxidant is to 

intercept and react with free radicals at a rate faster than the substrate. Since free 

radicals are able to attack at a variety of target including lipids, fats and proteins, it is 

believed that they may damage organisms, leading to disease and poisoning [89]. 

 

 Antibacterial Activity: Flavonoids are known to be synthesized by plants in 

response to microbial infection; thus it should not be surprising that they have been 

found in vitro to be effective antimicrobial substances against a wide array of 

microorganisms. Flavonoid rich plant extracts from different species have been 

reported to possess antibacterial activity [90-93]. 

 

 Anticancer Activity: Dietary factors play an important role in the prevention 

of cancers. Fruits and vegetables having flavonoids have been reported as cancer 

chemopreventive agents [91-94]. Consumption of onions and/or apples, two major 

sources of the flavonol quercetin, is inversely associated with the incidence of cancer 

of the prostate, lung, stomach, and breast. In addition, moderate wine drinkers also 

seem to have a lower risk to develop cancer of the lung, endometrium, esophagus, 

stomach, and colon [95]. 

 

 Antiviral Activity: Naturally occurring flavonoids with antiviral activity have 

been recognized since the 1940s and many reports on the antiviral activity of various 

flavonoids are available. Search of effective drug against human immunodeficiency 

virus (HIV) is the need of hour. Most of the work related with antiviral compounds 

revolves around inhibition of various enzymes associated with the life cycle of 



CHAPTER I                                                                                                                                      Secondary metabolites in plants 

 

16 

 

viruses. Structure function relationship between flavonoids and their enzyme 

inhibitory activity has been observed. Gerdin and Srensso [96] demonstrated that 

flavan-3-o1 was more effective than flavones and flavonones in selective inhibition of 

HIV-1, HIV-2, and similar immunodeficiency virus infections. 

 

 Hepatoprotective Activity: Several flavonoids such as catechin, apigenin, 

quercetin, naringenin, rutin, and venoruton are reported for their hapatoprotective 

activities [97]. Different chronic diseases such as diabetes may lead to development of 

hepatic clinical manifestations.  

 

 Anti-Inflammatory Activity: Inflammation is a normal biological process in 

response to tissue injury, microbial pathogen infection, and chemical irritation; certain 

members of flavonoids significantly affect the function of the immune system and 

inflammatory cells [98]. A number of flavonoids such as hesperidin, apigenin, 

luteolin, and quercetin are reported to possess anti-inflammatory and analgesic 

effects. Flavonoids may affect specifically the function of enzyme systems critically 

involved in the generation of inflammatory processes [99]. 

Like as phenolic acids, flavonoids are secondary metabolites of plants with 

polyphenolic structure thus flavonoid groups of polyphenolic compounds have low 

toxicity in mammals and are widely distributed in plant kingdom [100].  

The role of flavonoids in flowers is to provide colors attractive to plant pollinators 

[101] and in leaves, these compounds are increasingly believed to promote 

physiological survival of the plant, protecting it from, for example, fungal pathogens 

and UV-radiation [102]. 

In addition, flavonoids are involved in photosensitization, energy transfer, the actions 

of plant growth hormones and growth regulators, control of respiration and 

photosynthesis, morphogenesis and sex determination  [103], Although flavonoids are 

amongst of the chemicals that give the plant a rich taste and the flavor may act as an 

attractant or repellent to pollinators or pests [104]. 

 

I.3.2.3. Role of flavonoids in plant physiology 

     Flavonoids are universal within the plant kingdom; they are the most common 

plant pigments next to chlorophyll and carotenoids. They are recognized as the 

pigments responsible for autumnal leaf colors as well as for the many shades of 

yellow, orange and red in flowers. Their functions include protection of plant tissues 

from damaging UV radiation, acting as antioxidants, enzyme inhibitors, pigments and 

light screens. The compounds are involved in photo-sensitization and energy transfer, 

action of plant growth hormones and growth regulators, as well as defense against 

infection [105]. The plant response to injury results in increased synthesis of 

flavonoid aglycones (including phytoalexins) at the site of injury or infection.  
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Flavonoids can be considered as important constituents of the human diet average 

consumption are estimated at approximately 1 g flavonoids per person per day, 

although the amount of absorbed flavonoids may be much lower. Flavonoid aglycones 

that reach the large bowel are subject to ring fission by intestinal bacteria, a process in 

which the middle (non-aromatic) carbon ring is split apart into smaller fission 

metabolites. These metabolites are readily absorbed and some are known to possess 

therapeutic benefits in their own right [106]. 

 

I.3.2.4. Flavonoids and health benefits 

     Experiments have proven flavonoids affect the heart and circulatory system and 

strengthen the capillaries. They are often referred to as ‘biological stress modifiers’ 
since they serve as protection against environmental stress [105]. They are also known 

to have synergistic effects with ascorbic acid. Their protective actions are mainly due 

to membrane stabilising and antioxidant effects. 

In the Zutphen Elderly Study (in Holland) carried out on 805 men aged 65–84 years, 

dietary intake of flavonoids was calculated during a five-year period. The study 

indicates that the intake of flavonoids is inversely associated with mortality from 

coronary heart disease and, to a lesser extent, myocardial infarct. The main sources of 

flavonoids in the men’s diets were tea, onions and apples. These flavonoids include 

quercetin, kaempferol and myricitin as well as the catechin- type condensed tannins 

found in black tea [107]. 

Epidemiological studies with dietary flavonoids have also demonstrated an inverse 

association with incidence of stroke [108]. 

 

I.3.3. Anthraquinones 

I.3.3.1. Generalities on anthraquinones 

     Anthraquinone derivatives are the largest group of natural quinones. Other natural 

quinones are naphthoquinones and benzoquinones. Anthraquinones also constitute 

one of the largest group of natural pigments with about 700 compounds described, in 

which the compounds most frequently reported are emodin, physcion, catenarin and 

rhein. Around 200 of these compounds are issued from flowering plants while the rest 

of them are produced by lichens and fungi [109]. They can be found in all parts of the 

plants: roots, rhizomes, fruits, flowers and leaves. 

Anthraquinones are yellow-brown pigments, most commonly occurring as O-

glycosides or C-glycosides. Their aglycones consist of two or more phenols linked by 

a quinone ring. Hydroxyl groups always occur at positions 1 and 8, that is, 1, 8-

dihydroxyanthraquinones.  
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For the first time, in 1835, scientist Laurent synthesized anthraquinone via oxidation 

of anthracene though the researchers did not take interest on this for a long time [110]. 

Later in 1868, the importance of anthraquinones and its derivatives for the dye 

industry was recognised, when Graebe and Liebermann prepared anthracene from 

alizarin (1, 2-dihydroxyanthraquinone) also, alizarin via anthraquinone. Since then, 

there was a rapid growth in the chemistry of anthraquinone by discovering many 

anthraquinone dyes. Plenty of studies on the spectral characteristics of the 

anthraquinone were available in literature [111]. 

Most of these compounds are derivatives of the basic structure 9, 10-anthracenedione, 

a tricyclic aromatic organic compound with formula C14H8O2. The latter is a yellow 

solid crystalline powder that absorbs visible light and is the basic structure of a large 

class of dyes and pigments [112]. Glycosylated anthraquinones are also present within 

the plant, for instance in rhizomes to favour their accumulation and storage in the 

plant [113], but they are converted into aglycone anthraquinones by -glucosidases or 

oxidative processes. However, some studies only report the presence of non-

glycosylated anthraquinones in varied seeds [114-117]. Many anthraquinones are 

especially common in the families of Fabaceae (Cassia), Liliaceae (Aloe), 

Polygonaceae (Rheum, Rumex), Rhamnaceae (Rhamnus), Rubiaceae (Asperula, 

Coelospermum), and Scrophulariaceae (Digitalis) [117]. A wide body of literature has 

demonstrated that natural anthraquinones possess a broad range of bioactivities such 

as anticancer, anti-inflammatory, immunosuppressive, antimicrobial, diuretic, 

cathartic, laxative, vasorelaxing, antioxidant and phytoestrogen activities [118-120]. 

Anthraquinone derivatives such as rhein, the main active substance of traditional 

Chinese herb rhubarb have demonstrated several interesting biological properties, 

notably immunosuppressive and anti-inflammatory [121]. In addition, anthraquinones 

also have an important role in the electron transport chain to maintain biological 

functions of plants. According to Strotmann et al. the anthraquinone dyes inhibit 

energy transfer in the photosynthesis process [122]. 

This compound is also a potential candidate for DNA interaction with subsequent 

positive and / or negative effects [123]. Thus, the analysis of natural anthraquinones is 

significant to various fields including the investigation of physiological properties of 

anthraquinones, to evaluate the risks and potentialities on human health, and 

therapeutic monitoring. 

 

I.3.3.2. Protective benefit of anthraquinones 

     Natural anthraquinones are distinguished by a large structural variety, wide range 

of biological activity and low toxicity. Bioactive properties well known of 

anthraquinones are laxative properties. However, other activities are described in the 

literature.  



CHAPTER I                                                                                                                                      Secondary metabolites in plants 

 

19 

 

 Laxative activity: Anthraquinone derivatives are well-known for their 

laxative action, as was shown in a number of plants: folia sennae, rhizome rhein, 

cortex frangulae and aloe. For example, depending on the administrated dose, 1, 8-

anthraquinone induces laxative or purgative activity. At therapeutic doses, they are 

stimulant laxatives by directly stimulating colonic smooth muscles [124-125].  

 

 Anticancer activity: In addition, physcion and emodin are kinase and 

tyrosinase inhibitors and have demonstrated cytotoxicity against cancer cells. Another 

study including six anthraquinones (nordamnacanthal, alizarin-1-methyl ether, 

rubiadin, soranjidiol, lucidin-metthyl ether and morindone) isolated from cell cultures 

of Morinda elliptica were assayed for antitumor and antioxidant activities at the 

concentration of 2.0 g/ml. Moreover, aloe emodin showed a significant antileukemic 
activity against the P-388 lymphocytic leukemia in mice, corresponding to a tumor-

inhibitory activity. This component was isolated from the seeds of Rhamnus frangula 

L. [125]. 

 

 Hepatoprotective activity: Isolated from the roots of Berchemia genus, 

several anthraquinones comprising physcion, aloe emodin, xanthorin, chrysophanol 

and 1, 5, 8-trihydroxy-3-methyl-anthraquinone had a positive effect against D-

galactosamine-induced toxicity in rat hepatic epithelial cells [125]. 

 

 Antimicrobial activity: Two anthraquinones isolated from Kniphofia foliosa 

roots yielded high inhibition for the malaria parasite (Plasmodium falciparum) with 

ED50 valued of 0.260 and 0.537 g/ml [126]. In addition, emodin isolated from Cassia 
nigricans leaves demonstrated an efficient antimicrobial activity against 
Staphylococcus aureus, Corynebacterium pyogenes, Streptococcus pyogenes, Bacillus 
subtilis, Salmonella typhi, Escherichia coli, Pseudomonas aeruginosa, Candida 
albicans, Neisseria gonorrhoea, and Klebsiella pneumonia: it showed significant 
antimicrobial activity onSome common pathogens. The LC50 (lower – upper limits) of 

the emodin was 42.77 (11.80–72.94) g/ml [127]. 

 

 Antifungal activity: Rhein, physcion, aloe-emodin and chrysophanol 

extracted from Rheum showed an antifungal activity against Candida albicans, 

Cryptococcus neoformans, Trichophyton mentagrophytes and Aspergillus fumigates 

[125]. Another study has revealed the antifungal activity of root and leaf extracts of 

Coccoloba mollis, this plant activity was tested against Botryospheria ribis, 

Botryosphaeria rhodina, Lasiodiplodia theobromae and several Fusarium sp. And 

showed promising results for their use as fungicides, where emodin was the most 

active compound [128]. 

 

 Antiviral activity: Chrysophanol from the Dianella genus has revealed an 

antiviral activity against poliovirus through in-vitro essays. It has been found to 

inhibit the replication of poliovirus types 2 and 3 in vitro. It inhibited poliovirus-

induced cytopathic effects with IC50 of 0.21 and 0.02 µg/mL for poliovirus types 2 
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and 3, respectively. Compared to rhein, aloe emodin, emodin and 1, 8-

dihydroxyanthraquinone, chrysophanol was the most effective antiviral component 

against poliovirus type 3 [125]. 

 

 Antidiabetic activity: Chrysophanol and its glycoside form have shown an 

antidiabetic effect. The antidiabetic activity was examined by glucose transport 

activity. Chrysophanol and Chrysophanol-8-O-β-d-glucopyranoside up to 100 µM and 

25 µM exerted mild Glucose transport activity. These two anthraquinones from 

rhubarb rhizome have anti-diabetic properties and could play metabolic roles in the 

insulin-stimulated glucose transport pathway [129]. 

 

 Antioxidant activity: The antioxidant activity of the compounds isolated from 

the AtOAc extract of the Muehlenbeckia hastulata plant was measured by bleaching 

of the DPPH (1, 1diphenyl-2-picryl hydrazyl) radical scavenging method. Three 

anthraquinones, emodin, physcion and emodin-8-β-d-idopyranoside were isolated 

from the leaves of this plant. The antioxidant activity assays show that physcion was 

the most active compound. Emodin had weaker activity, possibly because of the 

formation of intermolecular hydrogen bridges which may inactivate its antioxidant 

property. Moreover, emodin-8-β-d-idopyranoside was more active than emodin. The 

presence of the glycoside moiety increases the radical scavenging activity by 48.9% 

[130]. 

 

 Industrial applications: Anthraquinones may be used as color agents and 

represent the biggest group of quinine dyes. Different dye groups are employed: 

natural and synthetic. Until the 19th century, natural dyes were mostly used to color 

textiles, hides and animal skins, and had a great interest in the cosmetic, 

pharmaceutical and food-processing fields. Some natural anthraquinones are 

colorless. But natural anthraquinoid dyes’colorations are the results of synergistic 
action (anthraquinones together with other molecules present in the matrix) or of 

reaction products issued from transformation processes. Consequently, these 

molecules can include a large variety of forms and natures or being originally [131-

132]. Moreover, the effects of substituents on the electronic spectrum of 

anthraquinone show that the nature and number of the substituents, as well as their 

position, play a major role in coloring properties. Nowadays, with increasing 

awareness of the adverse effects of synthetic chemicals, natural dyes have a real 

interest for the formulation of varied products. Anthraquinones have been associated 

to lichens and mushrooms to stain several matters in colors varying from yellow to 

orange.  
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I.3.3.3. Classification of anthraquinones 

a - Anthracene / anthraquinone glycosides 

     The aglycones of anthracene glycosides belong to structural category of anthracene 

derivatives. Most of them possess an anthraquinone skeleton, and are called 

anthraquinone glycosides, e.g. rhein 8-O-glucoside and aloin (a C-glucoside) [133]. 

The most common sugars present in these glycosides are glucose and rhamnose (Fig. 

I.5). 

 

 

 

Figure I.5. Anthracene, anthracene derivatives skeleton 

 

 

     The following structural variations within anthraquinone aglycones are most 

common in nature [133] (Fig. I.6). 

 

Figure I.6. Anthraquinone derivatives skeleton 

     Dimeric anthraquinone and their derivatives are also present as aglycones in 

anthraquinone glycoside found in the plant kingdom [133] (Fig. I.7). 
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Figure I.7. Dimeric anthraquinone derivatives skeleton 

 

b - Sennosides 

     The most important anthraquinone glycosides are sennosides, found in the senna 

leaves and fruits (Cassia senna or Cassia angustifolia). These are, in fact, dimeric 

anthraquinone glycosides [133]. However, monomeric anthraquinone glycosides are 

also present in this plant (Fig. I.8). 

 

  

 

Figure I.8. Sennoside (anthraquinone glycoside) derivatives skeleton 

 

 

c - Cascarosides 

     Cascara bark (Rhamnus purshianus) contains various anthraquinone O-glycosides, 

but the main components are the C-glycosides, which are known as cascarosides. 

Rhubarb (Rheum palmatum) also contains several different O-glycosides and 

cascarosides. Aloe vera mainly produces anthraquinone C-glycosides, e.g. aloin [133]. 
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Figure I.9. Cascarosides derivatives skeleton 
 

 

I.3.3.4. Biosynthesis of anthraquinones glycosides 

     In higher plants, anthraquinones are biosynthesized either via acylpolymalonate (as 

in the plants of the families Polygonaceae and Rhamnaceae) or via shikimic acid 

pathways (as in the plants of the families Rubiaceae and Gesneriaceae) as presented in 

the following biosynthetic schemes (Fig. I.10 and Fig. I.11). 

 

 

Figure I.10. Acylpolymalonate pathway 
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Figure I.11. Shikimic acid pathway 

 

I.1.3.4. Tannins  

     Tannins, the relatively high molecular weight compounds found in complexes with 

alkaloids, polysaccharides and proteins, are a group of water-soluble polyphenols. 

They may be subdivided into hydrolysable and condensed tannins. The hydrolysable 

tannins are are esters of gallic acid (gallo- and ellagi-tannins), while the latter (also 

known as proanthocyanidins) are polymers of polyhydroxyflavan-3-ol monomers. A 

third subdivision, the phlorotannins consisting entirely of phloroglucinol, has been 

isolated from several genera of brown algae [134], but these are not significant in the 
human diet [7]. They are  found grape (dark/light) seed/skin, apple juice, strawberries, 

blackberry, olive, plum, chick pea, black-eyed peas, lentils, haricot bean, red/white 

wine, cocoa, chocolate, tea, coffee, immature fruits are the main sources of tannins 

[37-135]. 

     Tannins, commonly referred as tannic acid, have been reported to be responsible 

for decreases in feed intake, growth rate, feed efficiency, net metabolizable energy, 

and protein digestibility in experimental animals. Therefore, tannins-rich foods, such 

as betel nuts and herbal teas, are considered to be of low nutritional value. However, 

many researches indicated that the major effect of tannins was not due to their 

inhibition on food consumption or digestion but rather the decreased efficiency in 

converting the absorbed nutrients to new body substances. The anticarcinogenic and 

antimutagenic potentials of tannins may be related to their antioxidative property, 

which is important in protecting cellular oxidative damage, including lipid 

peroxidation. Tannins have also been reported to exert other physiological effects, 
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such as to accelerate blood clotting, reduce blood pressure, decrease the serum lipid 

level, produce liver necrosis, and modulate immunoresponses [136-137]. 

I.1.3.5. Stilbenes  

     Stilbenes are structurally characterized by the presence of a 1, 2-diphenylethylene 

nucleus with hydroxyl groups substitued on the aromatic rings. They exist in the form 

of monomers or oligomers. The best known compound is trans-resveratrol, possessing 

a trihydroxystilbene skelelton [138], it’s found in various plants (grapes, berries, 
peanuts, cocoa), as well as in red wine. The major dietary sources of stilbenes include 

grapes, wine, soy, peanuts, and peanut products [139]. 

Due to their various biological activities, such as antioxidant, anti- cancer, estrogenic, 

and antibacterial actions, trans-resveratrol has attracted the attention of many 

researchers [140-141]. 

 

I.1.3.6. Sterols 

     The majority of steroids are alcohols; they called sterols [142]. Sterols are steroids 

derived from triterpenes and forming a whole group of solid alcohols [143]. These are 

tetracyclic compounds most often containing 27, 28, or 29 carbon atoms. The 

perhydrocyclopentanophenanthrene nucleus most often has a double bond frequently 

in 5, but can be found in 7, much more rarely in C-8 or C-9. The methyl groups 18 

and 19, the alcohol function at 3 and the side chain at 17 are in β configuration. The 

side chain which may be saturated or have one or two double bonds has 8, 9 or 10 

carbon atoms. They are the constituents of the membranes of various cellular 

metabolites and the most characteristic of which is cholesterol [144] (Fig. I.12). 

 

 

Figure I.12. Structure of Cholesterol 

 

I.1.3.7. Phytosterol 

     Phytosterols, which include plant sterols and stanols, are steroid compounds that 

occur in plants and are similar to cholesterol but vary only in carbon side chains and / 

or presence or absence of a double bond, and may lower blood cholesterol levels 

[145]. Thus, phytosterols are considered as plant cholesterols; for they are plant-

derived lipid compounds that are similar in structure and functions to cholesterol 
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[146]. Plant cholesterols are naturally-occurring in the parts of all plants and there are 

claims by researchers that they may promote the health of man and animals when 

consumed regularly for a reasonable period either in natural foods or in enriched food 

supplements. 

Phytosterols have been classified into two: (1) Sterols, which have a double bond in 

the sterol ring, so are unsaturated compounds (Fig. I.13) and (2) Stanols, which lack a 

double bond in the sterol ring, so are saturated molecules (Fig. I.14). The most 

abundant sterols in plants and human diets are Sitosterols and Campesterols. Stanols 

are also present in plants, but they form only 10% of total dietary phytosterols. 

                

Figure I.13. Chemical structures of Sterols. 

 

                

Figure I.14. Chemical structures of Stanols. 

 

I.1.3.7.1. Biological activities of Phytosterols   

 Anti-inflammatory Effects: Limited data from cell culture and animal studies 

suggest that phytosterols may attenuate the inflammatory activity of immune cells, 

including macrophages and neutrophils [147]. Thus, they may have anti-inflammatory 

activities in living systems. 

 

 Safety: In the United States, plant sterols and stanols added to a variety of 

food products are generally recognized as safe (GRAS) by the FDA (Food and Drug 

aministration). The scientific committee on foods of the EU also concluded that plant 

sterols and stanols added to various food products are safe for human use [148]. 

However, the committee also recommended that intakes of plant sterols and stanols 

from food products should not exceed 3 g / day because there is no evidence of health 
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benefits at higher intakes and there might be undesirable effects when they are 

consumed in high amounts. 

     Limited data from animal studies suggest that very high intakes of phytosterols, 

particularly sitosterol, may inhibit the growth of breast and prostate cancers [149-

150]. Some epidemiological studies have found that higher intakes of plant foods 

containing phytosterols are associated with reduced cancer risk; however it is not 

certain whether the protective factors are phytosterols or other compounds in the plant 

foods. Nevertheless, it is reported that phytosterols may inhibit lung, stomach, ovarian 

and breast cancers [151]. 
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II.1. Botanic aspect of Liliaceae family 

II.1.1. Description 

    The diversity of characteristics complicates any description of the Liliaceae 

morphology, and confused taxonomic classification for centuries. The diversity is also 

of considerable evolutionary significance, as some members emerged from shaded 

areas and adapted to a more open environment [1]. They are cosmopolitan in 

distribution, majority of them are found in tropical regions. 

The Liliaceae “Lily family” is mostly perennial herbs from starchy rhizomes, corms 
or bulbs comprising about 289 genera and 4000 species [2] contains many important 

medicinal, edible and ornamental plants. 
 

Liliaceae family is classified as follow: 

 Kingdom : Plantae 

 Subkingdom : Tracheobionta 

 Superdivision : Spermatophyta 

 Division : Magnoliophyta 

 Class : Liliopsida 

 Subclass : Liliidae 

 Order : Liliales 

 Family : Liliaceae (Lily family) 
 

II.1.2. Characters of Liliaceae 

    The Liliaceae family are characterized as monocotyledonous, perennial, 

herbaceous, bulbous (or rhizomatous in the case of Medeoleae) [3] flowering plants 

with simple trichomes (root hairs) and contractile roots [4].  

 

II.1.2.1. Vegetative characters 

    Liliaceae family plants are mostly herbs (like: Asphodelus), perennating by rhizome 

(like: Aloe), bulb (like: Lilium), trees (like; Dracena), climber (like: Asparagus and 

Smilax), xerophytic plants (like: Yucca); cladodes in Asparagus and Ruscus. Their 

main morphological character of the different parts is presented as follows: 

 Roots: are Fibrous adventitious, sometimes tuberous (like: Asparagus). 

 Stems: are Herbaceous, or woody, solid or fistular, underground; aerial climbing 

or erect; underground stem may be corm, bulb or rhizome. 

 Leaves: are Alternate, opposite or whorled, radical and cauline, sessile or 

petiolate, sheathing leaf base; shape is variable scale-like (Asparagus), thick 

succulent and mucilaginous in Aloe. 

  

https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Patterson_2002-5
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Patterson_2002-5
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Plantae
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Tracheobionta
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Spermatophyta
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Magnoliophyta
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Liliopsida
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Liliidae
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Liliales
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Liliaceae
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Rhizomatous.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Medeoleae.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Tamura_1998b-6
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Trichomes.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Root.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Spichiger-7
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 Fruits: A capsule that is usually loculicidal as in the Lilioideae, but occasionally 

septicidal  in the Calachortoideae and wind dispersed, although the Medeoleae 

form berries (baccate) [1]. 

 Seeds: are endospermic; endosperm horny or cartilagenous. 

 

    The family has close affinity with Amaryllidaceae from which it can be 

distinguished by the presence of superior ovary, and absence of corona. It is also close 

to Juncaceae as in both the seeds have albumen but differs from Juncaceae in petaloid 

perianth. 

 

II.1.2.2. Floral characters 

Liliaceae family plants main floral characters are presented as follows: 

 Inflorescence: The flowers are arranged in a cluster or rarely 

are subumbellate (like: Gagea) or a thyrse (spike) [5]. Variable-solitary (like: 

Tulipa, Fritillaria), panicled raceme (like: Asphodelus), solitary axillary (like: 

Gloriosa).  

 Flowers: Hermaphroditic, actinomorphic (radially symmetric) or slightly 

zygomorphic (bilaterally symmetric). The perianth is undifferentiated, formed from 

six tepals arranged into two separate whorls of three parts (trimerous) each. 

The perianth is either homochlamydeous (all tepals equal, like Fritillaria) or 

dichlamydeous (two separate and different whorls,  like Calochortus) and may be 

united into a tube. Nectar is produced in perigonal nectaries at the base of the 

tepals [5-8]. 

 Pollination: Entomophilous rarely self-pollination 

  

II.1.3. Principal secondary metabolites of Liliaceae 

    The Liliaceae family is a rich source of natural products displaying a vast range of 

structural diversity. A multitude of natural products have been isolated and 

characterized from Liliaceae including, dimeric ent-kaurane diterpenes [9-10] 

flavonoid glycosides [11-12], anthocyanins [13-14], stilbenes [15] phenolics [16], 

phenolic glucosides [17], phenolic amides [18], carotenoids [19], sterols [20], 
alkaloids [21] and sulfur-containing compounds [22]. 

II.1.4. Economic importance of Liliaceae family 

    Many plants belonging to this family are useful as: good ornamentals (like: tulipa, 

Lilium, Ruscus, Gloriosa, Dracaena…), in medicine like: Smilax, Aloe, Gloriosa, 

Veratrum, Colchicum, Scilla and Urginea which yield many useful drugs, Rat poison 

is obtained from Urginea and the bulbs of Scilla. Aloe vera yields the “Aloin”, the 
roots of Asparagus yield a tonic and from Colchicum, colchicine is obtained), as 

https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Capsule_(botany).html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Berries.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Patterson_2002-5
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Umbel.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Thyrse.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Simp11-8
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Hermaphroditic.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Actinomorphic.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Perianth.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Tepals.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Merosity.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Perianth.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Tepals.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Fritillaria.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Calochortus.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Nectar.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Simp11-8
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Weberling-11
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Simp11-8
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Simp11-8
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Simp11-8
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
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vegetables and food (Allium cepa (Onion), Allium sativum (Garlic) and Asparagus), 

colchicine (Colchicum autumnale)). As Fibres (Yucca, Phormium tenax yield fibres 

used in commerce) and as a source of resin (Dracaena and Xanthorrhoea yield resin, 

from the acrid resin of Xanthorrhoea sealing wax is prepared). 

 

II.2. Botanic aspect of Asphodelus genus 

II.2.1. Description 

    Asphodelus is a genus of mainly perennial plants first described for modern science 

in 1753. The genus is native to temperate Europe, the Mediterranean, Africa, 

the Middle East, and the Indian Subcontinent, and now naturalized in other places 

(New Zealand, Australia, Mexico, southwestern United States). The word is a 

loanword from Greek. 

The Asphodelaceae consists of the sub-families Asphodeloideae and Alo-oideae. 

Accordingly the genus Asphodeline, Asphodelus, Bilbine, Bulbinella, Eremrus, 

Hemiphlacus, Jodrellia, kniphofia, Paradisea, Simethis and Trachandra are placed in 

the sub-family Asphodeloideae while Aloe, Gasteria, Haworthia, Lomatophylum and 

Poellnitzia are placed in the Alo-oideae [23]. On the other hand, some workers 

consider the above two sub-families as distinct families i.e the Asphodelaceae and the 
Aloaceae [24]. 

Asphodels are also popular garden plants, which grow in well-drained soils with 

abundant natural light [25]. The genus was formerly included in the lily family 

(Liliaceae) [26]. This genus comprises 16 species distributed in Eurasia and the 

Mediterranean: [27-28] Asphodelus acaulis Desf. (Known as Branched asphodel) 

(Fig. II.1) found in Algeria, Morocco and Tunisia, Asphodelus aestivus Brot. (Known 

as Common asphodel and Silver rod) (Fig. II.2) found in southern Europe from 

Portugal to Turkey, Asphodelus albus Mill. (Known as White asphodel, also known as 

Rimmed lichen) (Fig. II.3) and Asphodelus macrocarpus Parl. (Fig. II.4) found in 

some Mediterranean regions, Asphodelus ayardii Jahand. & Maire, found in France, 

Spain, Italy, Algeria, Morocco, Tunisia and Canary Islands. Asphodelus 
bakeri Breistr. Found in western Himalayas of northern India and northern Pakistan. 

Asphodelus bento-rainhae P.Silva and Asphodelus serotinus Wolley-Dod found in 

Spain and Portugal. Asphodelus cerasiferus J.Gay. found in France, Spain, Sardinia, 

Algeria, Morocco and Tunisia. Asphodelus fistulosus L. (also known as Onion-leaved 

asphodel or Onionweed) (Fig. II.5) found in Mediterranean, naturalized in New 

Zealand, Mexico and southwestern United States, Asphodelus gracilis Braun-Blanq. 

& Maire found in Morocco, Asphodelus lusitanicus Cout. Found in Spain and 

Portugal, Asphodelus ramosus L., found in southern Europe, northern Africa, the 

Middle East and Canary Islands, Asphodelus refractus Boiss. found in North Africa 

and Arabian Peninsula from Mauritania, Morocco to Saudi Arabia, Asphodelus 
roseus Humbert & Maire found in Spain and Morocco, Asphodelus 

https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Perennial_plant.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Europe.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Mediterranean.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Africa.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Middle_East.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Indian_Subcontinent.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/New_Zealand.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Australia.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Mexico.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/United_States.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Liliaceae.html#cite_note-Mabberley-9
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Soil.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Asphodelus.html#cite_note-APG4-3
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Asphodelus.html#cite_note-4
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Asphodelus.html#cite_note-4
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Asphodelus.html#cite_note-4
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Asphodelus_aestivus.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Asphodelus_albus.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Asphodelus_macrocarpus.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Asphodelus_fistulosus.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Ant%C3%B3nio_Xavier_Pereira_Coutinho.html
https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Asphodelus_ramosus.html
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viscidulus Boiss. Found in North Africa, Middle East and Arabian Peninsula. 

Asphodelus tenuifolius Cav. (Fig. II.6), found in Southeast Europe and northern 

Africa from the Mediterranean south to Mali, Chad, Sudan, Somalia; south-central 

Asia from Caucasus to India. 

 

                         

    Figure II.1. Asphodelus acaulis Desf. [29]     Figure II.2. Asphodelus aestivus Brot. [30] 

 

                     

    Figure II.3. Asphodelus albus Mill. [31]   Figure II.4. Asphodelus macrocarpus Parl. [32] 

 

                     

    Figure II.5. Asphodelus fistulosus L. [33]             Figure II.6. Asphodelus lutea. [34] 

 

II.2.2. Previous phytochemicl studies on Asphodelus genus 

    Previous studies have shown the Asphodelus genus contain several types of natural 

compounds as shown in Table II.1. 
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Table II.1. Isolated compounds from Asphodelus genus. 

Species Isolated compounds Part Ref. 

 
Asphodelus 

microcarpus 

 

 Oleic acid methyl ester 
 

 
Chrysophanol 

 

 
10- (chrysophanol-7’-yl)-10-hydroxychrysophanol- 

9-anthrone 
 

 
Asphodelin-10’-oxanthrone-(10’S)-D- 

arabinopyranoside. (asphodoside C). 

 

Leaves 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[35] 

 

 

[35-7] 

 

 

 

 

 

 

[35] 

 

 

 

 

 

 

 

 

 

 

[35] 

 

 

 

 

https://ipfs.io/ipfs/QmXoypizjW3WknFiJnKLwHCnL72vedxjQkDDP1mXWo6uco/wiki/Asphodelus.html#cite_note-4
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Methyl-1,4,5-trihydroxy-7-methyl-9,10-dioxo-9,10- 

dihydroanthracene-2-carboxylate 

 

 
(1R) 3,10-Dimethoxy-5-methyl-1H-1,4-

epoxybenzo[h]iso-chromene 

 

 
3,4-dihydroxy-methyl benzoate 

 

 
3,4-dihydroxybenzoic acid 

 

 
6-methoxychry-sophanol 

 

 
asphodelin A 4’-O-α-D-glucoside 

 

 
3-(2’ ,4’-Dihydroxyphenyl)-4,7-dihydroxy-2H-1-

benzopyran-2-one. 

 

Tubers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bulbs 

and 

roots 

 

 

 

 

 

 

 

 

 

[36] 
 

 

 

 

 

 

[36] 

 

 

 

 

 

 

[36] 

 

 

 

 

 

[36] 

 

 

 

 

 

[36] 

 

 

 

 

 

[39] 

 

 

 

 

 

[39] 
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1, 6-dimethoxy-3-methyl-2-naphthoic acid 

 

 
2-acetyl,1,8-dimethoxy,3-methyl-naphthalene 

 

 
aloesaponol III-8-methyl  ether 

 

 
8-methoxy- chrysophanol 

 

 
emodin 

 

 
10-(chrysophanol-7′-yl)-10-hydroxychrysophanol- 

9-anthrone 
 

 
Tubers 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

[41] 

 

 

 

 

[41] 

 

 

 

[41] 

 

 

 

 

 

[41] 

 

 

 

 

 

[41] 

 

 

 

 

 

 

[41] 
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Aestivin 

 

 
Ramosin 

 
 

 
Asphodelin-10’-oxanthrone-(10’R) - β - D -

xylopyranoside (Asphodoside A). 
 

 
Asphodelin-10’-oxanthrone-(10’S) - β - D -

xylopyranoside (Asphodoside B). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

whole 
plant 

 

 

 

[41] 

 

 

 

 

 

 

 

 

 
[41-42] 

 
 
 
 
 
 
 
 
 
 
 
 

[47] 

 

 

 

 

 

 

 

 

 

 

[47] 
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Asphodelin-10’-oxanthrone-(10’S) - β - L -

arabinopyrano-side (Asphodoside C). 

 

 
Asphodelin-10’-oxanthrone-(10’R) - β - L -

arabinopyrano-side (Asphodoside D) 

 

 
β- Sitosterol-3-O- β-D-glucopyranoside 

 

 

 

 

 

[47] 

 

 

 

 

 

 

 

 

 

 

 

[47] 

 

 

 

 

 
 
 
 
 
 

[45] 
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Asphodelus 

lutea 

 
2-Acetyl-1-hydroxy-8-methoxy-3-

methylnaphthalene 

 

 
2-Acetyl-8-methoxy-3-methylnaphthoquinone 

 

 
Chrysophanol 

 

 
1,5,8-trihydroxy-3-methylanthraquinone 

 

 
2-acetyl-1,8-dimethoxy-3-methylnaphthalene 

 

 
1-hydroxy-8-methoxy-3-methylanthraquinone 

 

Roots  

[37] 

 

 

 

 

 

 

[37] 

 

 

 

 

[37-41] 

 

 

 

 

 

[37] 

 

 

 

 

 

[37] 

 

 

 

 

[37] 

 

Asphodelus 

aestivus 

 

 
Chlorogenic acid 

 

 

Leaves  

 

[38] 
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Adenosine 

 

 
Phenylalanine 

 

 
Aloe-emodin 

 

 
Tryptophan 

 

 
Aloe-emodin acetate 

 

 
Chyrosphanol 1-O-gentiobioside 

 

 

 

 

[38] 

 

 

 

 

 

 

[38] 

 

 

 

 

[38] 

 

 

 

 

 

[38] 

 

 

 

 

 

[38] 

 

 

 

 

 

[38] 

 

 

 

 

 

 

 

 

 

 



CHAPTER II                                                                                                                Bibliographic study on A. tenuifolius plant 

 

46 

 

 
Isovitexin 

 

 
isoorientin 

 

 
Isoorientin 4’-O-β-glucopyranoside 

 

 
6”-O-(malonyl)-isoorientin 

 

 
6”-O-[(S)-3-hydroxy-3-methylglutaroyl]-isoorientin 

 

 

 

[38] 

 

 

 

 

 

[38] 

 

 

 

 

 

[38] 

 

 

 

 

 

 

[38] 

 

 

 

 

 

 

 

[38] 

 

Asphodelus 

tenuifolius 

 

 

 
Asphorodin 

 

whole 

plant 

 

 

 

 

[40] 
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Caffeic acid 

 

 
Vanillin 

 

 
Asphorin A 

 

 
Asphorin B 

 

 
1-(1, 8-dimethoxy-3-methylnaphthalen-2-yl) 

ethanone. 

 

 
1-(1-hydroxy-8-methoxy-3-methylnaphthalen-2-yl) 

ethanone 
 

 
Trans-N- feruloyltyramine 

 

  

 

 [48] 

 

 

 

[48] 

 

 

 

 

 

[46] 

 

 

 

 

 

 

 

[46] 

 

 

 

 

 

 

 
[41] 

 

 

 

 

 

 
[43] 

 

 

 

 

 

[44] 
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Luteolin 

 

 
Apigenin 

 

 
Luteolin 7-O-β-D-glycopyranoside tetraacetate 

 

 
β-Sitosterol 

 

 
3-Hydrobenzoic Acid 

 

Triacontanoic acid 

 

 

1-octacosanol 

 

 

 

 

  

 

[44] 

 

 

 

 

 

[44] 

 

 

 

 

 

[44] 

 

 

 

 

 

 

 

[45] 

 

 

 

 

 

[45] 

 

 

 

[45] 

 

 

 

[45] 
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II.2.3. Previous biological studies on Asphodelus genus  

    In correlation with the different traditional uses of Asphodelus genus plants, many 

plants of this genus are well known for their interesting biological activities. Various 

Previous biological studies were conducted to determine the different biological 

activities that could be exploited later for therapeutic purposes: Antioxidant, 

antibacterial and antifungal by using various in vitro systems and analysis of marker 

compounds HPLC of methanolic, ethanolic and petroleum ether extracts of A. 
tenuifolius Cav. were studies [48], The antimicrobial activity against some pathogenic 

bacteria and fungi of A. tenuifolus was studied [49], The antioxidant properties of the 

silver nanoparticles (AgNPs) using an extract from the aerial parts of A. aestivus Brot. 

were evaluated using DPPH, ABTS+ and hydrogen peroxide scavenging assays [50], 

Evaluation of antibacterial activity of wild local A. microcarpus and A. lutea crude 

extracts against methicillin resistant Staphylococcus aureus (MRSA) isolates, with the 

evaluation of antimicrobial activity against MRSA clinical isolates using agar wells 

diffusion and determination of minimum inhibitory concentration (MIC) of 

methanolic extract of the two plants was also performed using tetrazolium microplate 

assay [51], A. aestivus Brot. (Asphodelaceae) anthers were analyzed to provide a 

detailed understanding of the events that lead to pollen grain development, 

accompanied by cytochemical observations at different ontogenic stages [52], In vitro 

antioxidant and antifungal activities of A. aestivus Brot. leaves were evaluated. β-

carotene bleaching effect, metal chelating ability, total antioxidant activity (DPPH), 

(ABTS), N,N-dimethyl-p-phenylenediamine  dihydrochloride  (DMPD), superoxide,  

hydroxyl  and  nitric  oxide  (NO)  scavenging  assays  and  antifungal  activities  of 

water  and ethanol extracts were determined [53], Different antioxidant tests were 

employed in order to evaluate the antioxidant activities of methanolic and acetone 

extracts of A. aestivus Brot. leaves [54], Evaluation of the bio-herbicidal potential of 

A. microcarpus L. on Chenopodium album L.; a major wheat pest (Triticum aestivum 

L.) [55], Aqueous-ethanol extract of A. tenuifolius was investigated for hypotensive 

and diuretic activities using in vivo and in vitro models [56], Potential antioxidant 

activities of crude extracts from A. aestivus Brot. tubers were evaluated by 2,2-

diphenyl-1-picrylhydrazyl (DPPH) scavenging assay, cytotoxic and apoptotic activity 

of the extracts on MCF-7 breast cancer cells were evaluated [57], Evaluation of the 

biological activity of A. microcarpus, antioxidant, anti-inflammatory and antibacterial 

activities in ethanolic extract were evaluated [58], Determination of vitamins, 

essential elements and antioxidant activity of A. aestivus L. extracts [59], Fatty-acid 

profiles and antimicrobial activity of A. aestivus seeds were examined [60], and 

finally the evaluation of the antibacterial, antiviral activity and antibiofilm 

susceptibility of A. microcarpus leaves extract [61]. 
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II.2.4. Asphodelus tenuifolius Cavase specie 

     Asphodelus: generic name of Asphodel indicating in Latin and Greek several 

species of Liliaceae, dedicated to the Gods of hell and death who were supposed to eat 

the tubers. The plant is known by vernacular name:  

 English: Asphodel and Onion weed [62] 

 Arabic: Tazia, Acheub el Ibel, Barwaq [63] 

 French: Asphodèle à petites feuilles [63] 

 Urdu language: Piazi and Basri [63] 

 Targui: Izayan [63] 

 

II.2.4.1 Morphological aspect 

   Aphodelus tenuifolius Cav. is an erect annual, 

monocotyledonous herb; root yellowish in young 

plants and dark brown at maturity, superficially 

has the appearance of the taproot system of 

dicotyledons, in fact the ridged and furrowed 

organ is a hard and compacted bundle of fibrous 

roots, which may sometimes twist to give a rope-

like appearance; leaves numerous, all basal, 

hollow,  gradually acuminate to a point, 10 to 40 

cm long, sparse dichotomous branching in upper 

region, stout, 3 mm in diameter (Fig. II.7). 

 

 

     Flowers campanulate, white with pink or 

purple stripe, short pedicel may be jointed; petals 

1.5 cm long in six perianth segments; stamens 

six; simple, superior; flowering progressing 

upward in the inflorescence over a period of 

weeks, normally flowers do not open until late 

afternoon and unless conditions are dull and cool 

will close and wither before the next day; fruit, a 

3-valved globular capsule, dehiscing at partitions 

into the cavity, transversely wrinkled, about 3 

mm long; seeds 3-angled, blackish, finely 

pebbled texture, deep irregular dents on face and 

back (Fig. II.8). Flowering takes place in early 

spring from March to May.      

     

 

     The most significant morphological differences between A. fistulosus and A. 
tenuifolius are that the latter is annual and more dwarfs, its scape is somewhat 

Figure II.7. A. tenuifolius floral diagram 

Figure II.8.  A. tenuifolius Cav. 



CHAPTER II                                                                                                                Bibliographic study on A. tenuifolius plant 

 

51 

 

scabrous at the base, its tepals are smaller, the fruit is proportionally smaller, and the 

peduncles are articulated in the lower half [58]. 

 

II.2.4.2 Classification 

Asphodelus tenuifolius specie is classified as follow [26]: 

 Kingdom: Plantae 

 Phylum : Angiosperms 

 Sub-phylum : Monocotyledous 

 Order : Asparagales 

 Family : Liliaceae (Xanthorrhoeaceae) 

       Sub-family : Asphodeloideae 

 Genus : Asphodelus 

       Species : Asphodelus tenuifolius 

 

II.2.4.3 Geographic distribution 

     Asphodelus tenuifolius Cav. is a native to the Mediterranean region, Canary 

Islands, Madeira, North Africa, South Europe, but it is widespread,  extending from 

Mediterranean region east through the Arabian Peninsula to the Indian Subcontinent, 

also in Malaysia, Australia, Chile, New Zealand, Mexico, United States of America 

[63] until Mascarene Islands [65] (Fig. II.9). 

 

 
Figure II.9. Geographic distribution (in Red) of Asphodelus tenuifolius Cav. 

 

II.2.4.4. Toxicity action 

    The plant is not reported as toxic by nomads. Eaten in big quantities, it can provoke 

indigestion [63]. 
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II.2.4.5. Traditional and Medicinal uses 

    Asphodelus tenuifolius Cav. is used as vegetable [63], the small asphodelus is also 

widely used for various culinary purposes. The leaves are either boiled or cooked in 

oil, and the young shoots are added raw to food to enhance the taste. This plant is little 

appreciated as pasture. The leaves and fruits are collected in spring and prepared by 

maceration in olive oil; the seeds are crushed. The crushed seeds are taken internally, 

mixed with honey or olive oil; the liquid obtained from the macerated leaves is used 

externally as a massage [63]. 

In Egypt, the seeds are reported to be diuretic and are eaten with yoghourt. Similar 

uses as in Algeria are reported for Morocco. The seeds are mixed with cereals to make 

traditional bread and are also eaten as delicacies when mixed with dates. The leaves 

are fried or boiled and are sometimes put in the sauce for couscous [63]. 

As a medicinal plant, Seeds, roots and whole plant are used for medicinal purposes as 

diuretic, cure ulcer and inflamed parts [66], anti-inflammatory, insecticide, treatment 

for skin diseases, constipation [67], diarrhea, epilepsy, diabetes [68], paralysis [69], 

narcotic, sedative, sexual problems [70], cold, cough, fever, piles [71], swellings, 

hypertension, it is also used as antihypertensive. It is believed to be condiment and 

reduce blood pressure and jaundice [72]. Leaf decoction is given in kidney stone 

while leaf paste is applied on swellings, Taken for colds and hemorrhoids (seeds), a 

febrifuge, used for rheumatic pain [73]. 
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III.1. Plant materiel and extraction methods of A. tenuifolius 

III.1.1. Plant collection 

    Aerial parts of A. tenuifolius (Fig. III.1) were collected two times on May 2010 and 

April 2011 from the region of Bechar, Southwest of Algeria. The plant was identified 

by M. Mohamed Benabdelhakem (Ex-Director of the National Agency of 

Preservation of Natural Resources, Bechar, Algeria). An authenticated voucher 

specimen, with the identification number (AS10TEN) was deposited at the herbarium 

of the VARENBIOMOL research unity, University Mentouri of Constantine, Algeria. 

 

Figure III.1. A. tenuifolius Cav. (2011). 

 

III.1.2. Preparation of extracts 

    A total of 1860 g air-dried and powdered aerial parts of A. tenuifolius were 

extracted with EtOH/H2O (80:20, v/v) for 48 hours, three times at room temperature. 

After filtration, the filtrates were concentrated by a rotary evaporator. The combined 

ethanolic extract was evaporated up to 38°C and to give a residue (105.5 g) which was 

suspended in distilled water. Each resulting solution was extracted successively with 

chloroform (3 x 400 ml), ethylacetate (3 x 400 ml) and n-butanol (6 x 400 ml). The 

organic phases were filtered using common filter paper and concentrated in vacuum 

with a water bath at 38°C to obtain the following dry organic extracts: Chloroform 

(5.60 g), Ethyl acetate (7.77 g) and n-Butanol (14.41 g) (Fig. III.2). 

 

III.1.3. Determination of Total Phenolic Content (TPC) 

     The total phenolics content of the different extracts of A. Tenuifolius was 

determined using Folin-Ciocalteu reagent according to the method of Dewanto et al., 
2002 [1] using  gallic  acid  as  a  standard. The reaction mixture was composed by 

mixing 125 µl of the sample solution, 500 µl of distilled water and 125 µl of the Folin-

Ciocalteu reagent. The mixture was shaken.  After 3 minutes, 1250 µl of 7% Sodium 

Carbonate CO3(Na)2 was added, by adding distilled water and mixing well, final 

volume was made up to 3 ml and the mixture was allowed to stand for 90 minutes in 
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darkness at 37°C. The absorption at 760 nm was measured against a blank. The 

reference range is prepared with gallic acid in different concentrations of 50, 100, 

200, 300, 400, 500 ug.l-1. The total phenolics contents were expressed as milligram 

Gallic Acid Equivalents (mg GAE/g) of Dry Weight (DW). All samples were 

analyzed in three replicates. 

 

III.1.4. Determination of Total Flavonoids Content (TFC) 

     Total flavonoids content was determined using the colorimetric method introduced 

by Dewanto et al., 2002 [1]. A volume of 250 μl of the diluted extract (concentration 

of 1 mg/ml of Methanol) was added to 75 μl of Sodium Nitrite (NaNO2 (5%)). After 6 

minutes, 150 µl of AlCl3, 6H2O (10%) was added at sample solution. 5 minutes later, 

500 μl NaOH (1M) was added too at sample solution. By adding distilled water (H2O) 

and mixing well, final volume was made up to 2.5 ml. using blank, absorbance was 

measured at 510 nm. A yellow color indicated the presence of flavonoids. As this 

method is restricted to aglycon part, catechin was used as standard and flavonoid 

contents were measured as Catechin Equivalent (CE). The reference range is prepared 

with Catechin in different concentrations from 50 to 500 mg/l. Extract samples were 

calculated as catechin (µg/mg) using the calibration curve. Results were expressed as 

milligram Catechin Equivalents (mg CE/g) of Dry Weight (DW). Measurements were 

performed at least in triplicate. 

 

III.1.5. Determination of Total Tannin Content (TTC) 

     Condensed tannins were estimated using the method of Sun et al., 1998 [2]. To the 

freshly prepared extracts (0.1 ml), 0.9 ml methanol, 3 ml of 4% vanillin reagent and 

1.5 ml of 9M HCl was added. The solution was mixed thoroughly and absorbance at 

500 nm was recorded after 15 to 20 min of incubation at 30ºC. The standard range is 

prepared with catechin at concentrations ranging from 50 to 600 mg/l. Condensed 

tannins content was calculated from the standard calibration curve based on catechin. 

Results were expressed as milligram Catechin Equivalents (mg CE/g) of Dry Weight 

(DW). Measurements were performed at least in triplicate. 

 

III.1.6. Separation and purification 

III.1.6.1. Chloroform extract of A. teniufolius 

     The residue from Chloroform extract (5.60 g) was dissolved in 5 ml of CHCl3 and 

subjected to column chromatography on silica gel (63–200 mesh, 170 g) eluted with 

n-hexane / EtOAc gradient elution and then with increasing percentages of MeOH), 
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Fractions of 50 ml were collected, to yield 24 fractions (F1- F24) (Table III.1) 

obtained by combining the different eluates based on TLC analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure III.2. Plan of separation and purification of the compounds isolated from  

A. tenuifolius 

 

 

 

 

1860 gr of powdered 
A. tenuifolius aerial part 

EtOH/H2O (80:20, v/v) 

Hydro-alcoholic extract 

CHCl3 

CHCl3 extract (5.60 gr) Aqueous phase 1 

EtOAc extract (7.77 gr) 

EtOAc 

Aqueous phase 2 

Aqueous phase 3 BuOH extract (14.41 gr) 

F1     F2   F3    F4    F5  F6   F7   F8      F9         F10  F11  F12  F13  F14  F15  F16  F17  F18  F19  F20  F21  F22  F23  F24   

13  14  15 

16    12    17    11 
1 2 4+3 

Preparative TLC + C18-
RP-HPLC 
(H2O/Acetonitrile) 

CC (CHCl3/MeOH) + 
Preparative TLC + 
C18-RP-HPLC   
(H2O/Acetonitrile) 

Precipitation 
CC (Hexane/EtOAc) 
+ Preparative TLC 
(Hexane/EtOAc) 

Chromatographic 

Column in Silica gel 

(Hexane/EtOAc) 

F1             F2   F3         F4            F5   F6   F7                               F8        F9     F10    F11     F12 

4 

CC 
(CHCl3/MeOH) 
+ TLC (CHCl3/ 

MeOH) 
5+6 

CC 
(CHCl3/MeOH) 
+ precipitation + 

analytic TLC 

8 

10 7 9 

CC (CHCl3/EtOAc) + 
TLC (CHCl3 + MeOH+ 

TLC (Hexane/EtOAc) 

 

n-BuOH 
Chromatographic 

Column in Silica 

gel 

(Hexane/EtOAc) 

Sephdex LH-20 
+ Analytic C18-HPLC 
(H2O/MeOH) 

CC (CHCl3/MeOH) 
+ analytic C18-
HPLC (H2O/MeOH) 

 

CC (CHCl3/MeOH) 
+ Preparative TLC 
(CH2Cl2 / MeOH) 



CHAPTER III                                                                                                                                                 Materials and Methods 

 

59 

 

Table III.1. Results of chromatographic separation of Chloroform extract by 
silica gel column with Hexane / EtOAc. 

° of 

Fractions 

Collect 

fractions 

Hexane 

 (%) 

Ethyl 

acetate (%) 

Methanol 

(%) 

Weight 

(mg) 

1 1-3 100 0 0 51 

2 4-6 100 0 0 55 

3 7-12 98 2 0 127 

4 13-28 96 4 0 141 

5 29-40 95 5 0 61 

6 41-44 95 5 0 71 

7 45-75 95 5 0 152 

8 76-90 92 8 0 45 

9 91-114 92 8 0 377 

10 115-126 90 10 0 181 

11 127-134 90 10 0 58 

12 135-146 90 10 0 153 

13 147-184 90 10 0 77 

14 185-189 88 12 0 101.0 

15 190-197 88 12 0 390 

16 198-232 85 15 0 188 

17 233-250 85 15 0 94 

18 251-291 80 20 0 132 

19 292-329 80 20 0 79 

20 330-342 80 20 0 52 

21 343-353 80 20 0 104 

22 354-372 75 25 0 45 

23 373-399 70 30 0 57 

24 400-419 60 40 0 112.5 

25 420-434 50 50 0 140 

26 435-446 25 75 0 109 

27 447-450 10 90 50 520 

28 451-460 0 0 100 360 

    

From all these obtained fractions, some of them were chose depend on their richness 

on secondary metabolites using TLC check. 
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 Study of fractions 22 and 23 

    Fractions 22 and 23 (101.90 mg) were combined and subjected to column 

chromatography on a silica gel eluting with CHCl3 / MeOH with an increasing 

polarity to yield 6 subfractions according to their TLC behavior. After purification on 

preparative TLC (Silica gel 254, CHCl3 / MeOH, 90:10, v/v), subfraction 3 (55.10 mg) 

gave a mixture containing four (4) major compounds (Fig. III.3). This mixture was 

subjected to a semi preparative HPLC analysis on a reversed phase column (RP) 

Phenomenex Luna C18 column (250 mm x4.6 mm, 5 µm particle diameter), using 

acetonitrile / H2O (50:50, v/v) at a flow rate of 1.0 ml/min and a detection at 254 nm) 

to give: compound 16 (4 mg, Rt = 15 min.), compound 12 (5 mg, Rt = 19 min.), 

compound 17 (4 mg, Rt = 25 min.) and compound 11 (4 mg, Rt = 28 min.), 

respectively (Fig. III.4). 

    The TLC check of the separated compounds using an elution system of CHCl3 / 

MEOH, (90:10, v/v) gradient showed a single spot for each compound (Fig. III.5). 

 
Figure III.3. TLC of subfraction 3 of Fraction (22+23) eluted with (CHCl3 / 

MEOH, 90:10, v/v) by treating with a Ce(SO4)2 / H2SO4 (before HPLC separation). 

 

 

 
  Figure III.4. RP- HPLC Separation chromatogram of fraction  

                        (22+23) with acetonitrile / H2O (50:50, v/v). 

Figure III.5. TLC of 

separated compounds 

16, 12, 17 and 11 



CHAPTER III                                                                                                                                                 Materials and Methods 

 

61 

 

 Study of fraction 21 

     Fraction 21 (104 mg) was subjected to column chromatography on a silica gel 

eluting with CHCl3 / MeOH with an increasing polarity to yield 2 subfractions 

according to their TLC behavior. After purification on preparative TLC (Silica gel 254, 

CHCl3 / MeOH, 9.5:0.5, v/v), subfraction 2 (45.50 mg) gave a mixture containing 

three (3) major compounds. This mixture was subjected to a semi preparative HPLC 

analysis on a reversed phase column (RP) Phenomenex Luna C18 column (250 

mmx4.6 mm, 5 µm particle diameter), using acetonitrile / H2O (50:50, v/v) at a flow 
rate of 1.0 ml/min and a detection at 254 nm to give: compound 13 (8 mg, Rt = 11 

min.), compound 14 (8 mg, Rt = 12 min.) and compound 15 (6 mg, Rt = 13 min.) 

respectively (Fig. III.6). 

     The TLC check of the separated compounds using an elution system of CHCl3 / 

MEOH, (90:10, v/v) gradient showed a single spot for each compound (Fig. III.7). 

                       
Figure III.6. RP-HPLC Separation chromatogram of fraction  

                  21 with acetonitrile / H2O (50:50, v/v). 

 

 

 Study of fraction 15 

     A quantity of 390 mg of fraction 15 was subjected to column chromatography on 

silica gel eluting with Hexane / Acetone with an increasing polarity to yield 5 

subfractions according to their TLC behavior (Fig. III.8), subfraction 1 showed a 

major spot in TLC with the same eluting system, a purification using a preparative 

TLC (Silica gel 254, using Hexane / EtOAc, 90: 10, v/v) yield to the separation of 

compound 8 (11.5 mg). 

 

 

 

Figure III.7. TLC of 

separated compounds 

13, 14 and 15 
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Figure III.8. TLC of Fraction 15 eluted with (Hexane / EtOAc, 90:10, v/v) by 

treating with a Ce(SO4)2 / H2SO4. 

 

 Study of fraction 10 

     Fraction 10 (181 mg) was subjected to column chromatography on silica gel 

eluting with Hexane / EtOAc with an increasing polarity to yield 3 major subfractions, 

Chromatography of the subfraction 1 on preparative plates with n-hexane / EtOAc 

(80:20, v/v) allowed the isolation of the pure compound 2 (15 mg). 

 Study of fraction 9 

     Fraction 9 (377 mg) was subjected to column chromatography on silica gel eluting 

with CHCl3 / EtOAc with an increasing polarity to yield 12 subfractions, subfraction 

12 showed a major spot in TLC check, this spot was separated using a TLC 

chromatography with CHCl3 / MeOH (90:10, v/v) elution system allowed the 

separation of compound 3 (6.5 mg) (Fig. III.9). 

 
Figure III.9. TLC of Fraction 9 eluted with (CHCl3 / MeOH, 90:10, v/v) by 

treating with a Ce(SO4)2 / H2SO4. 

 

Both subfractions 1 and 2 showed 2 major spots on TLC check (Fig. III.10) with 

Hexane / EtOAc (80:20, v/v) elution system, both spots were separated again using 

TLC chromatography to obtain pure compound 4 (6.5 mg). 
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Figure III.10. TLC of subfraction (1+2) from fraction 9 eluted with (CHCl3 / 

MeOH, 90:10, v/v) by treating with a Ce(SO4)2 / H2SO4. 

 

  

 Study of fraction 2 

    A white precipitate was found in fraction 2, washing with methanol allowed us to 

obtain pure compound 1 (10 mg). 

III.1.6.2. Ethyl Acetate extract of A. tenuifolius 

     The residue from Ethyl Acetate extract (5.70 g) was dissolved in 10 ml of 

Methanol and subjected to column chromatography on silica gel (63–200 mesh, 250 

g) eluted with CHCl3 / MeOH gradient elution and then with increasing percentages 

of MeOH), Fractions of 50 ml were collected, to yield to 12 fractions (F1-F12) (Table 

III.2) obtained by combining the different eluates based on TLC analysis. 

Table III.2. Results of chromatographic separation of Ethyl Acetate extract by 
silica gel column with CHCl3 / MeOH 

N° of 

Fractions 

Collect 

fractions 

CHCl3 

 (%) 

MeOH 

(%) 

Weight 

(mg) 

1 1-13 100 0 551 

2 14-36 100 0 155 

3 37-72 98 2 327 

4 73-98 95 5 141 

5 99-140 90 10 291 

6 141-164 85 15 171 

7 165-185 80 20 459 

8 186-200 75 25 245 

9 201-244 70 30 377 

10 245-266 70 30 181 

11 267-324 50 50 358 

12 135-146 0 100 453 
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 Study of fraction 1 

     Fraction 1 (551 mg) was subjected to column chromatography on a silica gel 

eluting with CHCl3 / MeOH with an increasing polarity to yield 5 subfractions 

according to their TLC analysis. After purification on preparative TLC (Silica gel 254, 

CHCl3 / MeOH, 9.5:0.5, v/v), subfraction 1 (54.50 mg) gave a single major spot. This 

spot was purified by subjecting to an analytic HPLC analysis on a reversed phase 

column (RP) Nucleodur C18 column (250 mm x 4.6 mm, 5 µm particle diameter), 

using MeOH / H2O (from 5 to 100%) at a flow rate of 1.0 ml/min and a detection at 
254 nm (Fig. III.11) to give: compound 9 (5.4 mg, Rt = 16 min.). 

 
Figure III.11. RP-HPLC Separation chromatogram of fraction 1 with MeOH / H2O  

(5% to 100%). 

 Study of fraction 3 

     Fraction 3 (327 mg) was subjected to column chromatography on silica gel eluting 

with CHCl3 / MeOH with an increasing polarity to yield 12 subfractions, subfraction 3 

showed a major spot in TLC check, this spot was separated using a TLC 

chromatography with CHCl3 / MeOH (95:05, v/v) elution system allowed the 

separation of compound 4 (7.5 mg) (Fig. III.12). 

 
Figure III.12. TLC of subfraction 3 from fraction 3 eluted with (CHCl3 / MeOH, 

90:10, v/v) by treating with a Ce(SO4)2 / H2SO4. 
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 Study of fraction 5 

    Fraction 5 (291 mg) was subjected to column chromatography on silica gel eluting 

with CHCl3 / MeOH with an increasing polarity to yield 6 subfractions, a yellowish 

precipitate was observed in subfraction 2, a wash with a quantity of MeOH allowed 

the purification of compound 5 (8.4 mg). 

Subfraction 5 showed a major spot after TLC check, this spot was separated using 

TLC with CHCl3/MeOH, 95:05, v/v to isolate compound 6 (10.1 mg). 

 Study of fraction 7 

    Fraction 7 (459 mg) was subjected to Sephadex LH-20 column eluting with 

Methanol to yield 11 subfractions, subfraction 2 showed a major spot by TLC check. 

This spot was purified by subjecting to an analytic HPLC analysis on a reversed phase 

(RP) Nucleodur C18 column (250 mm x 4.6 mm, 5 µm particle diameter), using 

MeOH / H2O (from 5 to 100%) at a flow rate of 1.0 ml/min and a detection at 254 nm 
to give compound 10 (9.4 mg, tr = 19.2 min) (Fig. III.13). 

 

Figure III.13. RP-HPLC Separation chromatogram of fraction 7 with MeOH / H2O  

(5% to 100%). 

 

 Study of fraction 8 

    Fraction 8 (245 mg) was subjected to column chromatography on silica gel eluting 

with CHCl3 / MeOH with an increasing polarity to yield 5 major subfractions, 

Chromatography of the subfraction 1 on preparative plates with CH2Cl2 / MeOH 

(90:10, v/v) allowed the isolation of the pure compound 7 (10.5 mg). 
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III.2. General experimental procedures 

NMR experiments were performed on: (1) Bruker DRX-600 spectrometer (Bruker 

BioSpin, Rheinstetten, Germany) equipped with with a Bruker 5 mm TCI CryoProbe 

at 300 K. 2D NMR spectra were acquired in CDCl3 and CDOD3 in the phase-sensitive 

mode with the transmitter set at the solvent resonance and time proportional phase 

increment (TPPI) used to achieve frequency discrimination in the ɷ1 dimension. The 

standard pulse sequence and phase cycling were used for DQF-COSY, HSQC and 

HMBC, (2) Bruker-Avance 400 spectrometer by using a 5 mm BBI probe 1H at 400 

MHz and 13C at 100 MHz. HRESI-MS data were acquired on an LTQ Orbitrap XL 

mass spectrometer (Thermo Fisher Scientific, San Jose, CA, USA) operating in 

negative ion mode. ESI-MS mass spectra were taken by using a Bruker Esquire -LC 

spectrometer equipped with an electrospray ion source used in positive or negative ion 

mode by direct infusion of a methanolic solution of the sample, under the following 

conditions: source temperature 300 °C, drying gas N2, scan range 100-1000 m/z. 

LC-MS profiles were performed on a Hewlett–Packard (Palo Alto, CA, USA) Model 

1100 Series liquid chromatograph coupled to a Photo Diode Array detector (Agilent, 

Palo Alto, CA, USA) 1100 Series, and to an Esquire LC–ion trap mass spectrometer 

(BrukerDaltonics, Billerica, MA, USA) equipped with an electrospray ionisation 

(ESI) interface. The Photo Diode Array detector was set at 200-700 nm and the UV-

chanel at 215, 254, 300, 330 nm. The system was A=H2O, B=Acetonitrile, with 

gradient: A=20%, B=80% during 30 min of analysis, then 100% of (B), the split of 

the column effluent was used to achieve a flow rate of 1 ml / min into the mass 

spectrometer. The LC-MS was run on a phenomenex Luna C18 (250 mm x 4.6 mm 

i.d.; 5 μm particle diameter, end-capped). High-purity nitrogen was used as the 

nebulizer, also as the drying gas at 300 °C at a constant flow rate of 6 l/min. Full scan 
spectra were acquired in negative ion mode in the region m/z 100-1000, adopting the 

following parameters: trap drive units, 55.1; capillary exit voltage, -113.0 V; skimmer 

1 voltage, -38.3 V. MS/MS fragmentation experiments were performed on the 

selected precursor ion. Data Analysis (Version 3.0, BrukerDaltonik GmbH) was used 

to analyze the mass spectra. FT-IR (Fourier-transform Infrared) spectra analysis were 

recorded by using a FT-IR Bruker Tensor 27/37 spectrometers equipped with 

Attenuated Transmitter Reflection (ATR) device at 4 cm-1 resolution in the absorption 

region ΔV 4000 – 1000 cm-1. Optical rotations were determined with an Autopol IV 

instrument. Column Chromatography (CC) separations were performed over silica 

gel (63-200 µm, Merck, Darmstadt, Germany). TLC was performed on pre-coated 

Kieselgel 60 F254 plates, (0.2 mm, Merck, Darmstadt, Germany), the spots were 

detected by treating with a Ce (SO4)2 / H2SO4 (Sigma-Aldrich, Milano, Italy). 

Preparative TLC was carried out on Silica gel GF254 (20×20 cm, 1 mm thickness).      

HPLC Merck Hitachi L-6200 equipped with a detector UVIDEC 100-V was 

performed using Phenomenex column Luna® RP-18 (5µ, 250 mm, 4.60 mm). UV 

Spectra were recorded using a Shimadzu model UV -1700 spectrophotometer. 

Optical rotations were determined with an Autopol IV instrument. 
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IV.1. Determination of Total Phenolic Content (TPC) 

     The Folin-Ciocalteu method is a rapid and widely used assay to determine Total 

Phenolic Content (TPC) [1]. This method is based on the reducing power of phenolic 

hydroxyl groups, but it’s known that different phenolic compounds have different 

responses to the Folin-Ciocalteu reagent. The TPC in each extract was 

spectrophotometrically determined by reading the absorbance at 760 nm. 

 

Table IV.1. Total Phenol Contents (TPC) (expressed as mg Gallic Acid Equivalents/g 

of Dry Weight) of A. tenuifolius extracts. * Values expressed as the means ± SD. 

Extracts mg GAE/g DW 

Chloroform 40,99 ± 0.41* 

Ethyl Acetate 24,04 ± 0.55* 

Butanol 10,54 ± 0.20* 

 

   The total phenol contents (TPC) of the various extracts of A. tenuifolius are shown 

in Table IV.1. It was ranging from 10.54 to 40.99 mg GAE/g of DW, The maximum 

phenolic content was found in Chloroform extract (40.99 ± 0.41 mg GAE/g of DW) 

followed by the Ethyl Acetate extract (24.04 ± 0.55 mg GAE/g of DW) and then 

Butanol extract (10.54 ± 0.20 mg GAE.g-1 of DW) which contain considerably the 

smallest concentration of phenols (Fig IV.1). 

 

 
Figure IV.1. Total Phenol Content (TPC) of A. tenuifolius extracts (expressed as mg 

GAE/g of DW) 

 

    The high contents of phenolic compounds indicated that these compounds might 

contribute to an antioxidant activity. This result or conclusion will be confirm later in 

the next studies of the antioxidant evaluation assays on the different extracts. 
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IV.2. Determination of Total Flavonoids Content (TFC) 

     The concentration of flavonoids in various extracts of the A. tenuifolius was 

determined using spectrophotometric method with Aluminum Chloride (AlCl3). The 

content of flavonoids was expressed in terms of Catechin Equivalent (CE/g) of Dry 

Weight (DW) of each extract (Table IV.2.). Total flavonoids content in plant extracts 

ranged from 62.85 to 213.07 mg CE/g of DW. Chloroform and Butanol extracts 

contained the highest flavonoid concentration (Fig. IV.2). The concentration of 

flavonoids in Chloroform extract was 213.07 ± 1.72 mg CE/g, which was very close 

to the value of Butanol extract concentration. The lowest flavonoid concentration was 

measured in Ethyl Acetate extract (62.85 ± 1.33). 

 

Table IV.2. Total Flavonoids Contents (TFC) (expressed as mg Catechin 

Equivalents/g of Dry Weight) of A. tenuifolius extracts. * Values expressed as the 

means ± SD. 

Extracts mg CE/g DW 

Chloroform 213,07 ± 1.72* 

Ethyl Acetate 62,85 ± 1.33* 

Butanol 202,89 ± 6.15* 

 

 

 
Figure IV.2. Total Flavonoids Content (TFC) of A. tenuifolius extracts (expressed as 

mg CE/g of DW) 

 

IV.3. Determination of Total Tannin Content (TTC) 

     The tannins contents were examined in A. tenuifolius various extracts using the 

vanillin reagent is expressed in terms of catechin equivalent. The values obtained for 

the concentration of tannin contents are expressed as mg of CE/g of DW (Table 

IV.3).  
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Table IV.3. Total Tannins Contents (TTC) (expressed as mg Catechin Equivalents/g 

Dry Weight) of A. tenuifolius. * Values expressed as the means ± SD. 

Extracts mg CE/g DW 

Chloroform 11,13 ± 0.25* 

Ethyl Acetate 19,80 ± 1.32* 

Butanol 15,13 ± 1.04* 

    

   The highest concentration of tannins was measured in ethyl acetate extract (19.80 

mg CE/g) and the lowest was measured in Chloroform extract (11.13 mg CE/g). (Fig 

IV.3.). The Butanol extract gave a concentration about 15.13 mg CE/g. 

 

Figure IV.3. Total condensed Tannin Content (TTC) of A. tenuifolius (expressed as 
mg CE/g of DW) 

 

 

IV.4. LC-MS Analysis  

IV.4.1. LC-MS analysis of Chloroform extract 

     The LC-MS chromatogram in negative mode of Chloroform extract of A. 
tenuifolius was shown in (Fig. IV.4) and mass spectrums of the detected compounds 

were shown in (Fig. IV.5). It was observed that the different peaks were obtained at 

different retention times. In this the highest peaks are at the retention time of 37.6 min 

followed by 39.0 min belonging to two majority compounds. 
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Figure IV.4. LC-MC profile in negative mode of Chloroform extract of A. tenuifolius 

 

 

    This liquid chromatographic method has been developed for the determination of 

these compounds. The simultaneous analysis of different classes of polyphenols was 

performed by a single column pass and the separation of all examined compounds 

was carried out in 60 min. 

With the standard reference graphs, the compounds are elucidated using the molecular 

weight (MW). 

The analysis of Chloroform extract by LC-MS (Table IV.4) allowed us the 

identification of several phenolic compounds that are already recognized by their 
abundance in the Asphodelus genus. In agreement with the literature, the phenolic 

compounds identified in this extract using the ESI-MS ion peaks [M-H]- were: 

Apigenin (m/z = 269.0) [2], Luteolin (m/z = 285.0) [3-4], Ramosin (m/z = 671.0) [5], 

Asphodeline (m/z = 505.0) [6-7], Tamgermantin (m/z = 312.2) [8-9]. However some 

compounds are still unidentified (peaks: 1, 2, 4, 11, 12, 15 and 16) and other will be 

identify later in this chapter (peaks: 9, 10, 13 and 14). 

The Mass spectrums of all LC-MS detected compounds of Chloroform extract at 

different retention times were representing in (Fig. IV.5), each peak gave their m/z, 

fragment ions and Retention Time. 
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Figure IV.5. Mass spectrums in negative mode of LC-MS detected compounds of 

Chloroform extract at different retention times. 
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Table IV.4. Bioactive compounds detected and identified by LC-MS of Chloroform 

extract of A. tenuifolius. (NI: Not Identified) 
Peaks Retention  

Time (min) 

m/z  

[M-H]- 

Fragment 

Ions (m/z) 

Molecular 

formula 

Compound 

identification 

Isolated 

compounds 

1 8.9 431.3 269.0 NI NI - 

2 14.5 206.1 - NI NI - 

3 37.6 312.2 297.2-178.1-148.1 C18 H19 O4 N Tamgermanetin 2 

4 38.2 583.0 535.1 NI NI - 

5 39.0 285.0 151.1 C15 H10 O6 Luteolin 4 

6 41.6 269.0 - C15 H10 O5 Apigenin 8 

7 44.5 671.0 - C36 H32 O13 Ramosin - 

8 45.3 269.2 - C15 H10 O5 Apigenin 8 

9 46.1 668.9 506.0-265.2 C36 H32 O13 NI 11 

10 

11 

46.5 

47.6 

668.9 

668.9 

506.0-279.3 

506.0-279.2 

C36 H32 O13 

C36 H32 O13 

NI 

NI 
12 

16 

12 

13 

14 

15 

16 

17 

48.0 

48.6 

48.9 

50.1 

52.9 

59.2 

668.9 

638.9 

639.0 

639.0 

593.3 

505.0 

506.1-279.2 

506.0-325.3 

506.0-297.4 

506.1-339.3 

225.1 

487.1-279.4 

C36 H32 O13 

C35 H28 O12 

C35 H28 O12 

C35 H28 O12 

NI 

C30 H18 O8 

NI 

NI 

NI 

NI 

NI 

Asphodelin 

17 

13 

14 

15 

- 

3 

 

IV.4.2. LC-MS analysis of Ethyl Acetate extract 

     The LC-MS chromatogram in negative mode of Ethyl Acetate extract of A. 
tenuifolius was performed with the same conditions used with the Chloroform extract, 

shown in (Fig. IV.6), Mass spectrums of the detected compounds were shown in (Fig. 

IV.7). It was observed that the different peaks were obtained at different retention 

times, In this the highest peak is at the retention time of 38.2 min belonging to an 

abundance compound. 

 

 
Figure IV.6. LC-MC profile in negative mode of Ethyl Acetate extract of A. 

tenuifolius. 
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Figure IV.7. Mass spectrums of LC-MS detected compounds of Ethyl Acetate extract 

at different retention times. 

 

 

Table IV.5. Bioactive compounds detected and identified by LC-MS of Ethyl Acetate 

extract of A. tenuifolius (NI: Not Identified). 
Peaks Retention  

Time (min) 

m/z  

[M-H]- 

Fragment 

Ions (m/z) 

Molecular 

formula 

Compound 

identification 

Isolated 

compounds 

1 

2 

3 

4 

5 

6 

7.0 

10.9 

16.6 

20.5 

22.0 

39.0 

269.0 

447.1 

447.0 

447.0 

461.1 

285.0 

241.2 

285.0 

371.1-327.3-285.0 

431.1-329.0-285.0 

299.2 

133.1 

C15 H10 O5 

C21 H20 O11 

NI 

NI 

NI 

C15 H10 O6 

Apigenin  

Isoorientin 

NI 

NI 

NI 

Luteolin 

8 

- 

5 

- 

- 

4 

 

 

     The analysis of Ethyl Acetate extract by LC-MS (Table IV.5) allowed us the 

identification of phenolic compounds that are already - like Chloroform extract- 

recognized by their abundance in the Asphodelus genus. In agreement with the 

literature, the phenolic compounds identified in this extract were: Apigenin (m/z = 

269.0) [2], Luteolin (m/z = 285.0) [4], Isoorientin (m/z = 447.1) [10], however some 

compounds are still unidentified (peaks: 4 and 5) and one other will be identify later 

in this chapter (peak 3). 
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IV.5. Identification of the isolated compounds from A. tenuifolius 

 

IV.5.1. Identification of compound 1 

 

 
Figure IV.8. Structure of compound 1 

 

      

 
Figure IV.9. HRESI-MS spectrum in negative ion mode of compound 1. 

 

     Compound 1 was isolated as a white crystalline powder. The High Resolution 

Mass spectrum (HRESI-MS) of this compound was carried out on negative mode 

(Fig. IV.9) which presented an ion quasi-molecular at m/z = 413.2690 [M-H]- 

(calculated for C29H49O: 413.3783) which suggest a molecular mass equal to 414 amu 

corresponding to the molecular formula C29H50O with 5 unsaturations. 

 

     The signals in the 1H-NMR spectrum (Fig. IV.10) were observed mainly in the 

upfield region (between δH 0.74 and δH 5.33 ppm). The spectrum exhibited only two 

signals with high chemical shifts values (Fig. IV.12); the first one resonated in the 

olefinic region and the other one was observed a little upfield region. The olefinic 

signal at δH 5.33 ppm (1H, d, J=5.2 Hz) appeared to be characteristic of the sterols, 

and it was assigned to H-6 proton in the proposed β-Sitosterol skeleton. 
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Figure IV.10. 
1H-NMR Spectrum (250 MHz, CD3COCD3) of compound 1. 

 

 

The 1H-NMR spectrum of this compound exhibited also a signal corresponding to the 

proton connected to C-3 hydroxyl group which appeared as a multiplet at δH 3.38 ppm 

(1H, m). Six other protons with high intensity peaks were evident which include four 

secondary methyl groups (δH 0.98, 0.89, 0.87 and 0.85 ppm all doublets with J = 6.6, 

7.3, 6.2 and 6.2 Hz, respectively) could be at C-21, C-29, C-26 and C-27, 

respectively, and two tertiary methyl groups could be at C-18 and C-19 (δH 0.74 ppm 

and 1.03 ppm, respectively) (Fig. IV.11). 

 

The 13C-NMR spectrum (Fig. IV.13) exhibited 29 carbon signals, including an 

oxymethine carbon signal at δC 70.7 ppm and two olefinic carbons at δC 141.4 and δC 

120.6 ppm for (C5=C6) double bond , respectively. Two methylene carbon signals 

were present at δC 45.7 and δC 24.0 ppm for C-22 and C-23, δC 70.7 ppm for C-3 β-

hydroxyl  group, δC 18.8 ppm and 36.0 ppm for angular  methyl  carbon atoms for C-

19 and C-18, respectively (Table IV.1). 
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Figure IV.11. 

1H-NMR Spectrum (250 MHz, CD3COCD3) of compound 1. 

(From 0.50 ppm to 2.50 ppm) 

 

 

 
Figure IV.12. 

1H-NMR Spectrum (250 MHz, CD3COCD3) of compound 1. 

(From 3.00 ppm to 5.50 ppm) 
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Figure IV.13. 

13C-NMR Spectrum (250 MHz, CD3COCD3) of compound 1. 

 

   All the chemical shifts of the NMR analysis (1H and 13C) of compound 1 are 

summarized in the following table (Table IV.6). 

 

Table IV.6. 1H and 13C-NMR data (250 MHz) of compound 1 (CD3COCD3). 
Positions  δC (ppm) δH (ppm), mult., J (Hz) 

1 37.3 - 

2 31.6 - 

3 70.7 3.38 (m, 1H) 

4 42.1 - 

5 141.4 - 

6 120.6 5.33 (d, 1H, J=5.2 Hz) 

7 31.8 - 

8 31.8 - 

9 50.2 - 

10 36.3 - 

11 22.8 - 

12 39.7 - 

13 42.7 - 

14 56.7 - 

15 26.3 - 

16 28.5 - 

17 55.9 - 

18 36.0 0.74 (s, 3H) 

19 18.8 1.03 (s, 3H) 

20 33.7 - 

21 25.7 0.98 (d, 3H, J=6.6 Hz) 

22 45.7 - 

23 24.0 - 

24 18.2 - 

25 31.7 - 

26 20.8 0.87 (d, 3H, J=6.2 Hz) 

27 19.1 0.85 (d, 3H, J=6.2 Hz) 

28 18.3 - 

29 11.3 0.89 (t, 3H, J=7.3 Hz) 
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   These data were in agreement with the structure of β-Sitosterol. The NMR data of 

this compound 1 (Table IV.1) are in close agreement with the published values in 

literature [11-12-13], as well as it was isolated and reported previously in the 

Asphodelus genus [14]. 

 

 
 
 

 

 

 

IV.5.2. Identification of compound 2  

 
 

 
 

Figure IV.14. Structure of compound 2. 

 

 

    Compound 2 gave an ESI-MS ion peaks at m/z = 312.1 (Fig. IV.16) and m/z = 

336.2 (Fig. IV.15) attributable to pseudo molecular cations [M-H]- and [M+Na]+, 

respectively, indicate the possibility to have an Azote atom in the structure. These 

pseudo molecular cations [M-H]- and [M+Na]+ are in agreement with a molecular 

formula of C18H19O4N [3] with 10 unsaturations. 
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Figure IV.15. ESI-MS in positive ion mode of compound 2. 

 

 

 
Figure IV.16. ESI-MS spectrum in negative ion mode of compound 2. 

 

 

     The 1H-NMR spectrum of compound 2 (Fig. IV.18 and Fig. IV.20) showed two 

triplets at δH 2.72 ppm (2H, t, J=7.3 Hz) and δH 3.46 ppm (2H, t, J=7.5 Hz) assignable 

to mutually coupled methylene groups at C-7 and C-8, respectively indicative of a 
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four hydroxyphenyl ethyl system. In addition, signals for four aromatic protons of a 

para-substituted ring at δH 6.72 ppm (2H, d, H-2 and H-6 ), δH 7.02 ppm (2H, d, H-3 

and H-5 ) as well as three others at δH 6.80 ppm (1H, d, J=8.1 Hz, H-16), δH 7.00 ppm 

(1H, d, J =8.2 Hz, H-17) and δH 7.12 ppm (1H, s, H-13) assignable to protons of a tri-

substituted aromatic ring (Fig.IV.19). The 1H-NMR spectrum further showed typical 

signals of two olefinic protons of a trans-substituted double bond resonating at δH 

7.42 (1H, d, J=15.6 Hz, H-11) and δH 6.47 ppm (1H, d, J=15.6Hz, H-10). In addition, 

a methoxyl singlet was assigned at δH 3.83 ppm.  
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Figure IV.17.  IR Spectrum of compound 2. 

 

 

 
Figure IV.18. 

1H-NMR Spectrum (400 MHz, CD3COCD3) of compound 2. 
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Figure IV.19. 

1H-NMR Spectrum (400 MHz, CD3COCD3) of compound 2. 

(From 6.20 ppm to 7.50 ppm). 

 

 

 
Figure IV.20. 

1H-NMR Spectrum (400 MHz, CD3COCD3) of compound 2. 

(From 2.40 ppm to 4.00 ppm). 
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The examination of the HSQC spectrum recorded in CD3COCD3 (Fig. IV.21, Fig. 

IV.22 and Fig. IV.23) showed the presence of correlations identified as follow: 

 The proton H-11 showed a correlation with the carbon C-11 at δC 139.4 ppm. 

 The proton H-13 showed a correlation with the carbon C-13 at δC 110.2 ppm. 

 The proton H-3 showed a correlation with the carbon C-3 at δC 129.4 ppm. 

 The proton H-5 showed a correlation with the carbon C-5 at δC 115.5 ppm. 

 The proton H-17 showed a correlation with the carbon C-17 at δC 121.7 ppm. 

 The proton H-16 showed a correlation with the carbon C-16 at δC 115.0 ppm. 

 The protons H-2 and H-6 showed a correlation with the carbon C-2/6 at δC 

115.1 ppm. 

 The proton H-10 showed a correlation with the carbon C-10 at δC 119.9 ppm. 

 The methyl protons CH3-18 showed a correlation with the carbon C-18 at δC 

55.1 ppm. 

 The methylene protons H-8 showed a correlation with the carbon C-8 at δC 

40.7 ppm. 

 The methylene protons H-7 showed a correlation with the carbon C-7 at δC 

34.4 ppm. 

 

 

Figure IV.21. HSQC-NMR Spectrum (400 MHz, CD3COCD3) of compound 2. 
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Figure IV.22. HSQC-NMR Spectrum (400 MHz, CD3COCD3) of compound 2. 

(From 6.20 ppm to 7.60 ppm) 

 

 

 
Figure IV.23.  HSQC-NMR Spectrum (400 MHz, CD3COCD3) of compound 2. 

(From 2.50 ppm to 4.20 ppm). 
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Examination of the HMBC spectrum (Fig. IV.24) recorded in CD3COCD3 showed the 

presence of many correlations identified as follow: 

 The H-11 proton showed five (5) correlations: The first with a carbon at δC 

110.2 ppm, attributable to C-13, the second correlation with a carbon at δC 119.9 

ppm attributable to C-10, the third correlation with carbon at δC 121.7 attributable 

to C-17, the fourth with carbon at δC 127.4 ppm attributable to C-12 and the last 

correlation with carbon of carbonyl function at δC 127.4 attributable to C-9. 

 The H-13 proton showed three (3) correlations: The first with a carbon at δC 

139.4 ppm, attributable to C-11, the second correlation with a carbon at δC 148.2 

ppm attributable to C-15, the last correlation with carbon at δC 121.7 attributable 

to C-17. 

 The H-3 proton showed three (3) correlations: The first with a carbon at δC 

155.8 ppm, attributable to C-1, the second correlation with a carbon at δC 115.5 

ppm attributable to C-5, and the last correlation with carbon of carbonyl function 

at δC 34.4 attributable to C-7. 

 

 
Figure IV.24. HMBC-NMR Spectrum (400 MHz, CD3COCD3) of compound 2. 

 

 

 The H-5 proton showed three (3) correlation: The first with a carbon at δC 

155.8 ppm, attributable to C-1, the second correlation with a carbon at δC 129.4 

ppm attributable to C-3, and the last correlation with carbon at δC 34.4 

attributable to C-7. 
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 The H-17 proton showed two (2) correlations: The first with a carbon at δC 

139.4 ppm, attributable to C-11 and the second correlation with a carbon at δC 

110.2 ppm attributable to C-13. 

 The H-16 proton showed three (3) correlations: The first with a carbon at δC 

127.4 ppm, attributable to C-12, the second correlation with a carbon at δC 147.6 

ppm attributable to C-14, and the last correlation with a carbon at δC 121.7 ppm 

attributable to C-17. 

 The protons H-2 and H-6 showed the same correlations with a carbon at δC 

155.8 ppm, attributable to C-1, and another correlation with a carbon at δC 130.2 

ppm attributable to C-4, other correlation of the proton H-2 with a carbon at δC 

115.1 ppm attributable to C-6 and other for the proton H-6 with a carbon at δC 

115.5 attributable to C-5. 

 The H-10 proton showed two (2) correlations: The first with a carbon at δC 

165.4 ppm, attributable to the carbonyl carbon C-9, the second correlation with a 

carbon at δC 127.4 ppm attributable to C-12. 

 The OCH3-16 protons showed only one (1) possible correlation with with the 

carbon at δC 147.6 ppm, attributable to C-14, which confirm the point of 

attachment of the methoxyl group on C-14. 

 The two protons of the methylene group at H-8 showed three (3) correlations: 

The first with a carbon at δC 34.4 ppm, attributable to the second methylene 

group C-7, the second correlation with a carbon at δC 130.2 ppm attributable to 

C-4 and a last one with the carbonyl function carbon at δC 165.4 ppm attributable 

to C-9. 

 The other two protons of the methylene group at CH2-7 showed two (2) 

correlations: The first with a carbon at δC 40.7 ppm, attributable to the other 

methylene group C-8, and a second correlation with the carbon at δC 129.4 ppm 

attributable to C-3. 

 

   All the chemical shifts of the NMR analysis (1H, 13C, HSQC and HMBC) of 

compound 2 are summarized in the following table (Table IV.7). 

 

Table IV.7. 1H, 13C and HMBC-NMR data (400 MHz) of compound 2 (CD3COCD3). 
Positions δC (ppm) δH (ppm), mult., J (Hz) HMBC 

1 155,8 - - 

2 115,1 6,72 (d, 1H, J=8.4 Hz) C-1, C-4, C-6 

3 129,4 7,02 (d, 1H, J=8.2 Hz) C-1, C-5, C-7 

4 130,2 - - 

5 115,5 7,02 (d, 1H, J=8.2 Hz) C-1, C-3, C-7 

6 115,1 6,72 (d, 1H, J=8.4 Hz) C-1, C-4, C-5 

7 34,4 2,72 (t, 2H, J=7.3 Hz) C-8, C-3 

8 40,7 3,46 (q, 2H, J=7.5 Hz) C-7, C-4, C-9 

9 165,4 - - 

10 119,9 6,47 (d, 1H, J=15.6 Hz) C-9, C-12 

11 139,4 7,42 (d, 1H, J=15.6 Hz) C-13, C-10, C-17, C-12, C-9 

12 127,4 - - 

13 110,2 7,12 (s, 1H) C-11, C-15, C-17 
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14 147,6 - - 

15 148,2 - - 

16 115,0 6,80 (d, 1H, J=8.1 Hz) C-12, C-14, C-17 

17 121,7 7,00 (d, 1H, J=8.2 Hz) C-11, C-13 

18 55,1 3,83 (s, 3H) C-14 

 

 

     Based on all these analysis and on data of the literature [8-9], compound 2 was 

identified as 3-(4-hydroxy-3-methoxyphenyl)-N-(4-hydroxyphenethyl) acrylamide 

(trans-N-feruloyltyramine), it was isolated previously from the Asphodelus genus 

[3]. 

 

 
 

 

IV.5.3. Identification of compound 3 

 

 

 
 

Figure IV.25. Structure of compound 3 
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Figure IV.26. ESI-MS spectrum in negative ion mode of compound 3. 

 

 

     Compound 3 was obtained as an orange powder. The ESI-MS analysis (Fig. 

IV.26) gave an [M-H]- ion at m/z = 505.9, consistent with the molecular formula 

C30H18O8 with 7 unsaturations. 

 

 

Figure IV.27.  
1H-NMR Spectrum (400 MHz, CD3COCD3) of compound 3. 
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     The 1H-NMR spectrums (Fig. IV.28, Fig. IV.29 and Fig. IV.30) of compound 3 

showed the presence of four highly deshielded singlets at δH 12.56 ppm, 12.39 ppm, 

12.03 ppm and 12.02 ppm due to the presence of four (4) chelated hydroxyl groups; 

supported that the compound was a dimeric anthraquinone /anthrone derivative [15]. 

The 1H-NMR spectrum showed also protons assigned to H-2 at δH 7.47 ppm (1H, s) 

with the C-3 attached methyl at δH 2.24 ppm (3H, s). In addition to an ABX spin 

system corresponding to three aromatic protons resonated at δH 7.58 ppm (1H, d, J = 

7.4 Hz, H-5), δH 7.82 ppm (1H, t, J = 7.9 Hz, H-6) and δH 7.40 ppm (1H, d, J = 7.4 

Hz, H-7) of the chrysophanol moiety as one half of the molecule. 

The 1H-NMR spectral data of the other half of the molecule showed that it’s a 

Chrysophanol moiety too; two meta coupled protons assigned to H-5’ and H-7’, 
respectively, at δH 7.76 ppm (1H, s)  and  δH 7.28 ppm (1H, s), with the C-6’ attached 
methyl at δH 2.59 ppm (3H, s). Additionally, the ABX spin system in chrysophanol 

anthrone was replaced by an AX spin system in chrysophanol moiety at δH 7.64 ppm 

(1H, d, J = 7.6 Hz, H-3’) and δH 7.96 ppm (1H, d, J = 7.6 Hz, H-4’). This indicated 
that the point of attachment in this half of the molecule is at C-2’ (δC 141.91 ppm). 

 

 
Figure IV.28. 

1H-NMR Spectrum (400 MHz, CD3COCD3) of compound 3. 

(From 7.20 ppm to 8.00 ppm). 
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Figure. IV.29. 

1H-NMR Spectrum (400 MHz, CD3COCD3) of compound 3. 

(From 1.00 ppm to 3.00 ppm). 

 

 

 
Figure IV.30. HSQC-NMR Spectrum (400 MHz, CD3COCD3) of compound 3. 

 

 

     The examination of the HSQC spectrum (Fig. IV.30, Fig. IV.31 and Fig. IV.32) 

recorded in CD3COCD3 showed correlations identified as follow: 
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 The proton H-4’ showed a correlation with the carbon C-4’ at δC 120.6 ppm. 

 The proton H-6 showed a correlation with the carbon C-6 at δC 138.3 ppm. 

 The proton H-5’ showed a correlation with the carbon C-5’ at δC 122.0 ppm. 

 The proton H-3’ showed a correlation with the carbon C-3’ at δC 137.4 ppm. 

 The proton H-5 showed a correlation with the carbon C-5 at δC 120.1 ppm. 

 The proton H-2 showed a correlation with the carbon C-2 at δC 126.1 ppm. 

 The proton H-7 showed a correlation with the carbon C-7 at δC 124.5 ppm. 

 The proton H-7’ showed a correlation with the carbon C-7’ at δC 125.1 ppm. 

 The protons of the methyl group CH3-11’ showed correlations with the carbon 
C-11’ at δC 22.1 ppm. 

 The protons of the other methyl group CH3-11 showed correlations with the 

carbon C-11 at δC 21.3 ppm. 

 

 

 
Figure IV.31. HSQC-NMR Spectrum (400 MHz, CD3COCD3) of compound 3. 

(From 7.10 ppm to 8.10 ppm). 
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Figure IV.32. HSQC-NMR Spectrum (400 MHz, CD3COCD3) of compound 3. 

(From 1.10 ppm to 3.00 ppm). 

 

 

 
Figure IV.33. HMBC-NMR Spectrum (400 MHz, CD3COCD3) of compound 3. 
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Examination of the HMBC spectrum (Fig. IV.33) recorded in CD3COCD3 of the 

upfield region showed the presence of correlations of the two methyl groups identified 

as follows: 

 The methyl group (-CH3) at δH 2.59 ppm showed three (3) correlations: the 

first with a carbon at δC 122.0 ppm attributable to C-5’, the second with a carbon 
at δC 125.1 ppm attributable to C-7’ and a third correlation with a carbon at δC 

151.0 ppm attributable to C-6’, this last correlation confirm the position of the 
methyl group on the carbon C-6’ of the aromatic ring as proposed previously in 
the analysis of the 1H-NMR spectrum. 

 The second methyl group (-CH3) at δH 2.24 ppm showed three (3) correlations: 

the first with a carbon at δC 126.1 ppm attributable to C-2, the second with a 

carbon at δC 131.6 ppm attributable to C-4 and a third correlation with a carbon at 

δC 150.7 ppm attributable to C-3, this last correlation confirm too the position of 

the methyl group on the carbon C-3 of the aromatic ring. 

 

    The second examination of the downfield region of the HMBC spectrum (Fig. 

IV.34) showed the presence of many correlations identified as follow: 

 

 
Figure IV.34. HMBC-NMR Spectrum (400 MHz, CD3COCD3) of compound 3. 

(From 7.10 ppm to 8.10 ppm). 

 

 

 The H-4’ proton showed three (3) correlations: The first with a quaternary 

carbon at δC 116.8 ppm, attributable to C-9’a, the second correlation with a 
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carbon at δC 138.6 ppm attributable to C-2’, the third correlation with carbonyl 
function carbon at δC 182.6 ppm attributable to C-10’. 
 The H-6 proton showed two (2) correlations: the first with a quaternary carbon 

at δC 135.6 ppm, attributable to C-5a, and a second correlation with a carbon at δC 

163.1 ppm attributable to C-8 which confirms the attachment of the hydroxyl 

group on this carbon (C-8). 

 The H-5’ proton showed four (4) correlations: the first with the carbon at δC 

22.1 ppm attributable to the methyl group, this correlation confirm the attachment 

point of the methyl group on C-11’, the second correlation with the quaternary 
carbon at δC  115.1 ppm attributable to C-8’a, the third with a carbon at δC  125.1 

ppm attributable to C-7’, the last correlation task with a carbon at δC  182.6 ppm 

attributable to the carbon of the carbonyl group at C-10’. 
 The H-5 proton showed three (3) correlations: with a quaternary carbon at δC 

116.9 ppm attributable to C-8a, with a carbon at δC 124.5 ppm attributable to C-7, 

and a last with the carbon of the carbonyl group on C-10 at δC 183.2 ppm. 

 The H-2 proton showed four (4) correlations: the first with the carbon at δC 

21.3 ppm attributable to the methyl group, this correlation confirm the attachment 

point of the methyl group on C-11, the second correlation with the quaternary 

carbon at δC 116.0 ppm attributable to C-9a, the third with a carbon at δC  131.6 

ppm attributable to C-4, the last correlation with a carbon at δC  164.7 ppm 

attributable to the carbon at C-1 which confirm the attachment of  an hydroxyl 

group on the carbon (C-1). 

 The H-7 proton showed two (2) correlations: The first with a quaternary 

carbon at δC 116.9 ppm, attributable to C-8a, and a second correlation with a 

carbon at δC 120.1 ppm attributable to C-5 which confirms the attachment of the 

hydroxyl group on this carbon (C-8). 

 The H-7’ proton showed three (3) correlations: the first with the carbon at δC 

22.1 ppm attributable to the methyl group, this correlation confirm again the 

attachment point of the methyl group on C-11’, the second correlation with the 
quaternary carbon at δC 115.1 ppm attributable to C-8’a, the third with a carbon at 
δC 122.0 ppm attributable to C-5’. 
 The H-3’ proton showed three (3) correlations: The first with a quaternary 

carbon at δC 135.6 ppm, attributable to C-4a, the second with a carbon at δC 131.6 

ppm attributable to C-4, this cross-peak observed in the HMBC spectrum 

between H-3’ and C-4 indicates the site of attachment was between C-4 of the 

first chrysophanol and C-2’ of the second chrysophanol. The last correlation with 
a carbon at δC 161.1 ppm attributable to C-1’ which confirm the attachment of a 

hydroxyl group on this carbon (C-1’). 
     The analogy of these features with the spectral NMR data of the related 

metabolites previously reported, suggested the structure the compound 3 as 

chrysophanol linked to another moiety of chrysophanol [5-6]. 

 

All the chemical shifts of the NMR analysis (1H, 13C, HSQC and HMBC) of 

compound 3 are summarized in the following table (Table IV.8). 
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Table IV.8. 1H, 13C and HMBC-NMR data (400 MHz) of compound 3 (CD3COCD3). 
Positions δC (ppm) δH (ppm), mult., J (Hz) HMBC 

1 164.7 - - 

2 126.1 7.47 (s, 1H) C-11, C-4, C-1, C-9a 

3 150.7 - - 

4 131.6 - - 

5 120.1 7.58 (d, 1H, J=7.4 Hz) C-7, C-10, C-8a 

6 138.3 7.82 (t, 1H, J=7.9 Hz) C-8, C-5a 

7 124.5 7.40 (d, 1H, J=7.4 Hz) C-8a, C-5 

8 163.1 - - 

9 188.1 - - 

10 183.2 - - 

1’ 161.1 - - 

2’ 138.6 - - 

3’ 137.4 7.64 (d, 1H, J=7.6 Hz) C-1’, C-4, C-4’a 

4’ 120.6 7.96 (d, 1H, J=7.6 Hz) C-2’, C-10’, C-9’a 

5’ 122.0 7.76 (s, 1H) C-11’, C-8’a, C-7’, C-10’ 
6’ 151.0 - - 

7’ 125.1 7.28 (s, 1H) C-11’, C-8’a, C-5’ 
8’ 168.0 - - 

9’ 188.0 - - 

10’ 182.6 - - 

4a 135.6 - - 

5a 135.6 - - 

8a 116.9 - - 

9a 116.0 - - 

4’a 134.0 - - 

5’a 134.4 - - 

8’a 115.1 - - 

9’a 116.8 - - 

11 21.3 2.24 (s, 3H) C-2, C-3, C-4 

11’ 22.1 2.59 (s, 3H) C-5’, C-6’, C-7’ 
    

    The IR spectrum of this compound 3 showed absorption bands for chelated 

carbonyls and for hydroxyl groups at 1627 and 2976 cm-1, respectively (Fig. IV.35). 
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Figure IV.35. IR Spectrum of compound 3. 



CHAPTER IV                                                                                                                                               Results and Discussions 

 

96 

 

      Based  on  all the  above  data,  compound  3  was  identified  as  1', 4, 5, 8'-

tetrahydroxy-2, 6'-dimethyl-[1,2'-bianthracene]-9, 9', 10, 10'-tetraone 

(Asphodeline), the  structure  was  confirmed  by  comparison  of  its  physical 

properties  and  proton  and  carbon  NMR  data  to  literature [6-7-16].  This structure 

was reported previously from the Asphodelus genus [16].   

 

 

 
     

 

 

IV.5.4. Identification of compound 4  

 

 
 

Figure IV.36. Structure of compound 4 

 

 

     Compound 4 was obtained as brown powder. The ESI-MS recorded on negative 

mode (Fig. IV.37) gave an [M-H]- ion at m/z = 284.9 consistent with the molecular 

formula of C15H10O6 with 11 unsaturations. 

The violet black fluorescence under Wood's UV light was characteristic of a flavone 

or a flavonol substituted on position 3. 
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Figure IV.37. ESI-MS spectrum in negative ion mode of compound 4. 

 

    The UV spectrum (Fig. IV.38), recorded in Methanol, gives two absorption bands, 

the first band (I)  at 347 nm and other band (II) at 255 nm indicating a skeleton of 

flavone type for this compound. A bathochromic effect, observed after the addition of 

NaOH (Δλ = +45nm) with increase in intensity, indicates the presence of a free OH in 

position 4’. The appearance of a new band in the same spectrum at 328 nm suggest 

the presence of a free OH at position 7.  
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Figure IV.38. UV analysis spectrums of compound 4. 
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     The addition of (NaOAc) to the methanolic solution induced the bathochromic 

effect of 16 nm for the band II, confirming the presence of a free OH at position 7. 

The addition of (H3BO3) to the (MeOH+NaOAc) solution caused a bathochromic 

effect of the band I (Δλ = +24 nm), indicating the presence of a 3’, 4’- ortho di-OH 

system on cycle B, this was confirmed by the hypsochromic displacement of the band 

I (Δλ = -31 nm) induced after the addition of (HCl) to the (MeOH+AlCl3) solution. 

The bathochromic effect of the band I (Δλ = +73 nm) observed on the spectrum 

recorded in MeOH+AlCl3 compared to the spectrum recorded in MeOH indicated the 

presence of a free OH group at position 5. 

 

Table IV.9. UV-Visible data of compound 4. 

Solvents Band I (λmax, nm) Band II (λmax, nm) Other bands 

MeOH 347 255 - 

+ NaOH 392 268 328 

+ NaOAc 356 262 - 

+ NaOAc + H3BO3 380 260 - 

+ AlCl3 420 267 - 

+ AlCl3 + HCl 389 272 - 

 
 

All these UV-Visible spectral data are in agreement with those reported previosely  in 

the literature for the luteolin [17]. 

 

 
   Figure IV.39. 1H-NMR Spectrum (600 MHz, CD3OD) of compound 4. 
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   The examination of the 1H-NMR spectrum recorded in MeOH (Fig. IV.39) confirm 

the skeleton of a Luteolin structure [4] characterized by: 

- A singlet of 1H integration at δH 6.55 ppm attributable to the proton H-3. 

- Two doublets of 1H integration for each at δH 6.21 ppm and δH = 6.44 ppm with a 

coupling constant (J = 2.0 Hz) attributable to the protons H-6 and H-8 respectively, 

thus confirming the hydroxylation of positions 5 and 7 of ring A. 

- A signal at δH 7.40 ppm of 2H integration attributable to H-2’ and H-6’, this signal 
corresponds in fact to two superimposed signals: one in the form of a double 

doublet (J = 8.4 - 2.0 Hz) characterizing H-6’ and the other in the form of a doublet 
(J = 2.0 Hz) characterizing H-2’, this signal confirm the hydroxylation of the 

positions 3’and 4’ of cycle B. Moreover, the signal in the form of a doublet which 

appears at δH 6.90 ppm (J = 8.9 Hz) is attributable to H-5’. 
 

   The examination of the HSQC and the HMBC spectrums recorded in CD3OD (Fig. 

IV.33, Fig. IV.34) confirm too the skeleton of Luteolin by the presence of 

correlations identified as follow:  

o For HSQC spectrum (Fig. IV.33): 

 The proton H-6’ showed a correlation with the carbon C-6’ at δC 119.6 ppm. 

 The proton H-2’ showed a correlation with the carbon C-2’ at δC 113.9 ppm. 

 The proton H-5’ showed a correlation with the carbon C-5’ at δC 116.2 ppm. 

 The proton H-3 showed a correlation with the carbon C-3 at δC 103.7 ppm. 

 The proton H-8 showed a correlation with the carbon C-8 at δC 95.4 ppm. 

 The proton H-6 showed a correlation with the carbon C-6 at δC 100.4 ppm. 

 

 
Figure IV.40. HSQC-NMR Spectrum (600 MHz, CD3OD) of compound 4. 
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o For HMBC spectrum (Fig. IV.41): 

 The H-6 proton showed four (4) correlations: The first with a carbon at δC 

104.4 ppm, this carbon showed two other correlations with the protons H-3 and 

the proton H-8, this carbon can be only quaternary C-4a, the second correlation 

with a carbon at δC 95.4 ppm attributable to C-8, the third and the fourth 

correlations with carbons at δC 161.1 ppm and δC 164.2 ppm attributable to C-5 

and C-7, respectively. 

 The H-8 proton showed four (4) correlations: The first with a quaternary 

carbon at δC 104.4 ppm, attributable to C-4a, the second correlation with a carbon 

at δC 100.4 ppm attributable to C-6, the third with a carbon at δC 164.2 

attributable to C-7. The last correlation with a carbon at δC 158.6 attributable to 

quaternary carbon C-8a. 

 The H-3 proton showed four (4) correlations: The first with a quaternary 

carbon at δC 104.4 ppm, attributable to C-4a, the second correlation with a carbon 

at δC 121.9 ppm attributable to C-1’, the third and the fourth correlations with 
carbon at δC 162.8 and δC 182.2 ppm attributable to C-2 and C-4, respectively. 

 The H-2’ proton showed four (4) correlations: The first with a carbon at δC 

119.6 ppm, attributable to C-6’, the second correlation with a carbon at δC 149.8 

ppm attributable to C-4’, the third with a carbon at δC 162.8 attributable to C-2. 

The last correlation with a carbon at δC 146.3 attributable to the carbon C-3’. 
 

 
Figure IV.41. HMBC-NMR Spectrum (600 MHz, CD3OD) of compound 4. 
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 The H-6’ proton showed three (3) correlations: The first with a carbon at δC 

149.8 ppm, attributable to C-4’, the second correlation with a carbon at δC 

113.9 ppm attributable to C-2’, the last with a carbon at δC 162.8 attributable 

to C-2. 

 The H-5’ proton showed three (3) correlations: The first with a carbon at δC 

149.8 ppm, attributable to C-4’, the second correlation with a carbon at δC 

146.3 ppm attributable to C-3’, the last with a carbon at δC 121.9 attributable 

to C-1’. 
 

   All the chemical shifts of the NMR analysis (1H, 13C, HSQC and HMBC) of 

compound 4 are summarized in the following table: (Table IV.10) 

 

Table IV.10. 1H, 13C and HMBC-NMR data (600 MHz) of compound 4 (CD3OD). 

       

 

         

 

 

 

 

      

 

 

 

 

 

     All these spectroscopic data and the comparison with those of the literature 

confirm the structure of the compound 4 which was a 5, 7-dihydroxy-2-(3, 4-

dihydroxyphényl)-chromèn-4-one (Luteolin) [4], as well as it was reported 

previously from the Asphodelus genus [3]. 

 
 
 

Positions δC (ppm) δH (ppm), mult., J (Hz) HMBC 

1 - - - 

2 162.8 - - 

3 103.7 6.55 (s, 1H) C-4a, C-1’, C-2, C-4 

4 182.2 - - 

5 161.1 - - 

6 100.4 6.21 (d, 1H, J=2.0 Hz) C-8, C-4a, C-5, C-7 

7 164.2 - - 

8 95.4 6.44 (d, 1H, J=2.0 Hz) C-6, C-4a, C-7, C-8a 

4a 104.4 - - 

8a 158.6 - - 

1’ 121.9 - - 

2’ 113.9 7.38 (d, 1H, J=2.0 Hz) C-6’, C-4’, C-3’, C-2 

3’ 146.3 - - 

4’ 149.8 - - 

5’ 116.2 6.90 (d, 1H, J=8.0 Hz) C-1’, C-3’, C-4’ 
6’ 119.6 7.40 (dd, 1H, J=8.4-2.0 Hz) C-4’, C-2’, C-2 
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IV.5.5. Identification of compound 5  

 

 
Figure IV.42. Structure of compound 5. 

 

    Compound 5 was obtained as an orange powder. The ESI-MS (Fig. IV.44) 

recorded on negative mode gave an [M-H]- ion at m/z = 447.0 suggesting a mass of 

448 uma consistent with the molecular formula of C21H20O11 with 12 unsaturations 

which gave a possibility to have a skeleton of a glycosylated flavonoid. This spectrum 

showed also a signal at m/z = 285.0 [M-H-162] – may corresponding to a skeleton of a 

flavonoid of formula C15H10O 6 after the loss of a hexose unit. 

 

     The UV-Visible analysis (Fig. IV.43), recorded in Methanol, gave two absorption 

bands, the first band (I)  at 345 nm and other band (II) at 252 nm indicating a skeleton 

of flavone type for this compound. A bathochromic effect, observed after the addition 

of NaOH (Δλ = +45nm) with increase in intensity, indicated the presence of a free OH 

in position 4’.  
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Figure IV.43.  UV-Visible analysis spectrums of compound 5. 
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    The addition of (H3BO3) to the (MeOH+NaOAc) solution causes a bathochromic 

effect of the band I (Δλ=+23 nm), indicating the presence of a 3’, 4’- ortho di-OH 

system on cycle B, this was confirmed by the hypsochromic displacement of the band 

I (Δλ= -30 nm) induced after the addition of (HCl) to the (MeOH+AlCl3) solution. 

The bathochromic effect of the band I (Δλ = +76 nm) observed on the spectrum 

recorded in MeOH+AlCl3 compared to the spectrum recorded in MeOH indicates the 

presence of a free OH group at position 5. 

 
Table IV.11. UV data of compound 5 

Solvents Band I (λmax, nm) Band II (λmax, nm) 

MeOH 345 252 

+ NaOH 390 266 

+ NaOAc 354 262 

+ NaOAc + H3BO3 377 260 

+ AlCl3 421 268 

+ AlCl3 + HCl 390 271 

 

 

 
Figure IV.44. ESI-MS spectrum in negative ion mode of compound 5. 

 

      

    The analysis of the 1H NMR spectrum and its spread (Fig. IV.45, Fig. IV.46 and 

Fig. IV.47) indicated that this compound could be a glycosylated flavone, explained 

by the presence of: 

 A doublet of 1H intensity at δH 5.06 ppm (J=7.3Hz) typical of an H-1” 
anomeric proton. 

 Signals between δH 3.22 ppm and δH 3.45 ppm integrating for 6H relative to 

the osidic protons of a hexose unit. 
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 Two doublets of 1H intensity for each at δH 6.77 ppm (J = 1.6 Hz) and δH 6.42 

ppm (J = 1.6 Hz), respectively characteristic of the protons H-8 and H-6 of the 

cycle A. 

 A singlet of 1H intensity at δH 6.72 ppm attributable to H-3. 

 Highly deshielded singlet at δH 12.96 ppm due to the presence of one chelated 

hydroxyl group. 

 For the cycle B, the 1H-NMR spectrum had three signals resonate as an ABX 

system at δH 7.40 ppm (1H, s), δH 7.42 ppm (1H, dd, J = 8.2, 2.0 Hz) and δH 

6.69 ppm (1H, d, J = 8.2 Hz) attributable respectively to the protons H-2’, H-

6’ and H-5’ indicating the presence of a 1’, 3’, 4’-trisubstitution on cycle B. 

 

 
Figure IV.45. 1H-NMR Spectrum (400 MHz, DMSO-d6) of compound 5. 

 

 

 
Figure IV.46. 1H-NMR Spectrum (400 MHz, DMSO-d6) of compound 5. 

(From 6.20 ppm to 7.50 ppm). 
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Figure IV.47. 1H-NMR Spectrum (400 MHz, DMSO-d6) of compound 5. 

(From 3.00 ppm to 5.50 ppm). 

 

     The examination of the HSQC spectrum (Fig. IV.48) recorded in DMSO-d6 

showed the presence of correlations identified as follow: 

 The proton H-6’ showed a correlation with the carbon C-6’ at δC 119.6 ppm. 

 The proton H-2’ showed a correlation with the carbon C-2’ at δC 113.5 ppm. 

 The proton H-5’ showed a correlation with the carbon C-5’ at δC 116.2 ppm. 

 The proton H-8 showed a correlation with the carbon C-8 at δC 95.0 ppm. 

 The proton H-3 showed a correlation with the carbon C-3 at δC 103.4 ppm. 

 The proton H-6 showed a correlation with the carbon C-6 at δC 99.5 ppm. 

 The proton H-1” showed a correlation with the carbon C-1” at δC 100.5 ppm. 

 The proton H-6”a and H-6”b showed correlations with the carbon C-6” at δC 

60.5 ppm. 

 The proton H-5” showed a correlation with the carbon C-5” at δC 77.2 ppm. 

 The proton H-3” showed a correlation with the carbon C-3” at δC 77.1 ppm. 

 The proton H-2” showed a correlation with the carbon C-2” at δC 70.3 ppm. 

 The proton H-4” showed a correlation with the carbon C-4” at δC 72.0 ppm. 

 No correlation was observed for the proton of the proposed chelated hydroxyl 

groups at δH 12.96 ppm which confirm our proposition. 
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Figure IV.48. HSQC-NMR Spectrum (400 MHz, DMSO-d6) of compound 5. 

 

 

     According to the literature, these chemical shifts obtained are characteristic of 

glucose carbons C-1”, C-2”, C-3”, C-4”, C-5” and C-6” glucose. This proposal was 

confirmed by an acid hydrolysis and by comparison of this obtained sugar by a co-

chromatography with other authentic controls. The 13C-NMR data from the HSQC 

correlations (Fig. IV.48) were in good agreement with those reported previously for 

an Isoorientin [18-19].      

 

     The examination of the HMBC spectrum (Fig. IV.49 and Fig. IV.50) recorded in 

DMSO-d6 of the aromatic region of the spectrum confirm the proposal structure of 

this compound by the presence of some correlations identified as follow: 

 The proton of the hydroxyl group linked to C-5 (5-OH) showed four (4) clear 

correlations confirming its position: The first with a carbon at δC 99.5 ppm, 

attributable to C-6, the second correlation with a carbon at δC 105.8 ppm 

attributable to C-4a, the third with a carbon at δC 182.3 attributable to the 

carbonyl group on C-4. The last correlation with a carbon at δC 163.2 attributable 

to the carbon C-7. 
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Figure IV.49. HMBC-NMR Spectrum (400 MHz, DMSO-d6) of compound 5. 

 

 

 
Figure IV.50. HMBC-NMR Spectrum (400 MHz, DMSO-d6) of compound 5. 

(From 6.00 ppm to 7.80 ppm). 
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 The H-6’ proton showed three (3) correlations: The first with a carbon at δC 

113.5 ppm, attributable to C-2’, the second correlation with a carbon at δC 149.8 

ppm attributable to C-4’, and with a carbon at δC 164.9 ppm attributable to C-2. 

 The H-2’ proton showed four (4) correlations: with a carbon at δC 119.6 ppm, 

attributable to C-6’, the second correlation with a carbon at δC 149.8 ppm 

attributable to C-4’, the third with a carbon at δC 164.9 ppm attributable to C-2, 

this last correlation confirm the attachment of the aromatic cycle with the B cycle 

on carbon C-2. The last correlation with a carbon at δC 146.1 ppm attributable to 

the carbon C-3’. 
 The H-5’ proton showed three (3) correlations: firstly with a carbon at δC 

121.6 ppm, attributable to C-1’, secondly correlation with a carbon at δC 146.1 

ppm attributable to C-3’, the third with a carbon at δC 149.8 ppm attributable to 

C-4’. 
 The H-8 proton showed four (4) correlations: The first with a carbon at δC 99.5 

ppm, attributable to C-6, the second correlation with a carbon at δC 105.8 ppm 

attributable to the quaternary carbon C-4’a, the third with a carbon at δC 163.2 

ppm attributable to C-7. The last correlation with a carbon at δC 157.4 ppm 

attributable to the carbon C-8a. 

 The H-3 proton showed four (4) correlations with a carbon at δC 105.8 ppm, 

attributable to C-4a, the second correlation with a carbon at δC 121.6 ppm 

attributable to C-1’, this correlation confirm the attachment of the B cycle with 
the aromatic cycle on carbon C-1’. The third with a carbon at δC 182.3 ppm 

attributable to the carbonyl group on C-4. The last correlation with a carbon at δC 

164.9 ppm attributable to the carbon C-2. 

 The H-6 proton showed four (4) correlations: The first with a carbon at δC 95.0 

ppm, attributable to C-8, the second correlation with a carbon at δC 105.8 ppm 

attributable to C-4a, the third with a carbon at δC 161.3 ppm attributable to the 

carbon on C-5. The last correlation with a carbon at δC 163.2 ppm attributable to 

the carbon C-7. 

   All these HMBC correlations confirm the structure of the aglycon part of this 

compound as a Luteolin. 

 

     The examination of the HMBC spectrum of the sugar region (upfield region) (Fig. 

IV.51) of the spectrum showed other correlations tasks identified as follows: 

 The anomeric proton H-1’’ showed three (3) correlations: The first with a 

carbon at δC 163.2 ppm, attributable to C-7 confirm the attachment of the suger 

moiety with the aglycn on C-7, the second correlation with a carbon at δC 77.1 

ppm attributable to C-3’’, and with a carbon at δC 77.2 ppm attributable to C-5’’. 
 The two protons H-6”a and H-6”b on C-6” showed the only possible 

correlation with a carbon at 77.2 ppm attributable to C-5’’. 
 The proton H-5’’ showed three (3) correlations: The first with the carbon at δC 

100.5 ppm attributable to C-1” of the anomeric proton, the second correlation 
with a carbon at δC 77.1 ppm attributable to C-3’’, and a correlation with a carbon 
at δC 60.5 ppm attributable to C-6’’. 
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Figure IV.51. HMBC-NMR Spectrum (400 MHz, DMSO-d6) of compound 5. 

(From 2.60 ppm to 5.30 ppm). 

 

 The proton H-3’’ showed two (2) correlations: The first with the carbon at δC 

100.5 ppm attributable to C-1” of the anomeric proton, the second correlation 
with a carbon at δC 77.2 ppm attributable to C-5’’. 
 The proton H-2’’ showed the only possible correlation with a carbon at 72.0 

ppm attributable to C-4’’. 
 The proton H-4’’ showed two (2) correlations: The first with the carbon at δC 

73.0 ppm attributable to C-2” and a second with a carbon at δC 60.5 ppm 

attributable to C-6’’. 
 

 
Figure IV.52. 

1H-1H COSY-NMR Spectrum (400 MHz, DMSO-d6) of compound 5 
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   The interpretation of the correlations observed on the 1H-1H COSY spectrum (Fig. 

IV.52) between the anomeric H-1” at δH 5.06 ppm (d, J=7.3 Hz) and the proton at δH 

3.25 ppm (m), allowed to identify the proton H-2”, as well as the identification of the 
other osidic protons H-3”, H-4”, H-5”, H-6”a and H-6”b. 

  All the chemical shifts of the NMR analysis (1H, 13C, HSQC and HMBC) of 

compound 5 are summarized in the following table (Table IV.12). 

 

Table IV.12. 1H, 13C and HMBC NMR data (400 MHz) of compound 5 (DMSO-d6). 
Positions δC (ppm) δH (ppm), mult., J (Hz) HMBC 

1 - - - 

2 164.9 - - 

3 103.4 6.72 (s, 1H) C-4a, C-1’, C-4, C-2 

4 182.3 - - 

5 161.3 - - 

6 99.5 6.42 (d, 1H, J=1.6 Hz) C-8, C-4a, C-5, C-7 

7 163.2 - - 

8 95.0 6.77 (d, 1H, J=1.6 Hz) C-6, C-4a, C-7, C-8a 

4a 105.8 - - 

8a 157.4 - - 

1’ 121.6 - - 

2’ 113.5 7.40 (s, 1H) C-6’, C-4’, C-3’, C-2 

3’ 146.1 - - 

4’ 149.8 - - 

5’ 116.2 6.89 (d, 1H, J=8.2 Hz) C-1’, C-3’, C-4’ 
6’ 119.6 7.42 (dd, 1H, J=8.2-2.0 Hz) C-4’, C-2’, C-2 

1” 100.5 5.06 (d, 1H, J=7.3 Hz) C-3’’, C-5’’, C-7 

2” 73.0 3.25 (m, 1H) C-4’’ 
3” 77.1 3.28 (m, 1H) C-1’’, C-5’’ 
4” 72.0 3.22 (m, 1H) C-2’’, C-6’’ 
5” 77.2 3.44 (m, 1H) C-1’’, C-3’’, C-6’’ 

6”a 60.5 3.45 (m, 1H) C-5’’ 
6”b 60.5 3.70 (m, 1H) C-4’’ 

5-OH - 12.96 (s, 1H) C-6, C-4a, C-4, C-7 

 

     All these ESI-MS, UV-Visible and NMR data confirm the structure of the 

compound 5 as a 3', 4', 5, tetrahydroxy 7-O-glucosyl flavone known as: luteolin-7-

O-glucosyl. [10]. 
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IV.5.6. Identification of compound 6  

 

 
Figure IV.53. Structure of compound 6 

 

 

     Compound 6 was obtained as an orange powder. The UV-Visible spectrum 

showed a maximal absorption at 224, 250, 280 and 410 nm, suggestive of an 

anthraquinone structure [20]. The ESI-MS recorded on positive mode (Fig. IV.54) 

gave an [M+H]+ ion at m/z = 255.0 consistent with the molecular formula of C15 H10 

O4 with 11 unsaturations. 

 

 
Figure IV.54. ESI-MS spectrum in negative ion mode of compound 6. 

 

 

    The 1H-NMR spectrum of Compound 6 (Fig. IV.55 and Fig. IV.56) showed two 

highly deshielded singlets at δH 12.02 ppm and δH 12.13 ppm which can 

corresponding to the two chelated hydroxyl groups. The position of these two 

chelated hydroxyl groups will be demonstrate later with the analysis of the HMBC 

spectrum. The 1H-NMR spectrum showed also a pair of meta-coupled protons at δH 

7.11 ppm (1H, s, H-2) and δH 7.66 ppm (1H, d, J = 2.2 Hz, H-4) with the C-3 attached 

methyl at δH 2.47 ppm (3H, s). In addition to an ABX spin system was observed at δH 



CHAPTER IV                                                                                                                                               Results and Discussions 

 

112 

 

7.83 ppm (1H, d, J = 7.3 Hz, H-5), δH 7.69 ppm (1H, t, J = 9.5 Hz, H-6) and δH 7.30 

ppm (1H, d, J = 8.6 Hz, H-7). 

 

 
Figure IV.55. 1H-NMR Spectrum (400 MHz, CDCl3) of compound 6. 

 

 

 
Figure IV.56. 1H-NMR Spectrum (400 MHz, CDCl3) of compound 6. 

(From 7.00 ppm to 8.00 ppm). 

 

 

   The examination of the HSQC spectrum (Fig. IV.57) recorded in CDCl3 showed the 

presence of some correlations identified as follow: 

 The proton H-2 showed a correlation with the carbon C-2 at δC 124.4 ppm. 

 The proton H-4 showed a correlation with the carbon C-4 at δC 121.2 ppm. 

 The proton H-7 showed a correlation with the carbon C-4 at δC 124.4 ppm. 

 The proton H-6 showed a correlation with the carbon C-4 at δC 138.7 ppm. 
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 The proton H-5 showed a correlation with the carbon C-4 at δC 119.9 ppm. 

 The protons of the methyl group 11-CH3 showed a correlation with the carbon 

C-11 at δC 22.4 ppm. 

 No correlations were observed for the protons of the proposed chelated 

hydroxyl groups at δH 12.03 ppm and δH 12.13 ppm which confirm that are 

two hydroxyl groups [15]. 

 

 
Figure IV.57. HSQC-NMR Spectrum (400 MHz, CDCl3) of compound 6. 

 

   The examination of the HMBC spectrum (Fig. IV.58 and Fig. IV.59) recorded in 

CDCl3 showed the presence of many correlations identified as follow: 

 The methyl group (CH3) at δH 2.47 ppm showed three (3) correlations: the first 

with a carbon at δC 124.4 ppm attributable to C-2, the second with a carbon at δC 

121.2 ppm attributable to C-4 and a third correlation with a carbon at δC 149.3 

ppm attributable to C-3, this correlation confirm the position of the methyl group 

on the carbon C-3 of the aromatic ring. 

 The hydroxyl group (OH) at δH 12.03 ppm showed three (3) correlations: the 

first with the carbon at δC 162.7 ppm (Carbonyl group) attributable to C-1, the 

second with the carbon at δC 124.4 ppm attributable to C-2 and the third with a 

carbon at 113.8 ppm attributable to the quaternary carbon C-1a. These 

correlations confirm the position on the hydroxyl group at the carbon C-1. 

 The second hydroxyl group (OH) at δH 12.13 ppm showed three (3) 

correlations: the first with the carbon at δC 162.4 ppm (carbonyl group) 

attributable to C-8, the second with the carbon at δC 124.4 ppm attributable to C-7 

and the third with a carbon at 115.9 ppm attributable to the quaternary  carbon C-
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8a. These correlations confirm the position on the second hydroxyl group at the 

carbon C-8. 

 

 
Figure IV.58. HMBC-NMR Spectrum (400 MHz, CDCl3) of compound 6. 

 

 The H-2 proton showed four (4) correlations: The first with a carbon at δC 

113.8 ppm, this carbon showed two other correlations with the protons H-4 and 

the hydroxyl group 1-OH, so this carbon can be only quaternary C-1a, the second 

correlation with a carbon at δC 162.9 ppm attributable to C-1, the third with a 

carbon at δC 121.2 ppm attributable to C-4 and the fourth with a carbon at δC 22.4 

ppm, attributable to the methyl group 11-CH3. 

 The H-7 proton showed three (3) correlations: The first with a carbon at δC 

115.9 ppm, this carbon showed two other correlation tasks with the protons H-5 

and the hydroxyl group 8-OH, so this carbon can be only quaternary C-8a, the 

second correlation with a carbon at δC 162.4 ppm attributable to C-8 and the third 

with a carbon at δC 119.9 ppm attributable to C-5. 

 The H-4 proton showed three (3) correlations: The first with a quaternary 

carbon at δC 113.8 ppm attributable to C-1a, the second correlation with a carbon 

at δC 124.4 ppm attributable to C-2 and the third with a carbon of the carbonyl 

group at δC 182.2 ppm attributable to C-10. 

 The H-6 proton showed only one (1) correlation with a carbon at δC 133.7 ppm 

attributable to the quaternary carbon C-5a. 

 The H-5 proton showed three (3) correlations with a quaternary carbon at δC 

115.9 ppm attributable to C-8a, the second correlation with a carbon at δC 124.4 
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ppm attributable to C-7 and the third with a carbon of the carbonyl group at δC 

182.2 ppm attributable to C-10. 

 

 
Figure IV.59. HMBC-NMR Spectrum (400 MHz, CDCl3) of compound 6. 

(From 7.00 ppm to 8.00 ppm). 

 

 All the chemical shifts of the 1H, 13C, HSQC and HMBC NMR data of compound 6 

are summarized in the following table (Table IV.13). 

 

Table IV.13. 1H NMR, 13C and HMBC data (600 MHz)of compound 6 (CDCl3). 
Positions δC (ppm) δH (ppm), mult., J (Hz) HMBC 

1 162.7 - - 

2 124.4 7.11 (s, 1H) C-1, C-1a, C-4, C-11 

3 149.3 - - 

4 121.2 7.66 (d, 1H, J=2.2 Hz) C-1a, C-2, C-10 

5 119.9 7.83 (d, 1H, J=7.3 Hz) C-8a, C-7, C-2 

6 138.7 7.69 (t, 1H, J=9.5 Hz) C-5a 

7 124.4 7.30 (d, 1H, J=8.6 Hz) C-8a, C-5, C-8 

8 162.4 - - 

9 183.0 - - 

10 182.2 - - 

4a 133.0 - - 

5a 133.7 - - 

8a 115.9 - - 

1a 113.8 - - 

11 22.4 2.47 (s, 3H) C-2, C-4, C-3 

1-OH - 12.02 (s, 1H) C-1, C-2, C-1a 

8-OH - 12.13 (s, 1H) C-8, C-7, C-8a 
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    The HMBC correlations of this compound were confirmed the structure 

determination. Accordingly, compound 6 was identified as 1, 8-dihydroxy-3-

methylanthracene-9, 10-dione or Chrysophanol, its spectral data were in very good 

agreement with the reported literatures [21] as well as reported previously from the 

Asphodelus genus [22]. 

 

 
 
 
 

IV.5.7. Identification of compound 7 

 

 
Figure IV.60. Structure of compound 7 

 

 

     Compound 7 was isolated as a yellow powder. It gave a visible spot on TLC on 

both 254 and 366 nm wavelengths and a yellow color after being sprayed by sulfuric 

acid and heated at 100°C. The mass experiment was carried out using ESI-MS in 

positif mode (Fig. IV.61) reveals a pseudo-molecular ion peak at m/z = 611.15 

[M+H]+ indicating a molecular weight of 610 uma corresponding to the molecular 

formula C21H20O11 with 12 unsaturations. 

 

   The presence of a Quercetin aglycone for this compound is clearly deduced from the 
1H and 13C-NMR spectra analysis (Fig. IV.62 and Fig. IV.63).  

The 1H-NMR spectrum showed the presence of the characteristic protons of a 

Quercetin skeleton: H-6 (δH 6.21 ppm, d, J = 2.1 Hz), H-8 (δH 6.39 ppm, d, J = 2.1 

Hz), H-10 (δH 7.71 ppm, d, J = 2.1 Hz), H-13 (δH 6.91 ppm, d, J = 8.4 Hz) and H-14 

(δH 7.65 ppm, d, J = 8.3 Hz). 
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Figure IV.61. ESI-MS data in positive ion mode of compound 7  

 

   The osidic zone of the 1H and 13C-NMR spectrums (Fig. IV.62 and Fig. IV.63) of 

this compound showed 10 oxymetoxy groups, one oxymethylene group and a methyl 

group, thus suggesting the presence of two hexose units having protons and carbons 

anomeric signals at [H-1’ (δH 5.11 ppm, d, J = 7.7 Hz) / (δC 104.4 ppm)] and [H-1" 

(δH 4.42 ppm, d, J = 1.6 Hz) / (δC 102.1 ppm)]. 

 

 
Figure IV.62.  1H-NMR Spectrum (600 MHz, CD3OD) of compound 7. 
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   The presence of a possible hexose unit (glucose) was demonstrated by the observed 

correlations on the 1H-1H COSY spectrum (Fig. IV.65) between the H-1’ anomeric 
proton (δH 5.11 ppm, d, J = 7.7 Hz) and the H-2’ proton (δH 3.49 ppm, dd, J = 8.4-7.7 

Hz), as well as between the protons H-2’/ H-3’ (δH 3.43 ppm, m) / H-4’ (δH 3.29 ppm, 

m) / H-5’ (δH 3.41 ppm, m) / H-6’a (δH 3.82 ppm, dd, J = 10.7-4.9 Hz) and H-6’b (δH 

3.40 ppm, dd, J = 10.7-5.0 Hz) of the same system of spins. The large values of the 

coupling constants of these protons confirm our suggestions for the presence of a 

glucose. The coupling of protons H-1’ and H-2’ with J=7.7 Hz assign for this glucose 

a β configuration (β-D-glucose). 

 

  Figure IV.63. 13C-NMR Spectrum (600 MHz, CD3OD) of compound 7. 

 

 

 
Figure IV.64. HSQC-NMR Spectrum (600 MHz, CD3OD) of compound 7. 
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  Thus, the presence of a possible rhamnose unit was evidenced following to the 

analysis of the correlations observed on the COSY spectrum (Fig. IV.65) of the 

remaining osidic protons starting from the second anomeric proton H-1" (δH 4.57 

ppm, d, J = 1.6 Hz). These correlations make it possible to identify the sequence H-

1"/ H-2"(δH 3.68 ppm, d, J = 3.2 Hz) / H-3" (δH 3.55 ppm, dd, J = 9.4-3.2 Hz) / H-4" 

(δH 3.30 ppm, m) / H-5"(δH 3.47 ppm, m) / H-6" (δH 3.34 ppm, d, J = 6.2 Hz). The 

values of coupling constants indicate an equatorial orientation for the protons H-1"and 

H-2" and an axial arrangement for the protons H-3", H-4" and H-5" confirming the 

existence of the osidic unit α-L-rhamnose. 

The osidic chain was determined to be a rutinoside imply a junction (1→6) glucose-

rhamnose, due firstly, to the deshielding of the carbon C-6’ (δC 68.3 ppm) of the 

glucose compared with C-6’ terminal glucose (δC 61.1 ppm) and secondly, to the 

chemical shift value of the C-1" anomeric carbon (δC 101.9 ppm) of rhamnose. 

 

    The interglycosidic bond was confirmed by the correlation spot observed on the 

HMBC spectrum (Fig. IV.66) between the anomeric proton H-1'' and the carbons C-6 

constituting the rutinoside unit. The correlation of the anomeric proton H-1" with the 

C-3 carbon of the aglycone reveals the point of attachment of the rutinoside unit to the 

aglycone quercetin. 

 

 
Figure IV.65. 1H-1H COSY-NMR Spectrum (600 MHz, CD3OD) of compound 7. 

(From 3.00 ppm to 5.10 ppm). 
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Figure IV.66. HMBC-NMR Spectrum (600 MHz, CD3OD) of compound 7. 

(From 0.50 ppm to 6.50 ppm). 
 
 

All the chemical shifts of the NMR proton and carbon data of compound 7 are 

summarized in the (Table IV.14). 

 

Table IV.14. 1H-NMR and 13C data (600 MHz) of compound 7 (CD3OD). 
Positions δC (ppm) δH (ppm), mult., J (Hz) 

1 - - 

2 158.9 - 

3 135.3 - 

4 178.2 - 

5 162.5 - 

6 100.3 6.21 (d, 1H, J=2.1 Hz) 

7 165.6 - 

8 95.0 6.39 (d, 1H, J=2.1 Hz) 

9 158.1 - 

10 117.4 7.71 (d, 1H, J=2.1 Hz) 

11 145.3 - 

12 149.1 - 

13 115.6 6.91 (d, 1H, J=8.4 Hz) 

14 123.2 7.65 (d, 1H, J=8.3 Hz) 

1’ 104.2 5.11 (d, 1H, J=7.7 Hz) 

2’ 75.3 3.49 (dd, 1H, J=8.4-7.7 Hz) 

3’ 77.9 3.43 (m, 1H) 

4’ 71.2 3.29 (m, 1H) 

5’ 77.8 3.41 (m, 1H) 

6’a 68.3 3.82 (dd, 1H, J=10.7-4.9 Hz) 

6’b 68.3 3.40 (dd, 1H, J=10.7-5.0 Hz) 

1” 101.9 4.57 (d, 1H, J=1.6 Hz) 
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2” 71.8 3.68 (d, 1H, J=3.2 Hz) 

3” 71.9 3.55 (dd, 1H, J=9.4-3.2 Hz) 

4” 73.3 3.30 (m, 1H) 

5” 69.3 3.47 (m, 1H) 

CH3 17.6 1.15 (d, 3H) 

 

     All these spectroscopic data and the comparison with those of the literature [23] 

make it possible to assign the structure for compound 7 as Quercetin-3-O-rutinoside 

(Rutin). This compound was previously isolated from many species [24] [25], as well 

as from the Asphodelus genus [26]. 

 

 

 

IV.5.8. Identification of compound 8  

 

 
 

Figure IV.67. Structure of compound 8. 

 

     Compound 8 was isolated as a yellow powder. It has shown a visible black-violet 

spot on 366 nm wavelengths. The ESI-MS on negative ion mode gave an ion peak at 

m/z = 269 attributable to pseudomolecular anion [M-H]- in agreement with a 

molecular formula of C15H10O5 with 11 unsaturations. 

  The examination of the 1H-NMR spectrum (Fig. IV.68 and Fig. IV.69) showed the 

possibility to have a flavonoid skeleton (flavone type). In more details, the 1H NMR 

spectrum of this compound 8 exhibited two doublets of meta coupled aromatic 

protons at δH 6.19 ppm (1H, d, J = 2.1 Hz) and δH 6.48 ppm (1H, d, J = 2.0 Hz) 

attributed to protons H-6 and H-8 respectively, of A ring of a flavones moiety. Signals 

of two vicinal ortho coupled aromatic protons at δH 7.92 ppm (2H, d, J = 8.8 Hz) and 

δH 6.92 ppm (2H, d, J = 8.8 Hz) were assigned to H2’/6’ and H3’/5’ respectively, of 
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the B ring. Additionally, the singlet appearing at δH 6.78 ppm was ascribed to vinyl 

proton H-3 belonging to C-ring. 

 

 
Figure IV.68. 1H-NMR Spectrum (400 MHz, DMSO-d6) of compound 8. 

 

 

 
Figure IV.69. 13C-NMR Spectrum (100 MHz, DMSO-d6) of compound 8. 
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Figure IV.70. HSQC-NMR Spectrum (400 MHz, DMSO-d6) of compound 8. 

 

  The examination of the HSQC spectrum (Fig. IV.70) recorded in DMSO-d6 showed 

the presence of many correlations identified as follow: 

 The protons H-2' and H-6' showed a correlation with the carbons C-2' and C-6' 

respectively, at δC 129.0 ppm. 

 The protons H-3' and H-5' showed a correlation with the carbons C-3' and C-5' 

respectively at δC 116.4 ppm. 

 The protons H-3, H-8 and H-6 correlate with the carbons C-3, C-8 and C-6 at 

δC 103.3, 94.4 and 99.3 ppm, respectively. 

 

  Examination of the HMBC spectrum (Fig. IV.71) recorded in DMSO-d6 showed the 

presence of many correlations identified as follow: 

 The H-6 proton showed four (4) correlations: The first with a quaternary 

carbon at δC 104.2 ppm, this carbon shows two other correlation tasks with the 

protons H-8 and H-3, so this carbon can be only C-4a, the second with a carbon at 

δC 161.9 ppm, the absence of a correlation of this latter with H-8, confirm that 

this carbon is C-5, the third with a carbon at δC 164.6 ppm, attributable to C-7. 

The fourth with a carbon at δC 94.4 ppm, attributable to C-8. 

 The H-8 proton showed four (4) correlations: with the quaternary carbon C-4a 

at δC 104.2 ppm, the second with another quaternary carbon at δC 157.8 ppm 

attributable to C-8a, the third with C-7 at δC 164.6 ppm, and the fourth with a 

carbon at δC 99.3 ppm, attributable to C-6. 

 The H-3 proton showed four (4) correlations: the first with C-4a at δC 104.2 

ppm, the second and third are with two quaternary carbons at δC 121.1 and 164.2 

ppm, attributable to carbons C-1' and C-2, respectively. The last with carbon at δC 

182.2 ppm, which can only be C-4. 
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 The H-3' and H-5' protons showed two (2) correlation, with C-1' at δC 121.7 

ppm and the second with C-4' at δC 161.7 ppm. 

 The H-2' and H-6' protons showed three (3) correlations, the first with C-3' at 

δC 116.4 ppm, the second at δC 161.7 ppm attributable to carbon C-4'. The last with 

carbon at δC 164.2 ppm, attributable to carbons C-2. 

 

 
Figure IV.71. HMBC-NMR Spectrum (400 MHz, DMSO-d6) of compound 8. 

 

     All the chemical shifts of the NMR protons, carbons and HMBC correlations of 

compound 8 are summarized in the following table (Table IV.15). 

 

  Table IV.15. 1H, 13C and HMBC NMR data (400MHz) of compound 8 (DMSO-d6). 
Positions δC (ppm) δH (ppm), mult., J (Hz) HMBC 

1 - - - 
2 164.2 - - 
3 103.3 6.78 (s) C-1’, C-4a, C-4, C-2 
4 182.2 - - 
5 161.9 - - 
6 99.3 6.19 (d, 1H, J=2.1 Hz) C-4a, C-8, C-7, C-5 
7 164.6 - - 
8 94.4 6.48 (d, 1H, J=2.0 Hz) C-4a, C-8a, C-7, C-6 

4a 104.2 - - 
8a 157.8 - - 
1’ 121.7 - - 
2’ 129.0 7.92 (d, 1H, J=8.8 Hz) C-3’, C-1’, C-4’, C-2 
3’ 116.4 6.92 (d, 1H, J=8.8 Hz) C-5’, C-1’, C-4’ 
4’ 161.7 - - 
5’ 116.4 6.92 (d, 1H, J=8.8 Hz) C-3’, C-1’, C-4’ 
6’ 129.0 7.92 (d, 1H, J=8.8 Hz) C-5’, C-1’, C-4’, C-2 
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    Comparison of these ESI-MS, 1H, 13C, HMBC and HSQC NMR data with those of 

the literature [2] allowed us to assign the structure of 5, 7, 4’-trihydroxyflavone 

(Apigenin) to compound 8. 

 

 
 

 

4.5.9. Identification of compound 9 

 

 
Figure IV.72.  Structure of compound 9 

 
 
 
     Compound 9 was isolated as a yellow amorphous powder. It showed a visible spot 

on TLC on both 254 and 366 nm wavelengths. 

 

     The examination of the 1H-NMR spectrums (Fig. IV.73 and Fig. IV.74) showed 

that it could be an aromatic compound while the benzene ring was characterized by: 

• Two doublets with δH 7.34 ppm and δH 8.65 ppm with the same coupling constant 

J=15.9 Hz attributable to two vicinal protons of a double bond. The value of the 

coupling constant indicates the trans configuration of these two protons. 

• A doublet at δH 7.90 ppm which can only be attributed to proton H-8 because the 

value of the coupling constant J = 8.2 Hz indicates the presence of a proton in an 

ortho position. 

• A doublet of doublet with δH 8.03 ppm (J = 8.2-1.9 Hz) attributable to proton H-9. 

• A doublet at δH 8.14 ppm giving meta coupling with J = 1.9 Hz attributable to the H-

5 proton. 
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Figure IV.73. 1H-NMR Spectrum (600 MHz, CD3OD) of compound 9. 

 

 

 
Figure IV.74. 1H-NMR Spectrum (600 MHz, CD3OD) of compound 9. 

(From 7.20 ppm to 8.80 ppm). 

 

    The 13C-NMR spectrum of this compound (Fig. IV.75) indicated the presence of 9 

carbon signals, including a carbonyl function carbon signal at δC 166.3 ppm, two 

olefinic carbons at δC 143.7 and δC 111.5 ppm for a possible C3=C2 double bond, 

respectively and six (6) aromatic carbons signals at δC 124.1 ppm, 111.9 ppm, 145.7 

ppm, 144.1 ppm, 113.0 ppm and 119.6 ppm, respectively. 
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Figure IV.75.  13C-NMR Spectrum (150 MHz, CD3OD) of compound 9. 

 

    The examination of the HSQC spectrum (Fig. IV.69) recorded in CD3OD showed 

the presence of many correlations identified as follow: 

 The proton H-3 showed a correlation with the carbon at δC 143.3 ppm 

attributable to carbon C-3. 

 The proton H-5 showed a correlation with the carbon at δC 111.9 ppm 

attributable to carbon C-3. 

 The proton H-9 showed a correlation with the carbon at δC 119.6 ppm 

attributable to carbon C-9. 

 The protons H-8 and H-2 showed correlations with the carbons at δC 113.0 and 

111.5 ppm attributable to the carbons C-8 and C-2, respectively. 

 

 
Figure IV.76.  HSQC-NMR Spectrum (600 MHz, CD3OD) of compound 9. 
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Figure IV.77. HMBC-NMR Spectrum (600 MHz, CD3OD) of compound 9. 

 

     The examination of the HMBC spectrum (Fig. IV.77) recorded in CD3OD showed 

the presence of many correlations identified as follow: 

 The H-3 proton showed four (4) correlations: The first with the carbon at δC 

111.9 ppm attributable to C-5, the second correlation with the carbon at δC 119.6 

ppm, this carbon is C-9, the third with the carbon at δC 124.1 ppm, attributable to 

C-4. The last correlation with a carbon at δC 166.3 ppm, attributable to C-1 (the 

carbon of the carboxylic function). 

 The H-5 proton showed three (3) correlations at δC 119.6, 143.7 and 144.1 

ppm attributable to the carbons C-9, C-3 and C-7 respectively. 

 The H-9 proton showed also three (3) correlation spots at δC 111.9, 143.7 and 

144.1 ppm attributable to the carbons C-5, C-3 and C-7 respectively. 

 The H-8 proton showed four (4) correlation spots: The first with the carbon at 

δC 119.6 ppm attributable to C-9, the second correlation with the carbon at δC 

124.1 ppm attributable to C-4, the third with the carbon at δC 145.7 ppm, 

attributable to C-6 and a last correlation with a carbon at δC 144.1 ppm, 

attributable to C-7. 

 The H-2 proton showed two (2) correlation spots at δC 124.1 and 166.3 ppm 

attributable to the carbons C-4 and C-1 respectively. 

 

     All the chemical shifts of the NMR protons, carbons, HSQC and HMBC 

correlations of compound 9 are summarized in the following table (Table IV.16). 
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Table IV.16. 1H, 13C and HMBC-NMR data (600 MHz) of compound 9 (CD3OD). 
Positions δC (ppm) δH (ppm), mult., J (Hz) HMBC 

1 166.3 - - 

2 111.5 7.34 (d, 1H, J=15.9 Hz) C-4, C-1 

3 143.7 8.65 (d, 1H, J=15.9 Hz) C-5, C-9, C-4, C-1 

4 124.1 - - 

5 111.9 8.14 (d, 1H, J=1.9 Hz) C-9, C-3, C-7 

6 145.7 - - 

7 144.1 - - 

8 113.0 7.90 (d, 1H, J=8.2 Hz) C-9, C-4, C-6, C-7 

9 119.6 8.03 (dd, 1H, J=8.2 - 1.9 Hz) C-5,  C-3, C-7 

 

    The comparison of these data with those reported in the literature [2] allowed us to 

assign and confirm the structure of a Caffeic acid to compound 9. 

All the spectral data of the isolated Caffeic acid were in good agreement with the 

published values of standards [27]. 

 

 
 

 

IV.5.10. Identification of compound 10 

 

 

 
Figure IV.78. Structure of compound 10 

 

 

     Compound 10 was obtained as a yellowish amorphous solid, its molecular weight 

was determined to be 516 by ESI-MS ion peaks at m/z 516.8 [M+H]+  and m/z 515.2 

[M-H]- 
(Fig. IV.79), corresponding to the molecular formula C25H24O12 with 14 

unsaturations. 
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Figure IV.79. ESI-MS (+) and (-) ion mode of compound 10.  

 

 

     The 1H and 13C-NMR spectrums of compound 10 (Fig. IV.80 and Fig. IV.81) 

showed two methylenes, three oxygenated protons and a carbonyl carbon at δC 177.3 

ppm, which were assigned for a qunic acid unit. In addition, the presence of two 

trans-caffeoyl groups was indicated by two ABX systems and two trans-olefinic 

protons. 

 

 

Figure IV.80. 13C-NMR spectrum (600 MHz, CD3OD) of compound 10. 
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Figure IV.81. 1H-NMR Spectrum (600 MHz, CD3OD) of compound 10. 

 

 

     The 1H-NMR spectrum (Fig. IV.82) showed two pairs of doublets with coupling 

constants of 15.9 Hz indicative of trans olefinic protons found in hydroxy cinnamic 

acids. In the aromatic region, resonances for two ABX systems [δH 7.07 ppm (d, 

J=1.9 Hz), 6.81 ppm (d, J=8.1 Hz) and 6.97 ppm (dd, J=8.1, 2.0 Hz); and δH 7.09 

ppm (d, J=1.9 Hz), 6.83 ppm (d, J=8.1 Hz) and 6.99 (dd, J=8.2, 2.0 Hz)] were 

observed, which were assigned to two 1, 3, 4-trisubstituted phenyl units. From these 

observations, along with the analysis of the 13C-NMR data, two caffeic acid moieties 

were inferred to be present. 

The presence of the quinic acid moiety was indicated by 1H-NMR resonances (Fig. 

IV.83) of three oxymethine protons at δH 5.61 ppm (q, J = 8.1-7.3 Hz), 5.17 ppm (dd, 

J = 8.0-3.0 Hz) and 4.41 ppm (ddd, J = 6.4-3.3-3.3 Hz), together with two pairs of sp3 

methylene protons at δH 2.32 / 2.30 ppm and δH 2.39 / 2.15 ppm for H2-15 and H2-11, 

respectively. All of the latter are characteristic of a quinic acid unit, with regard to 

their multiplicity and coupling patterns.  

The deshielded resonances of two oxymethine protons in the quinic acid nucleus at δH 

5.61 ppm (H-10) and δH 4.41 ppm (H-14) implied acylation of the hydroxyl group at 

these positions as earlier reported for other naturally occurring quinic acid derivatives 

[28-29]. 
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Figure IV.82. 1H-NMR Spectrum (600 MHz, CD3OD) of compound 10. 

(From 5.00 ppm to 7.90 ppm) 

 

 

 
Figure IV.83. 1H-NMR Spectrum (600 MHz, CD3OD) of compound 10. 

(From 2.00 ppm to 4.50 ppm). 
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Figure IV.84. HSQC-NMR Spectrum (600 MHz, CD3OD) of compound 10. 

 

   The examination of HSQC spectrum (Fig. IV.84) recorded in CD3OD showed the 

presence of correlations give more details about the assignment of this compound 

structure identified as follow: 

 The protons H-7 and H-18 showed a correlation with the carbon C-7 and C-18, 

respectively, at δC 147.6 ppm. 

 The protons H-1 and H-24 showed a correlation with the carbon C-1 and C-24, 

respectively, at δC 115.0 ppm. 

 The protons H-5 and H-20 showed a correlation with the carbon C-5 and C-20, 

respectively, at δC 123.2 ppm. 

 The protons H-4 and H-21 showed a correlation with the carbon C-4 and C-21, 

respectively, at δC 116.4 ppm. 

 The protons H-17 and H-8 showed a correlation with the carbon C-17 and C-8, 

respectively, at δC 114.5 ppm. 

 The proton H-10 showed a correlation with the carbon C-10 at δC 68.9 ppm. 

 The proton H-13 showed a correlation with the carbon C-13 at δC 74.5 ppm. 

 The proton H-14 showed a correlation with the carbon C-14 at δC 68.3 ppm. 

 The protons H-11a and H-11b showed a correlation with the carbon C-11 at δC 

38.2 ppm. 

 The protons H-15a and H-15b showed a correlation with the carbon C-15 at δC 

38.3 ppm. 

 

     The assignments of the protons of the quinic acid nucleus were corroborated by 

analysis of the 1H-1H COSY spectra (Fig. IV.85). 
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The attachments of the two caffeoyl moieties at C-10 and C-14 of quinic acid part 

were deduced from the HMBC correlation of H-10 and H-14, respectively, (Fig. 

IV.87 and Fig.IV.88) with their ester carbonyl carbons (C-9 and C-16) at δC 168.4 

ppm and δC 167.8 ppm, respectively. 

 

 The H-14 proton showed four (4) correlations: The first with the carbon at δC 

68.9 ppm attributable to C-10, the second correlation with the carbon at δC 75.5 

ppm attributable to C-12, the third with the carbon at δC 38.3 ppm, attributable to 

C-15 and a last correlation with a carbon at δC 167.8 ppm, attributable to C-16 

which confirm the attachment point of the caffeoyl moiety. 

 The H-10 proton showed two (2) correlations: The first with the carbon at δC 

75.5 ppm attributable to C-12, and a second correlation with a carbon at δC 168.4 

ppm, attributable to the ester carbonyl carbon C-9 which confirms also the 

attachment point of the caffeoyl moiety at C-10. 

 

 

Figure IV.85. 1H-1H COSY-NMR Spectrum (600 MHz, CD3OD) of compound 10 
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Figure IV.86. HMBC-NMR Spectrum (600 MHz, CD3OD) of compound 10. 

 

 

 
Figure IV.87. HMBC-NMR Spectrum (600 MHz, CD3OD) of compound 10. 

(From 5.00 ppm to 8.00 ppm). 

 
 



CHAPTER IV                                                                                                                                               Results and Discussions 

 

136 

 

     The examination of the entire HMBC spectrum (Fig. IV.87 and Fig.IV.88) 

recorded in CD3OD showed the presence of other correlations identified as follow: 

 Both H-7 and H-18 protons showed four (4) correlations: The first with the 

carbon at δC 115.0 ppm attributable to C-1 and C-24, the second with the carbon 

at δC 123.2 ppm attributable to C-5 and C-20, the third with the carbon at δC 

127.7 ppm and δC 127. ppm attributable to C-6 and C-19, respectively, the last 

correlation with the carbon at δC 168.4 ppm and δC 167.8 ppm, attributable to 

both ester carbonyl carbons C-9 and C-16, respectively. 

 Both H-1 and H-24 protons showed three (3) correlations: The first with the 

carbon at δC 123.2 ppm attributable to C-5 and C-20, the second correlation with 

the carbon at δC 147.6 ppm attributable to C-7 and C-18, the third with the carbon 

at δC 149.6 ppm attributable to C-3 and C-22. 

 Both H-5 and H-20 protons showed three (3) correlations: The first with the 

carbon at δC 115.0 ppm attributable to C-1 and C-24, the second correlation with 

the carbon at δC 147.6 ppm attributable to C-7 and C-18, the third with the carbon 

at δC 149.6 ppm attributable to C-3 and C-22. 

 Both H-4 and H-21 protons showed three (3) correlations: The first with 

carbons at δC 127.7 and 127.3 ppm attributable to C-6 and C-19, respectively, the 

second correlation with the carbon at δC 146.2 and 146.8 ppm attributable to C-2 

and C-23, respectively, the third correlation with the carbon at δC 149.6 ppm 

attributable to C-3 and C-22. 

 Both H-8 and H-17 proton showed three (3) correlations: The first with 

carbons at δC 127.7 and 127.3 ppm attributable to C-6 and C-19, respectively, the 

second correlation with the carbon at δC 147.6 ppm attributable to C-7 and C-18, 

the last correlation with carbons at δC 168.4.6 and 167.8 ppm attributable to C-9 

and C-16, respectively. 

 The proton H-10 showed (2) correlations at δC 75.5 ppm and δC 168.4 ppm 

attributable to C-12 and C-9, respectively.  

 The proton H-13 showed four (4) correlations: The first with the carbon at δC 

38.2 ppm attributable to C-11, the second correlation with the carbon at δC 38.3 

ppm attributable to C-15, the third with the carbon at δC 68.3 ppm attributable to 

C-14, the last correlation with the carbon at δC 175.7 ppm, attributable to the 

carboxylic function carbon C-25. 

 The proton H-14 showed also four (4) correlations: with the carbon at δC 38.3 

ppm attributable to C-15, with the carbon at δC 68.9 ppm attributable to C-10, 

with the carbon at δC 75.5 ppm attributable to C-12, the last with the carbon at δC 

167.8 ppm, attributable to the ester carbonyl carbons C-16. 

 The protons H-11a and H-11b showed together four (4) correlation: with the 

carbon at δC 38.3 ppm attributable to C-15, with the carbon at δC 68.9 ppm 

attributable to C-10, with the carbon at δC 74.5 ppm attributable to C-13, the last 

with the carbon at δC 175.5 ppm, attributable to the ester carbonyl carbons C-25. 
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Figure IV.88. HMBC-NMR Spectrum (600 MHz, CD3OD) of compound 10. 

(From 1.50 ppm to 5.50 ppm). 

 

 The protons H-15a and H-15b showed together four (4) correlations: with the 

carbon at δC 38.2 ppm attributable to C-11, with the carbon at δC 68.9 ppm 

attributable to C-10, with the carbon at δC 68.3 ppm attributable to C-14, the last 

with the carbon at δC 74.5 ppm, attributable to the ester carbonyl carbons C-13. 

 

  All the chemical shifts of the NMR protons, carbons, HSQC and HMBC correlations 

of compound 10 are summarized in the following table (Table IV.17). 

 

Table IV.17. 1H, 13C and HMBC NMR data (600 MHz) of compound 10 (CD3OD). 
Positions δC (ppm) δH (ppm), mult., J (Hz) HMBC 

1 115.0 7.09 (d, 1H, J=1.9 Hz) C-5, C-7, C-3 

2 146.2 - - 

3 149.6 - - 

4 116.4 6.83 (d, 1H, J=8.1 Hz) C-6, C-2, C-3 

5 123.2 6.99 (dd, 1H, J=8.2-2.0 Hz) C-1, C-3, C-7 

6 127.7 - - 

7 147.6 7.67 (d, 1H, J=15.8 Hz) C-1, C-5, C-6, C-9 

8 114.5 7.57 (d, 1H, J=15.8 Hz) C-6, C-9, C-7 

9 168.4 - - 

10 68.9 5.61 (q, 1H, J=8.1-7.3Hz) C-12, C-9 

11a 38.2 2.39 (dd, 1H, J=13.8-3.2 Hz) C-15, C-13, C-9, C-10 

11b 38.2 2.15 (dd, 1H, J=13.6-4.6 Hz) C-15, C-13, C-9, C-10 

12 75.5 - - 

13 74.5 5.17 (dd, 1H, J=8.0-3.0 Hz) C-11, C-15, C-14, C-16 
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14 68.3 4.41 (m, 1H) C-10, C-12, C-15, C-16 

15a  38.3 2.32 (dd, 2H, J=11.8-5.8 Hz) C-11, C-13 

15b 38.3 2.30 (dd, 2H, J=11.8-5.8 Hz) C-11, C-13 
16 167.8 - - 

17 114.5 6.36 (d, 1H, J=15.8 Hz) C-19, C-16, C-18 

18 147.6 7.57 (d, 1H, J=15.8 Hz) C-24, C-20, C-16, C-19 

19 127.3 - - 

20 123.2 6.97 (dd, 1H, J=8.2-2.0 Hz) C-24, C-18, C-22 

21 116.4 6.82 (d, 1H, J=8.1 Hz) C-19, C-23, C-22 

22 149.6 - - 

23 146.8 - - 

24 115.0 7.07 (d, 1H, J=1.9 Hz) C-20, C-18, C-22 

25 175.5 - - 

 

    All the above spectral data were consistent with those of 3, 5-dicaffeoylquinic acid 

[28-30].  Thus, compound 10 was concluded to be 10, 14-dicaffeoylquinic acid. 

 

 
 

 

IV.5.11. Identification of compounds 11. (New Compound) 

 
 

 
Figure IV.89. Structure of compound 11. 
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   Compound 11 was obtained as a yellowish amorphous powder. Its HRESI-MS 

analysis (Fig. IV.90) gave an [M-H]- ion at m/z = 669.16353 (calculated for 

C36H29O13, 669.16081), consistent with the molecular formula C36 H30 O13, indicating 

22 degrees of unsaturation in the structure. 

 

 
Figure IV.90. HR-ESIMS spectrum in negative ion mode of compound 11. 

 

 
Figure IV.91. 1H-NMR Spectrum (600 MHz, CDCl3) of compound 11. 
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Figure IV.92. 1H-NMR Spectrum (600 MHz , CDCl3) of compound 11. 

(From 6.70 ppm to 7.70 ppm). 

 

     The full structure was elucidated by extensive NMR analysis including 1H (Fig. 

IV.91, Fig. IV.92, Fig. IV.93), HMBC (Fig. IV.97) and HSQC (Fig. IV.94) 

experiments. In more details, assignment of 13C resonances performed by HSQC and 

HMBC analysis of this compound showed 36 carbon resonances, including two 

methyl groups (δC 21.9 ppm and δC 22.9 ppm), one oxymethylene (δC 62.9 ppm), 

eight aromatic methines, five sp3 oxymethines, 12 quaternary carbons, four 

oxygenated sp2 tetiary carbons, three carbonyl carbons (δC 194.5 ppm, 182.6 ppm and 

193.4 ppm) and one oxygenated sp3 tetiary carbon.  

The 1H-NMR spectrum (Fig. IV.91) showed eight downfield resonances attributable 

to eight aromatic protons, two singlets at δH 2.13 ppm and δH 2.47 ppm assigned to 

two aromatic methyl groups (CH3). The spectrum showed also the presence of an 

hexose unit characterized by five oxymethine protons at δH 3.45 ppm (d,  J = 9.3 Hz), 

δH 3.30 ppm (t, J = 9.3-9.3 Hz), δH 3.57 ppm (t, J = 9.3-9.3 Hz), δH 3.15 ppm (t, J = 

9.3-9.3 Hz), δH 3.27 ppm (m) and one oxymethylene at δH 3.57 ppm. δH 3.77 ppm (m) 

coupled to their neighbors in this order based essentially on 1H-1H COSY experiment 

(Fig. IV.101), confirming with the presence of this hexose unit.  

In addition, the 1H-NMR spectrum (Fig. IV.91) showed four highly deshielded 

singlets at δH 11.87 ppm, 12.03 ppm, 12.12 ppm and 12.58 ppm, indicative of 

exchangeable hydrogens bond to oxygen, and assigned, in particular to four phenolic 

OH groups (δC 162.9 ppm, 162.2 ppm, 159.3 ppm and 162.7 ppm) [31].  
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Figure IV.93. 1H-NMR Spectrum (600 MHz, CDCl3) of compound 11. 

(From 2.90 ppm to 4.30 ppm). 

 

     The full assignment of C/H resonances, accomplished also by a careful analysis of 

HMBC correlations, allowed confirming this hypothesis. In more details very 

diagnostic were correlations of the methyl group (δH/C 2.13 / 21.9 ppm) with C-2, C-3 

and C-4 and with the singlet at δH 7.27 ppm (H-2) (Fig. IV.98). 

    Moreover, an ABX spin system for three aromatic protons at δH 7.59 ppm (1H, d, J 
= 8.2 Hz, H-5), δH 7.60 ppm (1H, t, J = 8.2 Hz, H-6) and δH 7.24 ppm (1H, d, J = 8.2 

Hz, H-7) and their long range H/C correlation pattern H-5/C-10, H-7/C-8a, allowed to 

identify a chrysophanol (1,8-dihydroxy-3-methylanthraquinone, C15 H10 O4) moiety 

leaving C-4 (δC 131.5 ppm) as the point of attachment to an oxoanthrone structure 

[31], identified analyzing the remaining the 1H / 13C resonances. 

In more details, the C-6’ location of the other methyl group (δH/C 2.47 / 22.9 ppm) was 

supported by HMBC correlations with C-5’, C-6’ and C-7’ and with the singlet at δH 

7.20 ppm (H-5’). Moreover, the presence of a pair of deshielded ortho- coupled 

protons with an AX pattern at δH 7.25 ppm (1H, d, J = 8.2 Hz, H-3’) and δH 7.55 ppm 

(1H, d, J = 8.2 Hz, H-4’) and two meta-coupled protons, at δH 7.20 ppm (1H, s, H-5’) 
and δH 6.84 ppm (1H, s, H-7’), separated by the CH3-11’ methyl group (HMBC 
correlations in (Fig. IV.112 and Fig. IV.113)), suggested the point of attachment in 

this portion of molecule at C-2’ (δC 129.6 ppm) [31]. Finally, particularly valuable 

were the correlation found for the quaternary carbinol at δC 77.3 ppm (C-10’) with the 
proton at position H-4’ and H-5’, the former belonging to the AX system, the latter 
belonging to one of the two meta-proton system.  
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Figure IV.94. HSQC-NMR Spectrum (600 MHz, CDCl3) of compound 11. 

 

     All the above data, compared with those with the present compounds present in 

literature, suggested that compound 11 was strictly related to asphodosides A, and 

anthraquinone-oxanthrone C-glycoside [31], with an hexose unit linked at C-10’ 
position of aglycone portion instead of pentose, as deduced by comparison of ESI-MS 

spectra and by 1H and 13C resonances. In particular, C-glycoside oxanthrone structure 

for compound 11 was supported by upfield shift of the anomeric carbon signals at δC 

83.8 ppm (C-1”), and the HMBC correlation of H-1” to C-10’ (Fig. IV.98), providing 

full evidence of the exact location of the sugar moiety. The presence of a C-β-

glucopyranosyl unit in compound 11 was supported by several evidences:  

i) The presence in ESI-MS spectrum of a signal at m/z = 506, due to the loss of a 

hexose unit from [M – H–162]-, 

 ii) The multiplicity of the sugar signals and the JH-H values were in good agreement 

with those reported for other β-glucopyranosyl moieties [5-32] in accordance with all 

these data the structure 11.  

The IR indications on the presence of carbonyl groups (1604 cm-1), hydroxyl groups 

(3405 cm-1) and aromatic rings (1423 cm-1) further supported the anthraquinone type 

structure (Fig. IV.100). 

 

   To confirm all the previous data, the examination of the HSQC spectrums (Fig. 

IV.94, Fig. IV.95 and Fig. IV.96) recorded in CDCl3 of the aromatic region showed 

the presence of many correlations giving more details about the assignment of 

compound structure identified as follow: 
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Figure IV.95. HSQC-NMR Spectrum (600 MHz, CDCl3) of compound 11. 

(From 6.75 ppm to 7.75 ppm) 

 

   The proton H-4’ showed a correlation with the carbon C-4’ at δC 116.2 ppm. 

 The proton H-6 showed a correlation with the carbon C-6 at δC 137.4 ppm. 

 The proton H-5 showed a correlation with the carbon C-5 at δC 120.5 ppm. 

 The proton H-2 showed a correlation with the carbon C-2 at δC 125.6 ppm. 

 The proton H-3’ showed a correlation with the carbon C-3’ at δC 135.4 ppm. 

 The proton H-7 showed a correlation with the carbon C-7 at δC 124.2 ppm. 

 The proton H-5’ showed a correlation with the carbon C-5’ at δC 118.5 ppm. 

 The proton H-7’ showed a correlation with the carbon C-7’ at δC 118.3 ppm. 

 

For the osidic region, the HSQC spectrum showed also correlations identified as 

follow: 

 Both H-6’’a, H-6“b showed correlation with the carbon C-6’’ at δC 62.9 ppm. 

 The proton H-3” showed a correlation with the carbon C-3” at δC 78.8 ppm. 

 The proton H-1” showed a correlation with the carbon C-1” at δC 83.8 ppm. 

 The proton H-2” showed a correlation with the carbon C-2” at δC 71.7 ppm. 

 The proton H-4” showed a correlation with the carbon C-4” at δC 70.7 ppm. 

 The proton H-5” showed a correlation with the carbon C-5” at δC 81.0 ppm. 

 The two methyl groups protons at 11’-CH3 and 11-CH3 showed correlation 

with the carbons at δC 22.9 ppm and δC 21.9 ppm, respectively. 
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Figure IV.96. HSQC-NMR Spectrum (600 MHz, CDCl3) of compound 11. 

(From 1.90 ppm to 3.80 ppm). 

 

 

 
Figure IV.97. HMBC-NMR Spectrum (600 MHz, CDCl3) of compound 11 
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Figure IV.98. HMBC-NMR Spectrum (600 MHz, CDCl3) of compound 11. 

(From 11.55 ppm to 12.75 ppm). 
 
 

     The HMBC correlations reported in (Fig. IV.98) showed the cross peaks from the 

phenolic OH groups at δH 12.58, 12.03, 12.12 and 11.87 ppm with C-1; C-2 and C-1a, 

with C-8; C-7 and C-8a, with C-1’; C-2’ and C-1’a, and with C-8’; C-7’ and C-8’a, 
respectively. All these data suggested that the four phenolic OH groups should be 

located at C-1, C-8, C-1’ and C-8’, respectively. All these data were suggestive of the 

presence of a glycosyl bianthrone structure [33-31]. 

All the other HMBC correlations for the aromatic region (downfield region) were 

clearly observed in (Fig. IV.99), the same thing for the upfield region where all the 

possible correlations were observed (Fig. IV.100). 
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Figure IV.99. HMBC-NMR Spectrum (600 MHz, CDCl3) of compound 11. 

(From 6.00 ppm to 7.70 ppm). 
 

     

 
Figure IV.100. HMBC-NMR Spectrum (600 MHz, CDCl3) of compound 11. 

(From 0.50 ppm to 4.30 ppm). 
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Figure IV.101. 1H- 1H COSY NMR Spectrum (600 MHz, CDCl3) of compound 11. 

(From 2.50 ppm 4.70 ppm). 
 
 

 
Figure IV.102. IR Spectrum of compound 11. 

 
 

     All the chemical shifts of the NMR 1H, 13C, HSQC and HMBC correlations of 
compound 11 are summarized in the following table (Table IV.18). 
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Table IV.18. 1H, 13C and HMBC NMR data of compound 11 (CDCl3). 
Positions δC (ppm) δH (ppm), mult., J (Hz) HMBC 

1 162.9 - - 

2 125.6 7.27 (s, 1H) C-11, C-1a, C-4, C-1 

3 150.4 - - 

4 131.5 - - 

5 120.5 7.59 (d, 1H, 8.2 Hz) C-10, C-7 

6 137.4 7.60 (t, 1H, 8.2 Hz) C-5a, C-8 

7 124.2 7.24 (d, 1H, 8.2 Hz) C-8a, C-5 

8 162.2 - - 

9 194.5 - - 

10 182.6 - - 

1a 115.0 - - 

4a 131.5 - - 

5a 134.5 - - 

8a 116.3 - - 

1’ 159.3 - - 

2’ 129.6 - - 

3’ 135.4 7.25 (d, 1H, 8.2 Hz) C-4, C-4’a, C-1’ 
4’ 116.2 7.55 (d, 1H, 8.2 Hz) C-10’, C-2’, C-1’a 

5’ 118.5 7.20 (s, 1H) C-11’, C-8’a, C-7’, C-10’ 
6’ 147.9 - - 

7’ 118.3 6.84 (s, 1H) C-11’, C-8’a, C-5’, C-8’ 
8’ 162.7 - - 

9’ 193.4 - - 

10’ 77.3 - - 

1’a 116.3 - - 

4’a 145.7 - - 

5’a 146.7 - - 

8’a 114.2 - - 

1’’ 83.8 3.45 (d, 1H, 9.3 Hz) C-10’, C-4’a, C-5’a, C-3’’ 
2’’ 71.7 3.30 (t, 1H, 9.3 Hz) C-10’, C-1’’, C-3’’ 
3’’ 78.8 3.57 (t, 1H, 9.3 Hz) C-2’’, C-4’’, C-5’’ 
4’’ 
5’’ 

70.7 

81.0 

3.15 (t, 1H, 9.3 Hz) 

3.27 (m, 1H) 

C-3’’, C-5’’, C-6’’ 
C-3’’, C-1’’ 

6’’ 62.9 3.57, 3.77 (m, 1H) C-4’’ 
11 21.9 2.13 (s, 3H) C-3, C-2, C-4 

11’ 22.9 2.47 (s, 3H) C-6’, C-5’, C-7’ 
1-OH - 12.58 (s, 1H) C-1, C-2, C-1a 

8-OH - 12.03 (s, 1H) C-8, C-7, C-8a 

1’-OH - 12.12 (s, 1H) C-1’, C-2’, C-1’a 

8’-OH - 11.87 (s, 1H) C-8’, C-7’, C-8’a 

 

      

   Based on these full spectroscopic studies, the new planar structure of 10'-

oxanthrone-(10'S)-β-glucopyranosyl asphodelin could be attributed to compound 

11. 

This compound was isolated for the first time and never mentioned in litterature 

previosely. 
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IV.5.12. Identification of compound 12. (New compound) 

 

 
 

Figure IV.103. Structure of compound 12. 

 

 

     Compound 12 was obtained as a yellowish amorphous powder. Its HRESI-MS 

analysis (Fig. IV.104) gave an [M-H]- ion at m/z 669.16345 (calculated for C36H29O13, 

669.16081), consistent with the molecular formula C36 H30 O13, indicating 22 degres 

of unsaturation in the structure similar to the previous compound (11)  molecular 

formula. 

 

  The structure was elucidated by NMR analysis including 1H (Fig. IV.105, Fig. 

IV.106, Fig IV.107), HMBC (Fig. IV.111), and HSQC data (Fig. IV.108). Similar to 

the previous compound 11, the 13C-NMR spectrum of compound 12 showed also 36 

carbon resonances, including two methyl groups (δC 21.5 ppm and δC 23.0 ppm), an 

oxymethylene (δC 62.9 ppm), eight aromatic methines, five sp3 oxymethines, 12 

quaternary carbons, four oxygenated sp2 tertiary carbons, three carbonyl carbons (δC 

194.1 ppm, 183.7 ppm, and 192.8 ppm), and one oxygenated sp3 tertiary carbon.  
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Figure IV.104. HRESI-MS spectrum in negative ion mode of compound 12. 

 

 
Figure IV.105. 1H-NMR Spectrum (600 MHz, CDCl3) of compound 12. 

 
 

       The 1H-NMR spectrum showed as the previous compound 11 eight deshielded 

resonances ascribable to eight aromatic protons (Fig. IV.106), and two singlets at δH 

2.13 ppm and δH 2.47 ppm assigned to two aromatic methyl groups (Fig. IV.105). 
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Figure IV.106. 1H-NMR Spectrum (600 MHz , CDCl3) of compound 12. 

(From 6.70 ppm to 7.80 ppm) 

 

 
Figure IV.107. 1H-NMR Spectrum (600 MHz, CDCl3) of compound 12. 

(From 2.90 ppm to 4.30 ppm). 
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   The 1H-NMR spectrum showed also the presence of a hexose unit characterized by 

five oxymethine protons (Fig. IV.107) at δH 3.34 ppm (d, 9.3 Hz), δH 3.30 ppm (t, 9.3 

Hz), δH 3.53 ppm (t, 9.3 Hz), δH 3.15 ppm (t, 9.3 Hz), and δH 3.04 ppm (m) and an 

oxymethylene at δH 3.44 ppm (m) and δH 3.56 ppm (m), coupled to their neighbors in 

this order, as suggested by the COSY experiment (Fig. IV.115). In addition, the 1H-

NMR spectrum showed four highly deshielded singlets at δH 11.72 ppm, 12.03 ppm, 

12.02 ppm, and 12.58 ppm (Fig. IV.105), indicative of four exchangeable hydrogens 

bound to oxygen, and assigned to four phenolic groups ( δC 164.1 ppm, 163.2 ppm, 

159.4 ppm and 163.5 ppm) [31]. 

   The HMBC correlations shown in (Fig. IV.112) was similar to the previous 

compound 11 which indicate the cross-peaks between each phenolic group and their 

respective neighboring carbons, thus permitting their placement at C-1, C-8, C-1’ and 

C-8’. The arrangement of the aromatic protons, as deduced by COSY and HMBC 

correlations (Fig. IV.113), indicated the presence of an ABX spin system at δH 7.52 

ppm (d, 8.1 Hz, H-5), δH 7.56 ppm (t, 8.1 Hz, H-6), and δH 7.23 ppm (d, 8.2 Hz, H-7), 

an AX pattern at δH 7.28 ppm (d, 8.1 Hz, H-3’) and δH 7.55 ppm (d, 8.1 Hz, H-4’), 
two meta-coupled protons at δH 7.17 ppm (s, H-5’) and δH 6.85 (s, H-7’), separated by 

the CH3-11’ methyl group (Fig. IV.113), and an isolated singlet at δH 7.29 ppm (s, H-

2) showing correlation with the methyl protons at δC 21.5 ppm (C-11). Comparison of 

the NMR data of compound 12 with those of reported compounds suggested that it 

was closely related as the previous compound 11 to asphodoside A [31]. 

 
Figure IV.108. HSQC-NMR Spectrum (600 MHz, CDCl3) of compound 12. 
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Figure IV.109. HSQC-NMR Spectrum (600 MHz, CDCl3) of compound 12. 

(From 6.60 ppm to 7.90 ppm). 

 

 

 
Figure IV.110. HSQC-NMR Spectrum (600 MHz, CDCl3) of compound 12. 

(From 2.10 ppm to 3.90 ppm). 
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     A xylopyranosylbianthrone containing a pentose unit linked at C-10’ instead of the 

hexose moiety revealed and deduced by comparison of the ESI-MS and NMR data of 

compound 12. The aromatic singlet at δH 7.29 ppm (H-2) with the biosynthetically 

anticipated methyl signal at δC 21.5 ppm (C-11), as well as the ABX spin system, was 

assigned to the anthraquinone substructure and was supported by the long-range H-C 

correlation patterns (H-5/C-10, H-7/C-8a, H-2/C-1a) (Fig. IV.113).  

The remaining 1H/13C resonances and in particular the AX system (H-3’ and H-4’) 
and the pair of meta-coupled protons, separated by the 11’-methyl group, were 

attributed to the oxanthrone substructure. The correlations between the tertiary 

carbinol at δC 77.9 ppm (C-10’) and H-4’ and H-5’ were diagnostic for this 

assignment. The presence of a β-glucopyranosyl unit in compound 12 was supported 

as with compound 11 by: (i) the presence in the ESIMS data of an ion at m/z = 506, 

due to the loss of a hexosyl unit from [M-H-162]- , and (ii) the multiplicity of the 

sugar signals and the J H-H values were in good agreement with those reported for 

other β-glucopyranosyl moieties. 

Analysis of the long-range C / H correlations established the link between the 

anthraquinone, oxanthrone, and β-glucopyranosyl moieties. In particular, the 

correlation between C-4 (δC 132.5 ppm) and H-3’ (δH 7.28 ppm) defined the linkage 

between the anthraquinone and oxanthrone substructures (C-4/C-2’), while the 

correlation between C-10’ (δC 77.9 ppm) and the anomeric proton provided evidence 

of the location of the sugar moiety as well as the type of glucosidic linkage, as 

supported by the shielded anomeric carbon resonance at δC 83.5 ppm (C-1”). 

    The examination of the HSQC spectrum (Fig. IV.109) recorded in CDCl3 of the 

aromatic region showed similary to the previous compound 11 correlations giving 

more details about the assignment of this compound structure identified as follow: 

 The proton H-4’ showed a correlation with the carbon C-4’ at δC 116.0 ppm. 

 The proton H-6 showed a correlation with the carbon C-6 at δC 137.1 ppm. 

 The proton H-5 showed a correlation with the carbon C-5 at δC 120.0 ppm. 

 The proton H-2 showed a correlation with the carbon C-2 at δC 125.6 ppm. 

 The proton H-3’ showed a correlation with the carbon C-3’ at δC 135.9 ppm. 

 The proton H-7 showed a correlation with the carbon C-7 at δC 124.1 ppm. 

 The proton H-5’ showed a correlation with the carbon C-5’ at δC 119.3 ppm. 

 The proton H-7’ showed a correlation with the carbon C-7’ at δC 118.5 ppm. 

 

For the osidic region, the HSQC spectrum (Fig. IV.110) showed also other 

correlations identified as follow: 

 Both H-6’’a, H-6“b showed correlation with the carbon C-6’’ at δC 62.9 ppm. 

 The proton H-3” showed a correlation with the carbon C-3” at δC 78.7 ppm. 

 The proton H-1” showed a correlation with the carbon C-1” at δC 83.5 ppm. 

 The proton H-2” showed a correlation with the carbon C-2” at δC 71.4 ppm. 

 The proton H-4” showed a correlation with the carbon C-4” at δC 70.5 ppm. 

 The proton H-5” showed a correlation with the carbon C-5” at δC 79.4 ppm. 
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 The two methyl groups protons at 11’-CH3 and 11-CH3 showed correlation 

with the carbons at δC 23.0 ppm and δC 21.5 ppm, respectively. 

 

 
Figure IV.111. HMBC-NMR Spectrum (600 MHz, CDCl3) of compound 12. 

 

 

 

 
Figure IV.112. HMBC-NMR Spectrum (600 MHz, CDCl3) of compound 12. 

(From 11.75 ppm to 12.70 ppm). 
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Figure IV.113. HMBC-NMR Spectrum (600 MHz, CDCl3) of compound 12. 

(From 6.75 ppm to 7.70 ppm). 
 
 

 
Figure IV.114. HMBC-NMR Spectrum (600 MHz, CDCl3) of compound 12. 

(From 1.80 ppm 4.00 ppm). 
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Figure IV.115. 1H-1H COSY NMR Spectrum (600 MHz, CDCl3) of compound 12. 

(From 2.50 ppm 4.70 ppm). 
 
 

     All the chemical shifts of the NMR 1H, 13C, HSQC and HMBC correlations of 
compound 12 are summarized in the following table (Table IV.19). 
 

Table IV.19. 1H, 13C and HMBC NMR data of compound 12 (CDCl3). 
Positions δC (ppm) δH (ppm), mult., J (Hz) HMBC 

1 164.1 - - 

2 125.6 7.29 (s, 1H) C-11, C-1a, C-4, C-1 

3 151.2 - - 

4 132.5 - - 

5 120.0 7.52 (d, 1H, 8.1 Hz) C-8a, C-7, C-10 

6 137.1 7.56 (t, 1H, 8.1 Hz) C-5a, C-8 

7 124.1 7.23 (d, 1H, 8.1 Hz) C-8a, C-5 

8 163.2 - - 

9 194.1 - - 

10 183.7 - - 

1a 116.1 - - 

4a 132.5 - - 

5a 135.5 - - 

8a 116.8 - - 

1’ 159.4 - - 

2’ 130.9 - - 

3’ 135.9 7.28 (d, 1H, 8.1 Hz) C-4, C-4’a, C-1’ 
4’ 116.0 7.55 (d, 1H, 8.1 Hz) C-10’, C-1’a, C-2’ 
5’ 118.3 7.17 (s, 1H) C-11’, C-10’, C-8’a,  
6’ 148.9 - - 
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7’ 118.5 6.85 (s, 1H) C-11’, C-8’a, C-5’, C-8’ 
8’ 163.5 - - 

9’ 192.8 - - 

10’ 77.9 - - 

1’a 117.2 - - 

4’a 146.8 - - 

5’a 144.4 - - 

8’a 115.3 - - 

1’’ 83.5 3.34 (d, 1H, 9.3 Hz) C-10’, C-3’’, C-5’a, C-4’a 

2’’ 71.4 3.30 (t, 1H, 9.3 Hz) C-4’’, C-10’, C-1’’ 
3’’ 78.7 3.53 (t, 1H, 9.3 Hz)  

4’’ 70.5 3.15 (t, 1H, 9.3 Hz) C-6’’, C-2’’ 
5’’ 79.4 3.04 (m, 1H) C-3’’, C-1’’ 
6’’ 62.9 3.44, 3.56 (m, 1H)  

11 21.5 2.13 (s, 3H) C-2, C-4, C-3 

11’ 23.0 2.47 (s, 3H) C-5’, C-7’, C-6’ 
1-OH - 12.58 (s, 1H) C-1a, C-2, C-1 

8-OH - 12.03 (s, 1H) C-8a, C-7, C-8 

1’-OH - 12.02 (s, 1H) C-1’a, C-2’, C-1’ 
8’-OH - 11.72 (s, 1H) C-8’a, C-7’, C-8’ 

 
 

      Based on these full spectroscopic studies, the new planar structure of 10'-

oxanthrone-(10'S)-β-glucopyranosyl asphodelin could be attributed to compound 

12. 

 

     After a careful examination of all the 1D data and 2D NMR correlations, we can 

find and confirm the same planar structure for both compounds 11 and 12. 

 

 
 

 

     After the determination of the planar structure of these two metabolites and 

assuming the presence of D-glucose, to establish the correct stereo-assignment of both 

compounds 11 and 12, two main issues were considered: the possible atropisomerism 

around the biaryl axis and the different configuration at C-10’ (11a, 11b, 12a and 

12b).  
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   Firstly, an extensive conformational search related to all the possible 

diastereoisomers of compounds 11 and 12 (11a, 11b, 12a and 12b, (Fig. IV.116)), 

required for the subsequent phases of computation of the ECD spectra and NMR 

parameters, was performed at the empirical level (Molecular Mechanics, MM), 

combining Monte Carlo Molecular Mechanics (MCMM), Low-Mode Conformational 

Sampling (LMCS), and Molecular Dynamics (MD) simulations. 

In addition, to corroborate the hypothesized atropisomerism due to the hindered 

rotation along the disubstituted biaryl axis [34-35], the molecular mechanics (MM) 

sampled conformers of the possible atropisomers for each diastereoisomer were 

subsequently submitted to geometry and energy optimization steps at MPW1PW91/6-

31G(d) density functional level of theory (DFT). After the optimization of the 

geometries, the conformers were visually inspected in order to avoid further possible 

redundant conformers. DFT calculations were employed for predicting the rotational 

energy barrier related to the interconversion between the atropisomers, specifically 

considering the configuration at C-10’R as a representative system for the investigated 

compounds. 

In more details, this parameter was calculated for the M, 10’R (11b) and P, 10’R 

(12b) atropisomers, obtaining ΔG⧧ = 24.0 kcal/mol and ΔG⧧ = 21.53 kcal/mol, 

referred to difference between the most stable conformers of 11b and 12b and the 

related energy of the transition state, respectively. In particular, the high rotational 

barrier calculated for 11b (ΔG⧧ = 24.0 kcal/mol) indicated the hindered rotation about 

the biaryl bond [33], corroborating the presence of atropisomerism and the related 

hindered interconversion.  

In the second phase, we compared the calculated and experimental ECD spectra to 

predict the atropisomeric forms of compounds 11 and 12. Starting from the selected 

conformers related to diastereoisomers (11a, 11b, 12a and 12b, (Fig. IV.116)), 

featuring both the configurations R and S at the stereogenic center (C-10’) and at the 
biaryl axis (M / P atropisomeric forms), we have calculated the TDDFT-predicted 

curves (MPW1PW91/6-31G (d, p) functional/basis set) in EtOH IEFPCM to 

reproduce the effect of the solvent [36]. 

Interestingly, the comparison of the two experimental ECD curves of compounds 11 

and 12 (Fig. IV.117) with the ECD calculated curves, showed that the atropisomeric 

forms M (11a and 11b) are similar to ECD of compound 11 while the atropisomeric 

forms P (12a and 12b) are superimposable to experimental ECD of compound 12, 

regardless the relative configuration at C-10’ 
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Figure IV.116. Proposed stereo-assignment of compounds 11 and 12. 

 

   Therefore, these results suggest that the Cotton effects are not influenced by the 

three dimensional arrangement at C-10’, further supporting the hindered rotation on 
the biaryl bond. These results highlighted a first important result in the stereo-

assignment process: the real structure of compound 11 was restricted among those of 

11a and 11b and, consistently, compound 12 will correspond to 12a or 12b. 

Consequently, in order to propose the configuration assignment at C-10,’ we have 

applied a DFT/NMR approach which have been successfully used in the 

characterization of unknown stereostructures by us [37-38] and by other research 

groups [39]. 

In (Fig. IV.117), we reported the region of interest (350 to 500 nm) as reported for 

other known similar C- glucosyl anthraquinones [31-32-40].  

 

The results highlighted the better accordance with the experimental data of 11a (13C 

MAE= 2.78 ppm) versus 11b (13C MAE= 4.95 ppm), and of 12a (13C MAE= 2.13 

ppm) versus 12b (13C MAE= 4.49 ppm), suggesting the absolute configuration S at 

11a (M, 10’S) 11b (M, 10’R) 

12a (P, 10’S) 12b (P, 10’R) 
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position 10’ for both the atropisomers. Accordingly, we confirm the structure of 

compounds 11 as (M,10’ S)-1’,4,5,8’,10’-Pentahydroxy-2,6’-dimethyl-10’-β-gluco-

pyranosyl-[1,2’-bianthracene]-9,9’,10(10’H)-trione and compound 12 as (P,10’ S)-

1’,4,5,8’,10’-Pentahydroxy-2,6’-dimethyl-10’-β-gluco-pyranosyl-[1,2’-
anthracene]-9,9’,10(10’H)-trione as shown in (Fig. IV.118). 

 

 
Figure IV.117. Comparison of the experimental ECD spectra of compounds 11 and 

12 with the TDDFT-predicted curves of compounds 11a, 11b, 12a and 12b. 
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Figure IV.118. Final Structures of compounds 11 and 12. 

 

 

IV.5.13. Identification of compound 13 

 
 

 
Figure IV.119. Structure of compound 13. 

 

 

   Compound 13 was obtained as a yellowish amorphous powder. The ESI-MS (Fig. 

IV.120) gave an [M-H]- ion at m/z = 639.1 consistent with the molecular formula of 

C35H28O12 indicating 22 degrees of unsaturation. 

   The 1H-NMR spectrum (Fig. IV.121) showed four highly deshielded singlets at δH 

12.52 ppm, 11.98 ppm, 12.10 ppm and δH 11.89 ppm indicative of exchangeable 

hydrogens bond to oxygen, assigned later, in particular to four phenolic OH groups 

(δC 161.7 ppm, 162.2 ppm, 158.4 ppm and 162.1 ppm). 
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Figure IV.120. ESI-MS spectrum in negative ion mode of compound 13. 

 

     

 
Figure IV.121. 1H-NMR Spectrum (400 MHz, CD3COCD3) of compound 13. 
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Figure IV.122. 1H-NMR Spectrum (400 MHz, CD3COCD3) of compound 13. 

(From 6.50 ppm to 8.00 ppm). 

 

 

 
Figure IV.123. 1H-NMR Spectrum (400 MHz, CD3COCD3) of compound 13. 

(From 1.70 ppm to 4.20 ppm). 
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   The 13C (Fig. IV.124) and HSQC (Fig. IV.125) NMR spectrums displayed 35 

carbon signals, including two methyl groups at δC 20.4 ppm (C-11) and δC 21.6 ppm 

(C-11’) as well as three carbonyl carbons at δC 194.5 ppm, 182.6 ppm and 193.4 ppm; 

these data supported the interpretation that this compound was an anthraquinone-

oxoanthrone derivative [33]. Its anthraquinone structure showed a singlet at δH 7.31 

ppm (s, H-2), with the biogenetically expected methyl signal at δC 20.4 ppm (C-11). 

In addition, an ABX spin system was observed for three aromatic protons of the 

chrysophanol moiety which resonated at δH 7.63 ppm (1H, d, J = 7.9 Hz, H-5), δH 

7.76 ppm (1H, t, J = 7.9 Hz, H-6) and δH 7.34 ppm (1H, d, J = 7.9 Hz, H-7), leaving 

C-4 at δC 131.8 ppm as the point of attachment to the oxoanthrone structure. 

The 1H-NMR spectroscopic pattern of the other half of the molecule showed a 

chrysophanol moiety, where the ABX pattern was replaced by a pair of deshielded 

ortho-coupled protons [33] with an AX pattern at δH 7.55 ppm (1H, d, J = 7.4 Hz, H-

3’) and δH 7.60 ppm (1H, d, J = 7.8 Hz, H-4’), respectively. 
 

 
Figure IV.124. 13C-NMR Spectrum (400 MHz, CD3COCD3) of compound 13. 

 

     The examination of the HSQC spectrum (Fig. IV.126 and Fig. IV.127) recorded in 

CD3COCD3 of the aromatic region showed correlations giving more details about the 

assignment of this compound structure identified as follow: 

 The proton H-6 showed a correlation with the carbon C-6’ at δC 135.6 ppm. 

 The proton H-4’ showed a correlation with the carbon C-4’ at δC 116.7 ppm. 

 The proton H-3’ showed a correlation with the carbon C-3’ at δC 120.0 ppm. 

 The proton H-5’ showed a correlation with the carbon C-5’ at δC 119.3 ppm. 

 The proton H-5 showed a correlation with the carbon C-5 at δC 137.2 ppm. 

 The proton H-2 showed a correlation with the carbon C-2 at δC 123.8 ppm. 

 The proton H-7 showed a correlation with the carbon C-7 at δC 123.8 ppm. 

 The proton H-7’ showed a correlation with the carbon C-7’ at δC 117.2 ppm. 
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Figure IV.125. HSQC-NMR Spectrum (400 MHz, CD3COCD3) of compound 13. 

 

   For the upfield region, the HSQC spectrum showed also correlations identified as 

follow: 

 Both H-5’’a, H-5“b showed correlation with the carbon C-5’’ at δC 70.3 ppm. 

 The proton H-3” showed a correlation with the carbon C-3” at δC 79.1 ppm. 

 The proton H-1” showed a correlation with the carbon C-1” at δC 84.8 ppm. 

 The proton H-2” showed a correlation with the carbon C-2” at δC 72.1 ppm. 

 The proton H-4” showed a correlation with the carbon C-4” at δC 70.1 ppm. 

 

 
Figure IV.126. HSQC-NMR Spectrum (400 MHz, CD3COCD3) of compound 13. 

(From 6.60 ppm to 8.10 ppm). 
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Figure IV.127. HSQC-NMR Spectrum (400 MHz, CD3COCD3) of compound 13. 

(From 1.80 ppm to 3.90 ppm). 

 

     The entire chemical shifts of the NMR 1H, 13C, HSQC and HMBC correlations of 

compound 13 are summarized in the following table (Table IV.20). 

 

Table IV.20. 1H, 13C and HMBC NMR data of compound 13 (CD3COCD3). 
Positions δC (ppm) δH (ppm), mult., J (Hz) HMBC 

1 161.7 - - 

2 123.8 7.31 (s, 1H) C-11, C-1a, C-4, C-1 

3 150.5 - - 

4 131.8 - - 

5 137.2 7.63 (d, 1H, 7.9 Hz) C-10, C-7 

6 135.6 7.76 (t, 1H, 7.9 Hz) C-5a, C-8 

7 123.8 7.34 (d, 1H, 7.9 Hz) C-8a, C-5 

8 162.2 - - 

9 194.5 - - 

10 182.6 - - 

1a 115.5 - - 

4a 131.5 - - 

5a 134.6 - - 

8a 116.0 - - 

1’ 158.4 - - 

2’ 128.4 - - 

3’ 120.0 7.55 (d, 1H, 7.4 Hz) C-4, C-4’a, C-1’ 
4’ 116.7 7.60 (d, 1H, 7.8 Hz) C-10’, C-2’, C-1’a 

5’ 119.3 7.35 (d, 1H, 1.8 Hz) C-11’, C-8’a, C-7’, C-10’ 
6’ 147.1 - - 

7’ 117.2 6.80 (s, 1H) C-11’, C-8’a, C-5’ 
8’ 162.1 - - 
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9’ 193.4 - - 

10’ 75.7 - - 

1’a 116.0 - - 

4’a 145.8 - - 

5’a 146.7 - - 

8’a 114.2 - - 

1’’ 84.8 3.31 (d, 1H, 8.5 Hz) C-10’, C-4’a, C-5’a, C-3’’ 
2’’ 72.1 3.30 (m, 1H) C-10’, C-1’’, C-3’’ 
3’’ 79.1 3.41 (t, 1H, 8.2 Hz) C-2’’, C-4’’, C-5’’ 
4’’ 70.1 3.17 (t, 1H, 9.3 Hz) C-3’’, C-5’’, C-6’’ 

5’’a 70.3 3.74 (m, 1H) C-3’’, C-1’’ 
5’’b 70.3 2.99 (t, 1H, 10.8 Hz)  

11 20.4 2.11 (s, 3H) C-3, C-2, C-4 

11’ 21.6 2.47 (s, 3H) C-6’, C-5’, C-7’ 
1-OH - 12.52 (s, 1H)  

8-OH - 11.98 (s, 1H)  

1’-OH - 12.10 (s, 1H) C-1’, C-2’, C-1’a 

8’-OH - 11.89 (s, 1H) C-8’, C-7’, C-8’a 

 

     This indicated that the point of attachment in this molecule is at C-2’ (δC 128.4 

ppm). In the 1H-NMR spectrum, the anomeric proton appeared at δH 3.31 ppm (1H, d, 

J =8.52 Hz, H-1”) suggesting a β configuration [32]. The upfield shift of the anomeric 
carbon resonancel at δC 84.8 ppm (C-1”) in the 13C-NMR spectrum (Table IV.15) and 

the HMBC correlations from H-13 to C-10’ provided evidence that the sugar moiety 
was connected to the aglycone at C-10” to form an oxanthrone C-glycoside. 

 

     The HMBC spectrum  exhibited cross-peaks from: H-2 to C-4 (δC 131.8 ppm),  C-

1a (δC 115.5 ppm), C-1 (δC 161.7 ppm) and C-11 (δC 20.4 ppm); from the methyl 

protons to C-2 (δC 123.8 ppm), C-3 (δC 150.5 ppm) and C-4 (δC 131.8 ppm); from H-5 

to C-7 (δC 123.8 ppm), C-8a (δC 116.0 ppm) and C-10 (δC 182.6 ppm); from H-6 to C-

5a (δC 134.6 ppm) and C-8 (δC 162.2 ppm); from H-7 to C-5 (δC 137.2 ppm) and C-8a 

(δC 116.0 ppm); from H-3’ to C-1’ (δC 158.4 ppm) , C-4’a (δC 145.8 ppm) and C-4, 

(δC 131.8 ppm) confirming the point of attachment, from H-5’ to C-7’ (δC 117.2 ppm) 

, C-8’a (δC 114.2 ppm), C-10’ (δC 75.7 ppm) and from the C-11’ methyl protons to C-

5’ (δC 119.3 ppm) , C-6’ (δC 147.1 ppm) and C-7’ (δC 117.2 ppm), respectively. 

  

     To determine the absolute configuration of the stereogenic center at C-10’, its ECD 
spectrum was measured and compared to calculated values for the R enantiomer. The 

experimental ECD spectrum showed a positive Cotton effect at 422 nm and a negative 

Cotton effect at 391 nm (Fig. IV.128). The CAM-B3LYP simulated ECD spectrum 

[41], generated from 40 excited states using Gaussian band shapes for the peaks, had 

peaks at 391 and 422 nm, similar to the experimental data. The calculated ECD of the 

R enantiomer showed excellent agreement with the experimental data. Therefore, 

structure of compound 13 is Asphodelin-10’-oxanthrone-(10’R)-β-D-

xylopyranoside. These spectral data were in good agreement with the reported 

literatures [31]. 
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Figure IV.128. Experimental (Green for compound 13) spectrum compared to the 

calculated (black) ECD spectrum of compound 13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV.5.14. Identification of compound 14 

 

 
 

Figure IV.129. Structure of compound 14 
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   Compound 14 was obtained as a yellowish amorphous powder. It’s ESI-MS (Fig. 

IV.124) gave an [M-H]- ion at m/z = 639.0, consistent with the molecular formula of 

C35H28O12. 

 

 
Figure IV.130. ESI-MS spectrum in negative ion mode of compound 14. 

 

   The 1H-NMR spectrum (Fig. IV.131) showed two chelated phenolic proton signals 

at δH 11.91ppm, 12.18 ppm, 12.04 ppm and 12.59 ppm attributed to OH-8’, OH-1’, 
OH-8 and OH-1 respectively [42]. The 1H-NMR spectrum showed one-half of the 

molecule; one signal at δH 7.29 ppm (1H, s, H-2), with the C-3 attached methyl δC 

22.1 ppm (3H, s), indicating C-4 is the site of attachment to the other half of the 

molecule. In addition, an ABX spin system was observed for three aromatic protons 

which resonated at δH 7.51 ppm (1H, d, J = 8.2 Hz, H-5), δH 7.57 ppm (1H, t, J = 8.2 

Hz, H-6), and δH 7.23 ppm (1H, d, J = 6.1 Hz, H-7) of the chrysophanol moiety. 
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Figure IV.131.  1H-NMR Spectrum (400 MHz, CD3COCD3) of compound 14. 

 

      

 
Figure IV.132. 

1H-NMR Spectrum (400 MHz, CD3COCD3) of compound 14. 

(From 6.70 ppm to 7.90 ppm). 
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     The 1H-NMR spectral data of the other half of the molecule showed that, it’s a 

chrysophanol oxanthrone moiety, and the ABX pattern in the chrysophanol was 

replaced by a pair of deshielded ortho-coupled protons with AX spin system at δH 

7.28 ppm (1H, d, J = 8.2 Hz, H-3ꞌ) and δ 7.53 ppm (1H, d, J = 7.8 Hz, H-4’). This 
indicated that C-2’ (δ 129.5 ppm) was the point of attachment in this half. In the 1H 

NMR spectrum the anomeric proton appeared at δH 3.28 ppm (1H, d, H-1ꞌꞌ, J =9.3 Hz) 

indicating the -β- configuration of the anomeric proton at C-1”.  
The 13C-NMR, HSQC and HMBC spectr of compound 14 displayed 35 carbon 

signals, 5 signals were assigned to the sugar moiety and 30 signals were assigned to 

the aglycone including two methyl groups at δC 22.1 ppm (CH3-11) and δC 24.0 ppm 

(CH3-11') as well as three carbonyl carbons at δC 194.0 ppm (C-9), δC 182.4 ppm (C-

10) and δC 191.76 ppm (C-9'), supported that the compound was a dimeric derivative. 

 

 
Figure IV.133. 1H-NMR Spectrum (400 MHz, CDCl3) of compound 14. 

 

The examination of the HSQC spectrum (Fig. IV.136) recorded in CDCl3 of the 

aromatic region showed correlations spots giving more details about the assignment 

of this compound structure identified as follows: 

 The proton H-6’ showed a correlation with the carbon C-6’ at δC 147.4 ppm. 

 The proton H-4’ showed a correlation with the carbon C-4’ at δC 116.9 ppm. 

 The proton H-3’ showed a correlation with the carbon C-3’ at δC 136.1 ppm. 

 The proton H-5’ showed a correlation with the carbon C-5’ at δC 119.0 ppm. 

 The proton H-5 showed a correlation with the carbon C-5 at δC 120.5 ppm. 

 The proton H-2 showed a correlation with the carbon C-2 at δC 126.1 ppm. 

 The proton H-7 showed a correlation with the carbon C-7 at δC 124.6 ppm. 

 The proton H-7’ showed a correlation with the carbon C-7’ at δC 118.9 ppm. 
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Figure IV.134. 1H-NMR Spectrum (400 MHz, CDCl3) of compound 14. 

(From 2.10 ppm to 3.90 ppm). 

 

 

 
Figure IV.135. HSQC-NMR Spectrum (400 MHz, CDCl3) of compound 14. 
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        For the upfield region, the HSQC spectrum showed also correlations identified as 

follow: 

 Both H-5’’a, H-5“b showed correlation with the carbon C-5’’ at δC 70.1 ppm. 

 The proton H-3” showed a correlation with the carbon C-3” at δC 79.3 ppm. 

 The proton H-1” showed a correlation with the carbon C-1” at δC 85.9 ppm. 

 The proton H-2” showed a correlation with the carbon C-2” at δC 71.1 ppm. 

 The proton H-4” showed a correlation with the carbon C-4” at δC 79.8 ppm. 

 

 
Figure IV.136. HSQC-NMR Spectrum (400 MHz, CDCl3) of compound 14. 

 

     The HMBC spectrum (Fig. IV.139) showed a cross-peak between H-3' and C-4, 

confirming the point of attachment of chrysophanol moiety to chrysophanol 

oxanthrone moiety was C-2 and C-4`, respectively. The linked site of the sugar unit to 

C-10’ position was determined by the HMBC experiment (Fig. IV.138) where a 

correlation was observed between arabinose H-1” (δH 3.28 ppm) and C-10’ (δC 78.3 

ppm) of the aglycone.  

The HMBC spectrum exhibited also cross-peaks from: H-2 to C-4 (δC 131.3 ppm), C-

1a (δC 114.9 ppm), C-1 (δC 162.8 ppm) and C-11 (δC 22.1 ppm); from the methyl 

protons to C-2 (δC 126.1 ppm), C-3 (δC 150.0 ppm) and C-4 (δC 131.3 ppm); from H-5 

to C-7 (δC 124.6 ppm), C-8a (δC 116.0 ppm) and C-10 (δC 182.4 ppm); from H-6 to C-

5a (δC 134.5 ppm) and C-8 (δC 162.0 ppm); from H-7 to C-5 (δC 120.5 ppm) and C-8a 

(δC 116.0 ppm); from H-3’ to C-1’ (δC 162.2 ppm) , C-4’a (δC 143.3 ppm) and C-4, 

(δC 131.3 ppm) confirming the point of attachment, from H-5’ to C-7’ (δC 118.9 ppm), 

C-8’a (δC 114.2 ppm), C-10’ (δC 78.3 ppm) and from the C-11’ methyl protons to C-

5’ (δC 119.0 ppm) , C-6’ (δC 147.4 ppm) and C-7’ (δC 118.9 ppm), respectively. 
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Figure IV.137. HMBC-NMR Spectrum (400 MHz, CDCl3) of compound 14. 

(From 11.40 ppm to 12.70 ppm). 
 
 

 
Figure IV.138. HMBC-NMR Spectrum (400 MHz, CDCl3) of compound 14. 

(From 1.30 ppm to 4.60 ppm). 
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Figure IV.139. HMBC-NMR Spectrum (400 MHz, CDCl3) of compound 14. 

(From 4.80 ppm to 7.90 ppm). 
 
 

     All the chemical shifts of the NMR 1H, 13C, HSQC and HMBC correlations of 

compound 14 are summarized in the following table (Table IV.21). 

 

Table IV.21. 1H, 13C and HMBC NMR data of compound 14 (CDCl3). 
Positions δC (ppm) δH (ppm), M., J (Hz) HMBC 

1 162.8 - - 

2 126.1 7.29 (s, 1H) C-11, C-1a, C-4, C-1 

3 150.0 - - 

4 131.3 - - 

5 120.5 7.51 (d, 1H, 8.2) C-10, C-7 

6 138.0 7.57 (t, 1H, 8.2) C-8 

7 124.6 7.23 (d, 1H, 6.1) C-8a, C-5 

8 162.0 - - 

9 194.0 - - 

10 182.4 - - 

1a 114.9 - - 

4a 131.5 - - 

5a 134.5 - - 

8a 116.0 - - 

1’ 162.2 - - 

2’ 129.5 - - 

3’ 136.1 7.28 (d, 1H, 8.2) C-4, C-4’a, C-1’ 
4’ 116.9 7.53 (d, 1H, 7.8) C-10’, C-2’, C-1’a 

5’ 119.0 7.17 (s, 1H) C-11’, C-8’a, C-7’, C-10’ 
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6’ 147.4 - - 

7’ 118.9 6.84 (s, 1H) C-11’, C-8’a, C-5’, C-8’ 
8’ 162.2 - - 

9’ 193.1 - - 

10’ 78.3 - - 

1’a 115.9 - - 

4’a 143.3 - - 

5’a 146.0 - - 

8’a 114.2 - - 

1’’ 85.9 3.28 (d, 1H, 9.3 Hz) C-10’, C-4’a, C-5’a 

2’’ 71.1 3.35 (m, 1H, 9.0 Hz) C-10’, C-1’’ 
3’’ 79.9 3.47 (m, 1H, 8.6 Hz) C-1’’, C-5’’ 
4’’ 79.8 3.37 (d, 1H, 9.3 Hz) C-2’’ 

5’’a 70.1 2.88 (m, 1H) C-3’’, C-1’’ 
5’’b 70.1 3.75 (m, 1H) C-3’’, C-1’’ 

1 22.1 2.16 (s, 3H) C-3, C-2, C-4 

11’ 24.0 2.46 (s, 3H) C-6’, C-5’, C-7’ 
1-OH - 12.59 (s, 1H) C-1, C-2, C-1a 

8-OH - 12.04 (s, 1H) C-8, C-7, C-8a 

1’-OH - 12.18 (s, 1H) C-1’, C-2’, C-1’a 

8’-OH - 11.91 (s, 1H) C-8’, C-7’, C-8’a 

 

    The 1H, 13C, HSQC and HMBC NMR spectroscopic data of compounds 14 and 13 

were similar (Table IV.20 and IV.21), but gave an opposite CD spectra suggesting a 

difference in configuration at C-10’. The CD spectrum of compound 14 (Fig. IV. 140) 

showed a Cotton effect opposite to that of compound 13. 

 

 
Figure IV.140. Experimental (Blue for compound 13 and Pink for compound 14) 

spectrum compared to the calculated (black) ECD spectrum of compound 13. 
 

    Accordingly compound 14 was assigned as asphodelin-10’-oxanthrone-(10’S)-β-

D-xylopyranoside. 
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V.1. Antioxidant activities 

    Plants and their products are rich sources of phytochemicals, they possess a variety 

of biological activities including antioxidant potential. Natural antioxidants are in 

high demand for applications, such as nutraceuticals, bio-pharmaceuticals, as well as 

food additive because of consumer preference [1]. In order to protect foods and 

human beings against oxidative damage caused by free radicals, synthetic 

antioxidants such as butylated hydroxyanisole (BHA), butylated hydroxytoluene 

(BHT), tertiary-butylhydroquinone (TBHQ) are used [2-3-4]. However, many 

researchers reported the adverse effects of synthetic antioxidants such as toxicity, 

carcinogenicity and potential health hazards. Therefore, naturally occurring nutritive 

and non-nutritive antioxidants have recently become a major area of scientific 

research due to safety and limitation of synthetic antioxidant usage [5-6]. Plants, 

including herbs and spices have many phytochemicals which are potential sources of 

natural antioxidants, like, phenolic diterpenes, flavonoids, tannins and phenolic acids. 

Many studies have reported that extracts from natural products such as fruits, 

vegetables and medicinal herbs, have positive effects against cancer, the intake of 

plant flavonoids has been shown to be inversely related to the risk of cardiovascular 

disease [7-8]. 

     Several antioxidant methods have been proposed to evaluate the antioxidant 

characteristics and to explain antioxidants mechanisms and actions. Of these, free 

synthetic radical scavenging like DPPH- and β-Carotene bleaching test are most 

commonly used for the evaluation of the total antioxidant behavior of the different 

extracts [9-10]. Numerous studies have demonstrated that the antioxidant activity 

measured depends substantially on the test system used [11-12] and recommended to 

base any conclusions on at least two different test systems [13]. 

 

V.1.1. DPPH radical scavenging assay 

    This is the simplest and most widely reported method for screening antioxidant 

activity in foods and many plant drugs [14-15]. 

DPPH (2, 2-diphenyl-1-picryl-hydrazyl-hydrate) free radical method is an antioxidant 

assay based on electron-transfer that produces a violet solution in ethanol [16]. This 

free radical, stable at room temperature, is reduced in the presence of an antioxidant 

molecule, giving rise to colorless ethanol solution. The use of the DPPH assay 

provides an easy and rapid way to evaluate antioxidants by spectrophotometry [17], 

so it can be useful to assess various products at a time. DPPH is very popular for the 

study of natural antioxidants [18]. 
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Figure V.1. Structure of DPPH- radical and its reduction by an antioxidant  
(AO-H). (Adapted from [19]). 

 
 

     The effect of the various tested extracts of A. tenuifolius on DPPH- degradation 

was estimated according to the method described by Hanato et al., 1988 [18]  and 

Espin et al., 2000 [20] with small modifications. The different dried plant extracts 
were diluted in pure methanol at different concentrations, and then 2 ml were added to 

0.5 ml of a 0.2 mM DPPH- methanolic solution. The mixture was shaken vigorously 

and left standing at room temperature for 30 min. The absorbance of the resulting 

solution was then measured at 517 nm measured after 30 min. The antiradical activity 

(three replicates per treatment) was expressed as IC50 (µg.ml-1), the antiradical dose 

required to cause a 50% inhibition. A lower IC50 value corresponds to a higher 

antioxidant activity [21]. 

The ability to scavenge the DPPH- radical was calculated using the following 

equation:                

                       DPPH scavenging effect (%) = [(A0 – A1) x 100] / A0 

 

Where A0 is the absorbance of the control at 30 min, and A1 is the absorbance of the 

sample at 30 min. 

 

V.1.1.1. Results & Discussion 

  The antioxidant activity of the different extracts of A. tenuifolius was evaluated 

firstly by the capacity to eliminate free radical DPPH. This parameter is significant for 

the evaluation of the therapeutic value of the plant. Free radical-scavenging activities 

of these different extracts were measured in DPPH assay and the reaction followed a 

concentration-dependent pattern. There were three concentrations in each of the 

extracts and four for the crude extract. Free radical scavenging increases with 

increasing of all extracts concentrations (Fig. V.2). The radical scavenging ability of 

A. tenuifolius extracts was measured spectrophotometrically. The Inhibition 

Percentages (IP %) of DPPH scavenging capacity are presented in (Table V.1.). 
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Table V.1. Antioxidant activity (%) of the various extracts of A. Tenuifolius measured 
by the scavenging of DPPH radicals. * Values are expressed as mean ± SD 

AcOEt Extract     

Control A0  0,387      

 R1 R2 R3 Average DPPH scavenging 

activity (%) 
IC50 + SD (ug.ml-1) 

50 0,342 0,349 0,350 0,347 10,335  

92 ± 4.05 * 100 0,170 0,168 0,169 0,169 56,330 

150 0,093 0,090 0,080 0,087 77,347 

Chloroform Extract     

Control A0  0,387      

 R1 R2 R3 Average DPPH scavenging 

activity (%) 
IC50 + SD (ug.ml

-1
) 

0,5 0,348 0,346 0,330 0,341 11,800  

25 ± 4.36 * 10 0,292 0,292 0,291 0,291 24,633 

50 0,021 0,025 0,026 0,024 93,798 

Butanol Extract      

Control A0  0,387      

 R1 R2 R3 Average DPPH scavenging 

activity (%) 
IC50 + SD (ug.ml-1) 

 

0,5 0,350 0,347 0,348 0,348 9,991  

45 ± 2.88 * 10 0,335 0,338 0,331 0,334 13,522 

50 0,178 0,173 0,171 0,174 55,038 

Crude Extract      

Control A0  0,387      

 R1 R2 R3 Average DPPH scavenging 

activity (%) 
IC50 + SD (ug.ml-1) 

 

0,5 0,344 0,348 0,346 0,346 10,594  

55 ± 4.15 * 5 0,335 0,330 0,34 0,335 13,436 

50 0,212 0,205 0,200 0,205 46,856 

100 0,102 0,095 0,100 0,099 74,418 

BHT      73.10 ± 1.70 [22] 

         

   On the basis of these results, we can conclude that employing the DPPH technique, 

the different extracts showed a various antioxidant activity with an IC50 value ranged 

from 25 to 92 µg/ml. BHT used as positive control exhibited an antioxidative effect 

(IC50 = 73.10 µg. ml−1) [22]. A higher DPPH radical scavenging activity is associated 

with a lower IC50 value. 
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Figure V.2. Scavenging effect of different extracts of A. tenuifolius on  
DPPH radical (%) versus concentration (μg/ml). 

      

     All the extracts showed an antiradical activity by inhibiting DPPH radical in a 

concentration-dependent manner. The free radical scavenging activity of the 

Chloroform extract was higher than Butanol, crude extract and Ethyl acetate extracts 

at all concentrations with a lowest IC50 value at 25 ± 4.36. The Ethyl acetate extract 

exhibited a poor activity with an IC50 value at 92 ± 4.05. The Chloroform extract 

showed an inhibition of 93.798% at a concentration of 0.05 mg. ml-1.  

The IC50 value of Ethyl acetate extract (92 ± 4.05 mg / ml) was higher than those of 

crude extract (55 ± 4.15 µg. ml−1) and of the Butanol extract (45 ± 2.88 µg. ml−1). It 

was evident that the extracts show the hydrogen donating ability to act as 

antioxidants. 

The order of antioxidant activity of different extracts of A. tenuifolius based on DPPH 

method was: Ethyl acetate extract < BTH < Crude extract < Butanol extract < 

Chloroform extract.This difference is strongly related to the phenolic content and also 

to the type of the active compound present in each variety. 

 

 

V.1.2. β-Carotene Bleaching assay:  

     β-Carotene is a naturally occurring orange-colored carbon-hydrogen carotenoid, 

abundant in yellow-orange fruits and vegetables and in dark green, leafy vegetables 

[23]. It is also the most widely distributed carotenoid in foods [24]. 

The β-carotene Bleaching (BCB) method is based on the loss of the yellow color of β-

carotene due to its reaction with radicals which are formed by linoleic acid oxidation 

in an emulsion. The antioxidant activity of the different extracts of A. tenuifolius was 

evaluated secondly by the β-carotene - linoleic acid bleaching method (BCB) [25].  

β-Carotene solution (0.2 mg of β-carotene dissolved in 0.2 ml of Chloroform), linoleic 

acid (20 mg) and Tween 20 (200 mg) were mixed. Chloroform was removed by using 

a rotary evaporator at 50°C. Distilled water (50 ml) was added. Four milliliters (4 ml) 

of the emulsion were transferred into several tubes containing 0.2 ml of the different 
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extracts of A. Tenuifolius (5000 ppm in Ethanol) or Ethanol as control. BHT was used 

as positive control. The tubes were placed at 50°C for 3 hours. The absorbance was 

measured at 470 nm. Results were expressed as percent of β-carotene bleaching 

inhibition (AA %) and calculated as follows: 

AA% = (A β-carotene after 180 min / A initial β-carotene) x 100 

 

V.1.2.1. Results & Discussion 

     The comparable β-carotene bleaching (BCB) rates of the control BHT (as a 

standard) and the different extracts of A. tenuifolius are shown in (Fig. V.4.). The β-

carotene bleaching method is one of the most frequently applied methods for 

determining the total antioxidant property of the plants extracts. In the BCB assay, 

linoleic acid produces hydroperoxides as free radicals during incubation at 50°C and 

attacks the β-Carotene molecules that cause reduction in the absorbance at 470 nm. β-

Carotene in the systems undergoes rapid discoloration in the absence of antioxidant 

and vice versa in its presence. The presence of different antioxidants can delay the 

extent of β-carotene bleaching by neutralizing the linoleate free radical and other free 

radicals formed in the system [26]. Thus, the degradation rate of β-carotene - linoleate 

depends on the antioxidant activity of the extracts. 

Table V.2. showed the mean antioxidant activity based on the β-carotene bleaching 

rate of the various extracts of the studied plant. The extract with the lowest β-

Carotene degradation rate exhibit the highest antioxidant activity. All extracts had 

higher antioxidant activities than had the BHT standard. 

 

Table V.2. Antioxidant activity of the different extracts of A. tenuifolius and standard 
assayed by β-Carotene linoleate bleaching. * Values are expressed as mean ± SD 

Extracts T0 T180 Antioxydant Activity (%) 

CHCl3 Extract                                     (Average) 

 0,510 0,529 103,725 ± 0.013 95,692% ± 0.027 

 0,580 0,530 91,379 ± 0.035 

 0,573 0,527 91,972 ± 0.032 

BuOH Extract     

 0,466 0,447 95,923 ± 0.013 97,775% ± 0.007 

 0,461 0,458 99,349 ± 0.002 

 0,462 0,453 98,052 ± 0.006 

AcOEt Extract     

 0,470 0,347 73,830 ± 0.086 73,581% ± 0.087 

 0,470 0,341 72,553 ± 0.091 

  0,468 0,348 74,359 ± 0.084 

Crude Extract     

 0,498 0,477 95,783 ± 0.014 96,582% ± 0.012 

 0,497 0,482 96,982 ± 0.010  

 0,497 0,482 96,982 ± 0.010 
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Figure V.3. Scavenging effect of different extracts of A. tenuifolius on  

β-Carotene bleaching (BCB). 

 

     The highest antioxidant activity among the samples was observed in Butanol 

extract whereas Ethyl acetate extract had the lowest antioxidant activity. Results 

showed that there was considerably variation in the antioxidant activities where it 

ranges from the lowest of 73.581% to the highest of 97.775% where the orders of the 

antioxidant activity are as follow: Butanol extract (97.775%) > Crude extract 

(96,582%) > Chloroform extract (95,692%) > Ethyl Acetate extract (73.581%). 

 

V.1.3. Conclusion 

     The antioxidant activity of the chloroform extract and other extracts of A. 
tenuifolius was determined by the DPPH and β-Carotene bleaching tests, all the 

extracts confirmed their free scavenger potency. This activity is largely related to the 

composition of the extracts and their richness in phenolic compounds as mentioned 

previously in both TPC and TFC studies suggesting that phenolic compounds are the 

major contributors to the antioxidant activity of A. tenuifolius. 

 

V.2. Antibacterial and antifungal activities 

     Bacterial infections are among the important infectious diseases. Hence, over 50 

years of extensive researches have been launched for achieving new antimicrobial 

medicines isolated from different sources. Despite progress in development of 

antibacterial agents, there are still special needs to find new antibacterial agents due to 

development of multidrug resistant bacteria [27].      

Systematic studies among various pharmacological compounds have revealed that any 

drug may have the possibility of possessing diverse functions and thus may have 
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useful activity in completely different spheres of medicine. Drugs derived from 

natural sources play a significant role in the prevention and treatment of human 

diseases. In many developing countries, traditional medicine is one of the primary 

health care systems [28-29]. Herbs are widely exploited in the traditional medicine 

and their curative potentials are well documented [30]. 

Natural products from plants may give a new source of antimicrobial agents with 

possibly novel mechanisms of action [31-32]. The effects of plant extracts on bacteria 

have been studied by a very large number of researchers in different parts of the world 

[33]. 

Recently, many phytochemicals, including antibacterial agents, have been clarified 

from edible plants [34-35] 

In this study, the antibacterial and antifungal potential of A. tenuifolius extracts has 

been evaluated using both disk diffusion assays and the microdilution assays. 

V.2.1. Disk diffusion assay  

     Antimicrobial and antifungal activities of the four extracts were evaluated against 

8 strains generally recognized as the most important pathogens affecting food dishes: 

Escherichia coli (ATCC 35218), Vabrio parahaemolyticus (ATCC 17802), 

Staphylococcus aureus (ATCC 25923), Salmonella typhimurium (DT 104), 

Staphylococcus epidermidis (CIP 106510), Salmonella typhimurium (ATCC 1408), 

Bacillus cereus (ATCC 11778), Listeria monocytogenes (ATCC 19115) and against 4 

yeasts belonging to the Candida genus: C. tropicalis (06-085), C. parapsilosis (ATCC 

22019), C. krusei (ATCC 6258), C. albicans (ATCC 2019). The assay was done using 

the agar disk diffusion method [36-37]. 

All bacteria were grown on Mueller–Hinton broth supplemented with 1% NaCl at 

37°C for 18 to 24 hours prior to inoculation onto the nutriment agar. A loop of 

bacteria from the agar slant stock was cultivated in nutrient broth overnight and 

spread with a sterile cotton swab into Petri plates containing 10 ml of API suspension 

medium and adjusted to the 0.5 McFarland turbidity standards with a Densimat 

(BioMérieux, France). Sterile filter paper discs (6 mm in diameter, Biolife, Italy) were 
impregnated with 10 µl of each extract at three different concentrations (10, 30, and 

50 mg/ml), then placed on the cultured plates and allowed to dry. After 1 hour at 4°C, 

the treated Petri dishes were incubated at 37°C for 24 hours.  

The same technique was used to evaluate the antifungal activity of all the extracts 

against four fungal species. All strains were grown on Sabouraud Chloramphenicol 

agar plate at 30°C for 48 hours. Several colonies of similar morphology were 

transferred into API suspension medium and adjusted to 2 McFarland turbidity 

standards with a Densimat (BioMérieux, France). The inocula of the respective yeast 

were streaked onto Sabouraud chloramphenicol agar plates at 30°C using a sterile 

swab and then dried. Sterile papers dishes were impregnated with the same extract 

concentrations as for bacteria. Ampicillin (10 mg/ml) and Amphotericin B (10 mg/ml) 

were used as a positive control. 
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The antimicrobial activities were evaluated by measuring the diameter of the growth 

inhibition zone around the discs. All tests were performed in triplicate and the mean 

diameter of the inhibition zone was calculated. The results were expressed in terms of 

zone of inhibition (ZI) of growth around each disc in millimeters as low activity (1 to 

6 mm), moderate activity (7 to 10 mm), high activity (11 to 15 mm), very high 

activity (16 to 20 mm) [38]. 

V.2.2. Microdilution assay: MICs and MBCs determinations 

     The Minimal Inhibitory Concentration (MIC) and the Minimal Bactericidal 

Concentration (MBC) were determined according to the method described by Gomez 

et al., 2015 [39]. The MIC is the lowest concentration of substance at which it plays 

to inhibit the growth of target microorganisms. The MBC was interpreted as the 

highest dilution (lowest concentration) of the sample which showed clear fluid with 
no development of turbidity and without visible growth. Each extract was first 
dissolved in 10% dimethylsulfoxide (DMSO), then diluted to the highest 

concentration in 5 ml sterile glass test tubes, and then serial two-fold dilutions were 

made to obtain a concentration range from 0.146 to 150 mg/mL. In each 96-well 

plates, we added 95 µl of Mueller-Hinton broth (for bacteria) or 95 µl of Sabouraud 

Chloramphenicol broth (for yeast strains), and 5 µl of the correspondent inoculums 

strain. 100 µl from the stock solution and its serial dilutions were transferred into 

eleven consecutive wells. The last well containing 195 µl of the correspondent 

nutrient broth without extract and 5 µl of the inoculums on each strip was used as the 

negative control. The final volume in each well was 200 µl. Plates were incubated at 
37°C for 24 hours.  

 

V.2.3. Results & Discussion 

     The different extracts obtained from the aerial part of A. teniufolus were tested 

using the disc diffusion assay at three different concentrations against a set of Gram 

positive and Gram negative bacteria. The results of the antibacterial activities 

acquired from the paper disc method are presented in Table V.3., indicated that the 

Chloroform extract showed an antibacterial activity against the majority of the tested 

bacteria with a dose- activity relationship, as evident from the diameters of the 

inhibition zone (Table V.3.).  

In fact, the highest inhibition was registered for all extracts with inhibition zone 

diameter mean values ranging from 8.67 mm to 19.30 mm diameter of zone inhibition 

for the Chloroform extract, from 9.67 mm to 10.70 mm diameter of zone inhibition 

for the butanol extract. No inhibition was registered for the Ethyl acetate and the 

crude extracts with all the tested bacteria. 

The growth inhibition zone measured ranged from 9.67 to 19.30 mm for all the 

sensitive bacteria, and null for all the fungal strains for the different extracts. 
The inhibitory effect of the Chloroform extract against S. epidermidis was 13 mm 

diameter of zone inhibition, against S. aureus was 9.67 mm , against V. 
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parahaemolyticus was 8.67 mm, against S. typhimurium was 19.30 mm diameter of 

zone inhibition and no inhibitory effect was observed against E. coli, S. typhimurium 
ATCC 1408,  B. cereus and L. monocytogenes. 

For the Butanol extract, no inhibitory effect was observed against all the tested 

bacteria only with S. aureus with 9.67 mm and against S. typhimurium DT104 with 

10.70 mm diameter of inhibition zone. 

We found that the chloroform extract showed comparatively better antibacterial 

activity against the gram-positive bacteria and the gram-negative bacteria. 

As positive control, Ampicillin was used against the same bacteria. The tested 

concentration of Ampicillin was effective against all the tested bacteria however all 

the extracts showed less inhibitory effect on those bacteria. 
Amphotericin B was used as a positive control against the same fungal strains. The tested 

concentration of Amphotericin B was effective against all the tested fungal strains, 

however all the extracts showed no inhibitory effect. 
We could not detect any antifungal activity of the various extracts of our studied A. 
Tenufolius. This result was reported previously by Dangi et al., 2013 [40].  

The antimicrobial activity against both Gram positive and Gram negative bacteria and  

Candida sp. Strains could be related to the presence of several bioactive compounds 

with pronounced antimicrobial properties. In fact, flavonoids are known to possess 
antifungal, antiviral and antibacterial properties [41]. In particular, apigenin and 

kaempferol derivates are generally considered the most responsible for such activities 

[42-43]. 

This result implies that the extract of A. Tenuifolius contains some potential 

therapeutic compounds against some of the medically important bacteria. 

 

     The minimal inhibitory concentrations (MIC) and the minimal bactericidal 

concentrations (MBC) of A. Tenuifolius extracts were summarized in Table V.3. 

MIC generally ranged from 0.58 to 37.5 mg/ml for the Chloroform extract, from 0.39 

to 25 mg/ml for the Butanol extract, from 0.78 to 50 mg/ml for the Ethyl acetate 

extract against all bacterial strains, for the fungal strains it was ranged from 18.75 to 

37.5 mg/ml for the Chloroform extract, from 12.5 to 25 mg/ml for the Butanol extract 

and at 25 mg/ml for the Ethyl acetate extract. Independently of strains, results 

indicated that the Chloroform extract was the most effective organ as compared to the 

rest of extracts. 

As regards MBC, high concentrations were needed to eliminate the growth of all 

tested bacterial and fungal strains with values ranging from 2.34 to > 75 mg/ml for the 

Chloroform extract, from 1.56 to > 50 mg/ml for the Butanol extract, from 3.12 to > 

100 mg/ml for the Ethyl acetate extract. Results did not show difference between 

Gram-positive and Gram-negative strains.
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Table V.3. Antibacterial and antifungal activities (expressed as diameter of Inhibition Zone (IZ), on mm), MIC and MBC values (mg/ml) of the 
different extracts from A. tenuifolius (Values expressed as the means IZ ± SD). 

 

 

 

Code Strains 
Chloroform Extract 

 
Butanol  Extract  Ethyl Acetate Extract  Crude Extract Ampicillin (10 mg/ml) 

IZ ± DS MIC MBC IZ ± DS MIC MBC IZ ± DS MIC MBC IZ ± DS MIC MBC IZ ± DS MIC MBC 

Bacteria  

 

   
 

SP3 Staphylococcus epidermidis CIP 106510 13 ± 2 0.58 2.34 6±0 25 >50 6±0 50 >50 6±0 1.56 6.25 21.33±0.57 0.078 0.625 

SP1 Staphylococcus aureus ATCC 25923 9.67±0.58 2.34 9.37 9.67±0.58 3.12 6.25 6±0 25 >50 6±0 1.56 6.25 26.66±0.57 0.078 0.625 

SP13 Vibrio parahaemolyticus ATCC 17802 8.67±1.15 18.75 75 6±0 25 >50 6±0 50 >50 6±0 25 >25 13.33±0.57 0.011 3 

SP6 Listeria monocytogenes ATCC 19115 6±0 37.5 >75 6±0 0.39 1.56 6±0 0.78 3.125 6±0 0.048 0.39 12.33±0.57 0.023 0.093 

SP11 Bacillus cereus ATCC 11778 6±0 4.68 18.75 6±0 25 >50 6±0 50 >100 6±0 25 >25 26±1 0.078 0.625 

SP10 Salmonella typhimurium DT 104 19.3±1.15 18.75 37.5 10,7±2.08 3.12 6.25 6±0 50 >50 6±0 12.5 25 * * * 

SP9 Salmonella typhimurium ATCC 1408 6±0 18.75 75 6±0 12.5 >25 6±0 50 >50 6±0 25 >25 18±1 0.023 0.093 

SP5 Escherichia coli ATCC 35218 6±0 9.37 37.5 6±0 25 >50 6±0 50 >50 6±0 12.5 25 12.33±0.57 0.023 0.093 

Yeast Amphotericin B (10 mg/ml) 

IZ ± DS MIC MBC 

C1 Candida krusei ATCC 6258 6±0 37.5 >75  6±0 25 >50  6±0 25 >50  6±0 12.5 25 12±0 0.097 0.195 

C2 Candida albicans ATCC 2019 6±0 18.75 75 6±0 12.5 25 6±0 25 >50 6±0 12.5 25 12.66±0.57 0.024 0.781 

C3 Candida parapsilosis ATCC 22019 6±0 37.5 >75 6±0 25 >50 6±0 25 >50 6±0 25 >50 10.33±0.57 0.195 0.39 

C4 Candida tropicalis 06-085 6±0 37.5 >75 6±0 25 >50 6±0 25 >50 6±0 25 >50 12±0 0.39 6.25 
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According to the scheme proposed by Marmonier, 1990 [44] and Boulaaba et al. 2015 

[45], an extract is bacteriostatic when the ratio MBC/MIC ≥ 4 and bactericidal if the 

ratio MBC/MIC < 4. Based on this report, it can be advanced that the Chloroform 

extract of A. Tenuifolius have a bacteriostatic effect on all pathogens used in this 

study. 

 

V.3. Cytotoxic activities 

     Medicinal plants are assumed to be non-toxic and regarded safe due to their natural 

origin and long use in traditional medicine to treat various forms of diseases [46]. 

Their preparations are administered with the hope of promoting health and treating 

various diseases such as infections, colds, inflammation, insomnia, depression, heart 

diseases, diabetes, cancer and liver diseases has increased in recent times. However, 

scientific studies on efficacy and safety of some medicinal plants indicated that there 

are many phytochemicals that have cytotoxic, genotoxic, and carcinogenic effects 

when used chronically [47]. It should also be kept in mind that if a different extractant 

is used, the safety ascribed to traditional use based mainly on aqueous extracts may 

not be relevant at all. The adverse effects of medicinal plant use arise due to organ 

toxicity, adulteration, contamination, contents of heavy metals, herb-drug interactions, 

poor quality control and inherent poisonous phytochemical [48]. Some medicinal 

plant phytochemicals are associated with toxicities of the heart, liver, blood, kidney, 

central nervous system, gastrointestinal disorder and less frequently carcinogenesis 

[48]. In the formal herbal industry the toxicity problems of medicinal plants are 

attributable to insufficient quality assurance and non-compliance to the standards of 

Good Manufacturing Practice. As part of ethnopharmacological studies of medicinal 

plant available literature should be searched for known toxic properties of plants of 

interest before embarking on biological activity studies. However, where toxic effects 

are unavailable, the inclusion of cytotoxicity and other toxicity protocols in the study 

are useful in detecting potential toxicity. 

The aim of this study is to determine the potential risk of the different extracts of A. 
tenuifolius by evaluating the cytotoxicity using Vero cell lines. 

The cytotoxicity of the extracts was evaluated on VERO (African green monkey 

kidney) cells line. 104 Vero cellsper well were seeded in 96-well plates and grown 

in Eagle’s Minimum Essential Medium (MEM) supplemented with 5% Fetal Bovine 
Serum (FBS), 100 units/ml of penicillin, 100 μg/ml of streptomycin and 0.25 µg/ml of 
Amphotericin B at 37°C under 5% CO2 atmosphere. After 24 hours incubation, 

confluent monolayers of Vero cells were exposed to decreasing concentration of the 

extract (from 3333 µg/ml to 1 µg/ml) diluted in MEM supplemented with 2% FBS. 

After 48 hours of incubation, cell viability was observed in inverted microscope. The 

50% Cytotoxic Concentration (CC50), defined as the concentration of the extract able 

to reduce of 50% the cell viability, was determined by regression analysis in 

comparison to negative control.  
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V.3.1. Results & Discussion 

     The evaluation of the toxic action of plant extracts is indispensable in order to 

consider a treatment safe; it enables the definition of the intrinsic toxicity of the plant 

and the effects of acute overdose [49]. 

The extracts demonstrated activity at or below 100 µg/ml, were categorized as having 

strong cytotoxic activity, the extracts had LC50 values between 100 µg/ml and 500 

µg/ml, were categorized as having moderate cytotoxicity, the extracts had LC50 values 

between 500 µg/ml and 1000 µg/ml, were considered to have weak cytotoxic activity 

[50], while the extracts had LC50 values greater than 1000 µg/ml were considered to 

be non toxic [51]. 

In the presented study, the different extracts obtained from A. tenuifolius were 

evaluated for their cytotoxicity on VERO (African green monkey kidney) cell lines 

based on MTT assay. The CC50 values are presented in (Table V.4.) 

 

Table V.4. The CC50 of the cytotoxicity assay of A. tenuifolius extracts on VERO cells. 

Extracts CC50 (µg/ml) 

Chloroform  400 

Ethyle Acetate  333 

BuOH  1340 

Crude  200 

 

    The highest cytotoxicity among all extracts (CC50 = 200 µg/ml) was observed for 

the crude extract. Chloroform and ethyl acetate extracts showed a moderate 

cytotoxicity on VERO cell line with CC50 values of 400 and 333 µg/ml, respectively, 

indicating the presence of cytotoxic compounds responsible for the observed 

toxicological activity. The Butanol extract showed a very weak or a non cytotoxicity 

with a CC50 value of 1430 µg/ml. 

 

 

V.4. Antiviral activity 

     The number of antiviral studies using plant extracts has increased in the last 

decades, and the results have shown that plants are potential sources of compounds 

that are able to inhibit and/or decrease viral infections. The selection of these plants 

by ethnopharmacological criteria increases the probability of fi nding new substances 
with signifi cant pharmacological and biological activities. 

The search for antiviral drugs more effective and affordable is one of strategies to 

control the viral infections [52-54]. Plants and their derivatives may serve as 

promising sources of novel antiviral compounds [55-59]. 

     The antiviral activity was evaluated on Coxsakievirus B-3 (CVB-3) and Herpes 

Simplex Virus type 2 (HSV-2). The viruses were propagated on Vero cells in MEM 
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medium supplemented with 2% FBS at 37°C under humidified 5% CO2 atmosphere. 

The infectious titer of the stock solution was 2.107 TCID50/ml (50% tissue culture 

infectious doses/ml) for CVB-3 and 8.105 PFU/ml (plaque formation units/ml, PFU) 

for HSV-2. A MOI (multiplicity of infection) of 0.01 for CVB-3 and 0.1 for HSV-2 

was seeded into cells monolayers cultivated in 96-well culture plates 

(2.104 cells/wells), with different concentrations of the extracts starting from the CC50. 

Plates without virus or extract were used as negative and positive controls, 

respectively. After 48 hours incubation, the inhibition of the cytopathic effect (CPE) 

for CVB-3 and the plaque virus for HSV-2 was observed in inverted microscope. The 

50% inhibitory concentration (IC50) defined as the concentration of the extract able to 

reduce 50% the CPE or plaque virus was determined by regression analysis in 

comparison to positive control. The selective index (SI) was calculated from the ratio 

CC50/IC50. A compound is considered as active if the calculated SI is higher than 10 

[60]. 

In any case no extract was active, despite the high number of polyphenols reported in 

literature to possess inhibitory activity against viruses [61]. 

 

V.5. MTT assay 

MTT assay was used to evaluate the potential anti-proliferative and cytotoxic 

activity in A375 (human melanoma) cancer cell line. The cells were incubated for 48 

hours with increasing concentration of compounds 11 and 12 (5 µM to 50 µM) and, 

cell viability was determined by MTT proliferation assay. 

 

V.5.1. Cell Viability Assay.  

     A375 cells, human melanoma cell line (American Type Culture Collection, 

Manassa, VA), were cultured in Dulbecco’s modified Eagle (DMEM), supplemented 
with 10% (v/v) FBS, 2mM L−glutamine and antibiotics (100 U/mL penicillin, 100 

µg/mL streptomycin) at 37°C in humidified atmosphere with 5% CO2. To ensure 

logarithmic growth, cells were sub-cultured every 2 days. A375 cells were seeded in 

triplicate in 96 well−plates (1 x 104/ well) and incubated for the 48 hours in the 

absence or presence of different concentrations (5 µM to 50 µM) of 11 and 12 or 

DMSO (0,1% v/v). Stock solutions of compounds (50 mM in DMSO) were stored at 

20°C and diluted just before addition to the sterile culture medium. The number of 

viable cells was determined by using a [3-4, 5-dimethyldiazol-2-yl]-2, 5-diphenyl 

tetrazolium bromide (MTT, Sigma-Aldrich) conversion assay, as described [62].    

IC50 values were calculated from cell viability dose−response curves and were defined 
as the concentration resulting in 50% inhibition of cell survival, compared to control 

cells treated with DMSO.  
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V.5.2. Analysis of Cell Cycle and Hypodiploidy by Flow Cytometry.  

     Cell DNA content was measured by propidium iodide (PI) incorporation into 

permeabilized cells, as described by Nicoletti et al., 1991 [63]. Briefly, the cells were 

harvested after treatment with our molecules used at concentrations of 10, 20 and 40 

µM, washed with cold PBS and incubated with a PI solution (0.1% Sodium citrate, 

0.1% Triton X-100 and 25 μg/ml of prodium iodide, Sigma-Aldrich, 10 μg/ml Rnase 

A) for 30 min at 4°C. Data from 10.000 events for each sample were collected by a 

FACScalibur flow cytometry (Becton Dickinson, San Josè, CA) and cellular debris 

was excluded from analysis by raising the forward scatter threshold. Percentage of 

cells in the sub G0/G1 phase, hypodiploid region, was quantified using the CellQuest 

software (Becton Dickinson). The distribution of cells in G0/G1, S, G2/M phases was 

determined using ModFit LT cell cycle analysis software (Becton Dickinson).  

Proliferation of A375 cells was inhibited by treatment with compound 11 and 12 in a 

concentration-dependent manner, with IC50 values of 20.6 ± 0.8 and 23.2 ± 1.1 µM, 

respectively.  

 

Figure V.4. Compounds 11 and 12 affects A375 human melanoma cell viability and 

cell cycle progression.  

 

 

     The cells were treated for 48 h with compound 11 (A) or 12 (B), used in different 

concentrations (5 to 50 µM) and processed for cell proliferation determination by the 

MTT assay. PI stained viable and hypodiploid A375 cells were analyzed by flow 

cytometry after the exposure to compound 11 (C) or 12 (D), for 48 h. Results are 
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expressed as means ± SD of two experiment performed in triplicate (*P < 0.05, **P < 

0.005,***P<0.001). 

To establish the mechanism of action underlying the inhibition of cancer cell 

viability caused by the treatment, the cell cycle progression of A375 cancer cells was 

analyzed by flow cytometry. The cells were incubated for 48 hours with 

concentrations close to the IC50 values or higher of compounds 11 and 12 (20, 30 and 

40 µM). The effects of compound treatment on cell cycle progression diverged 

significantly. The treatment with compound 11, used in increasing concentrations, 

caused a progressive cell accumulation in S phase with a G1 phase decrease. (Fig. 

V.4.C), whereas compound 12 induced primarily a G2/M arrest with a slight cell 

decrease in G1 and S phases (Fig. V.4.D). Moreover, the treatment with high 

concentrations of compounds 11 and 12 increased the percentage of melanoma cells 

with hypodiploid nuclei (13.2 ± 1.0% and 12.2 ± 0.7%, respectively). These results 

indicated a different cytostatic effect concentration-dependent in human melanoma 

cells of metabolites and a similar pro-apoptotic effect when they were used at higher 

doses. 

 

V.5.3. CONCLUSION 

The in vitro activity of these two compounds 11 and 12 was evaluated in human 

melanoma A375 cells and both the metabolites inhibited the cell proliferation in a 

concentration-dependent manner, with IC50 values of ≈ 20.0 µM. 
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   The principal subject of this study was the isolation and structural elucidation of the 

secondary metabolites from A. tenuifolius plant collected from the region of Bechar in 

south west of Algeria, followed by the evaluation of their biological potential. Various 

chromatographic techniques (HPLC, CC, TLC…), were used for separation and 
purification of 17 pure natural compounds from the Chloroform and ethyl acetate 

extracts whose 14 compounds were identified, two compounds were reported for the 

first time in A. tenuifolius specie and two other new compounds reported for the first 

time in literature. The structures identifications of the isolated compounds were 

determined by the combination of the different spectral methods: UV-Visible 

spectrophotometry, NMR 1D and its two-dimensional sequences: COSY, HSQC, 

HMBC, as well as the ECD Spectra, ESI-MS and HR-MS mass spectrometry data. 

Quantitative estimation by spectrophotometric methods of total polyphenols content 

(TPC) and total flavonoids content (TFC) showed that the CHCl3 extract has a high 

content of polyphenols and flavonoids compared to Ethyl acetate and Butanol 

extracts. 

The phytochemical study of both Chloroform and the ethyl acetate extracts allowed 

the separation and the identification of:  

β-Sitosterol (1),  

Trans-N-feruloyltyramine (2),  

Asphodeline (3),  

Luteolin (4),  

Luteolin-7-O-glucosyl (5),  

Chrysophanol (6),  

Quercetin-3-O-rutinoside (Rutin) (7),  

5, 7, 4’-trihydroxyflavone (Apigenin) (8),  

Caffeic acid (9),  

10, 14-dicaffeoylquinic acid (10) 

10'-oxanthrone-(M, 10'S)-β-glucopyranosyl asphodelin (11),  

10'-oxanthrone-(P, 10'S)-β-glucopyranosyl asphodelin (12) 

Asphodelin-10’-oxanthrone-(10’R)-β-D-xylopyranoside (13) 

Asphodelin-10’-oxanthrone-(10’S)-β-D-xylopyranoside (14). 

 

    Various biological activities on the different organic extracts of A. tenuifolius plant 

were studied, the evaluation of the antioxidant activity using DPPH radical 

scavenging and β-Carotene Bleaching assay showed that all these extracts confirmed 

their free scavenger potency, this activity is largely related to the composition of the 

extracts and their richness in phenolic compounds. The analysis of the antibacterial 

activity using 8 strains of bacteria showed an activity only against some ones like 

Staphylococcus epidermidis CIP 106510, Staphylococcus aureus ATCC 25923, 

Vibrio parahaemolyticus ATCC 17802 and Salmonella typhimurium DT 104 for the 
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Chloroform extract. The antifungal activity was tested against 4 yeasts, no extract 

give an activity against all the yeasts. 

The antiviral activity showed a negative result too with all the extracts. For the 

cytotoxic activity, it was moderate to very weak with the different studied extracts. 

Finelly, The in vitro activity of two new isolated compounds (11 and 12) was 

evaluated on human melanoma A375 cells and both the metabolites inhibited the cell 

proliferation in a concentration-dependent manner with an IC50 value of ≈ 20.0 µM. 
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Abstract 

 

    The works presented in this manuscript is a continuation of the phytochemical 

research carried out by our phytochemistry group affiliated to the VARENBIOMOL 

research unit from many years on medicinal and aromatic plants growing in different 

regions of the country, including the vaste Sahara. 

The first aim of this research is to value the biological resources related to the plant 

biodiversity of the Algerian flora and the knowledge associated with this flora in 

terms of traditional use in medicine, and the second one is the separation and 

identification of new bioactive compounds with interesting biological activities. 

The choice of Asphodelus tenuifolius specie for a phytochemical and a biological 

study in this thesis was based mainly on the fact that this specie belongs to the 

Liliaceae family known for its richness in various secondary metabolites with a good 

biological and pharmacogical interest, as well as for the good reputation of using this 

plant in local traditional medicine.  

For this purpose, the organic extracts of A. tenuifolius specie were studied chemically 

using various chromatographic methods (TLC, CC, preparative plates, HPLC…) to 

lead the isolation and the identification of seventeen pure compounds using various 

spectroscopic analysis, 1D and 2D NMR (1H, 13C, COSY, HSQC, HMBC ...), ECD 

analysis, HRESI-MS and ESI-MS spectroscopy, UV-Visible, IR and also with 

comparison with the literature data. All These data allowed us especially to 

characterize two new structures of anthraquinones isolated from the Chloroform 

extract with ten other known compounds dividing into two flavonoids, one sterol, one 

nitrogen phenolic compound, an anthraquinone and two glycoside anthraquinones 

with three more compounds in the process of identification, most of these classes are 

known with their therapeutic benefit and interesting biological activities. 

Phytochemical study of Ethyl Acetate extract of this specie allowed also the isolation 

of six known compounds: two phenolic acids, three flavonoids and one 

anthraquinone. 

Quantitative estimation of total polyphenols and flavonoids contents (TPC and TFC) 

showed that the Chloroform extract has a high content of polyphenols and flavonoids 

compared to Ethyl acetate and Butanol extracts. 

The biological activities assays like: antioxidant, antibacterial, antifungal, cytotoxic 

and antiviral performed for the different organic extracts, as well as a cytotoxic 

activity in A375 (human melanoma) cancer cell line carried out on the two new 

isolated compounds, confirm the pharmacological and the therapeutic properties of 

this specie and give an explication of their traditional uses. 

 

Key Words: Liliaceae, Asphodelus tenuifolius, anthraquinones, polyphenols, HPLC, 

NMR 1D, 2D, HR-ESIMS, ECD, biological activities, cytotoxic activity, MTT assay, 

anti-proliferative potential. 
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 مـلـخــــص

العمل المقدم في هذه الأطروحة يدخل في إطار مواصلة البحوث الفيتو كيميائية المنجزة من طرف وحدة      
مختلف مناطق الوطن  المتواجدة فيمنذ سنوات حول النباتات الطبية و العطرية   VARENBIOMOLالبحوث

 .و خاصة الصحراوية منها

تثمين النباتات و المصادر البيولوجية المرتبطة بتنوع الغطاء النباتي  ومن هذه الدراسة ه أو الهدف الأول الغرض
الفصل و التعرف من جهة و من جهة أخرى  في الجزائر وتحصيل المعارف المتعلقة بالاستعمال التقليدي لها

 .مركبات نباتية جديدة ذات نشاط بيولوجي هامالكيميائية لعلى البنية 

يعتمد أساسا على انتمائها  الفيتوكيميائية و البيولوجية لهذه الدراسة Asphodelus tenuifoliusاختيار نبتة 
لها المعروفة بغناها الكبير بالأيض الثانوي ذو الفائدة البيولوجية الكبيرة و كذا على استعما Liliaceaeلعائلة 

 .المختلف محليا في الطب البديل بالأعشاب

قمنا بدراسة كيميائية على مختلف المستخلصات العضوية للنبتة باستعمال مختلف طرق الفصل لأجل ذلك 
و الذي مكن ( HPLCكروماتوغرافيا , كروماتوغرافيا الطبقة الرقيقة, كروماتوغرافيا العمود)الكروماتوغرافي 

ة التعرف على البنية الكيميائية للمركبات المفصولة باستعمال مختلف الطرق المطيافيمركبا نقي تم  71من فصل 
إضافة إلى  (13Cو  1H) D-7و 2D  (COSY, HSQC and HMBC... )كالرنين المغناطيسي و تطبيقاته

و المراجع  مختلف وكذا المقارنة مع HR-ESIMSمطيافية الكتلة  ,الأشعة فوق البنفسجية,  ECDتحاليل
 .السابقةمعطيات ال

الكلوروفورم من التحصل على مركبين جديدين لأول مرة من فئة  ثلاثي كلور الميثان أو مكننا فصل مستخلص
اثنان من فئة : مع فصل عشر مركبات أخرى معروفة من نفس المستخلص (anthraquinone)الأنثراكينون 
من فئة أنثراكينون و مركبين من فئة الأنثراكينون السكري مركب , مركب أزوتي, ستيرول, الفلافونويدات

كيميائية كل هذه المركبات تنتمي إلى فئات . بنيتها الكيميائيةبالإضافة إلى ثلاث مركبات مفصولة لم يتم تحديد بعد 
 .الكبيرمعروفة بآثارها العلاجية و نشاطها البيولوجي 

, ثلاثة من فئة الفلافونويدات, من فصل ستة مركباتكذلك ل مكننا الدراسة الفيتو كيميائية لمستخلص خلات الايثي
 .من فئة الأنثراكينونحمضين فينول و مركب 

لكل المستخلصات العضوية  للنبتة الكلي  اتالفلافونويد, تكما تم أيضا تحديد المحتوى الكمي الكلي للفينولا 
مع  ةمقارن المحتوىلهذا ورم أكبر نسبة الكلوروف أو أظهر مستخلص ثلاثي كلور الميثان نأيالمدروسة 

 . الاخرىالعضوية المستخلصات 

النشاط السام للخلايا و , مضادات الفطريات مضادات الأكسدة، مضادات البكتيريا،البيولوجية لخصائص دراسة 
 المفصولين ينالنقي ينللمركبالنشاط السام للخلايا لكل المستخلصات العضوية  و كذا  النشاط المضاد للفيروسات

النتائج المحصل عليها أظهرت و أكدت الخصائص الطبية و الدوائية للاستعمال التقليدي لهذه  كللأول مرة و
 .علمية كبيرة قد تساعد على استغلالها بشكل أفضلأهمية النبتة ما قد يساهم في إعطاءها 
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Résumé 

     Les travaux présentés dans cette thèse s’inscrit dans la continuité des recherches 
phytochimiques effectuées par notre groupe de phytochimie affilié à l’unité de 
recherche VARENBIOMOL depuis des années sur des plantes médicinales et 

aromatiques poussant dans différentes régions du pays notamment le Sahara. 

Cette recherche vise, premièrement à valoriser les ressources biologiques liées à la 

biodiversité végétale de la flore algérienne et les connaissances associées à cette flore 

en matière d’utilisation en médecine traditionnelle, et d’autre part la découverte et la 
séparation de nouveaux composés bioactifs susceptibles de posséder des activités 

biologiques intéressantes. 

Le choix de l’Asphodelus tenuifolius dans le cadre de ce travail de thèse repose 

principalement sur l’appartenance de cette espèce à la famille des Liliacées connue 
par sa richesse en divers métabolites secondaires d’un grand intérêt biologique, ainsi 

que pour la bonne réputation de l’utilisation de cette  plante dans la médecine 
traditionnelle locale. 

A cet effet, les extraits organiques de l’espèce A. tenuifolius ont été étudiés 

chimiquement en utilisant des méthodes chromatographiques (CCM, CC, Plaques 

préparatives et CLHP) pour conduire à l’isolement de 17 composés naturels à l’état 
pur en utilisant de diverses analyses spectroscopiques RMN 1D et 2D (1H, 13C, 

COSY, HSQC, HMBC…), analyses ECD, HRESI-MS et ESI-MS, UV-Vis, IR et en 

comparant avec la littérature. Ceci a permis la caractérisation de 2 nouveaux produits 

isolés pour la première fois à partir de l’extrait Chloroforme et appartenant à la classe 
des anthraquinones ainsi 10 autres produits connus se répartissant en : deux 

flavonoïdes, un stérol, un composé phénolique azoté, une anthraquinone et deux 

autres anthraquinones glycosidées avec 3 autres produits en cours d’identification, 
dont la plupart sont réputés pour leurs vertus thérapeutiques et activités biologiques 

intéressantes.  

 L’étude phytochimique réalisée sur l’extrait Acétate d’éthyle de cette espèce nous a 
permis d’obtenir 6 produits connus : deux acides phénoliques, trois flavonoïdes et une 
anthraquinone. 

L’estimation quantitative des polyphénols et des flavonoïdes totaux a montré que 

l’extrait CHCl3 admet une forte teneur en polyphénols et en flavonoïdes par rapport 

aux autres extraits  organiques.  

Les tests de recherche des activités biologiques: antioxydante, antibactérienne, 

antifongique, cytotoxique et antiviral des différents extraits organique de cette espèce, 

ainsi qu’un test de l’activité cytotoxique effectuées sur les deux nouveaux produits, 
qui ont été réalisées confirment les propriétés pharmacologiques de cette espèce et 

donnent une explication sur son utilisation dans la médecine traditionnelle. 

 

Mots Clés : Liliacée, Asphodelus tenuifolius, anthraquinones, polyphénols,  CLHP, 

RMN 1D et 2D, HR-ESI-MS, activités biologiques, activité cytotoxique, potentiel 

antiproliférative. 
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ABSTRACT: Two new glucopyranosylbianthrones (1 and 2) were isolated from the aerial part of the plant Asphodelus
tenuifolius, collected in Southwest Algeria. The 2D structures of 1 and 2 were defined by NMR analysis, HRESIMS data, and
comparison with literature data. The comparison of experimental and calculated electronic circular dichroism and NMR data
led to characterization of the (M) and (P) atropisomeric forms of the glucopyranosylbianthrones, asphodelins (1) and (2),
respectively. The in vitro activities of these two metabolites were evaluated in human melanoma A375 cells, and both the
compounds inhibited cell proliferation in a concentration-dependent manner, with IC50 values of 20.6 ± 0.8 and 23.2 ± 1.1 μM,
respectively. Considering their biological profile, an inverse virtual screening approach was employed to identify and suggest
putative anticancer interacting targets.

A nthraquinones are a class of aromatic compounds with a
9,10-dioxanthracene core.1 Many of these are common in

plants belonging to the families Fabaceae (Cassia), Liliaceae
(Aloe), Polygonaceae (Rheum, Rumex), Rhamnaceae (Rham-
nus), Rubiaceae (Asperula, Coelospermum, Coprosma,
Galium, Morinda, and Rubia), and Scrophulariaceae (Digi-
talis).2

Natural anthraquinones and preanthraquinones are consid-
ered important chemotaxonomic markers for plants belonging
to the Asphodelaceae (Liliaceae) family.3 Asphodelus is a
circum-Mediterranean genus, which includes 16 species. It
belongs to the Asphodelaceae or Liliaceae family, which
comprises 187 genera and 2500 species.4 Asphodelus tenuifolius
Cav. is an annual weed, native to the Mediterranean region,
Asia, and the Mascarene Islands. It is known as onion weed5

and used as a vegetable.6 Seeds, roots, and whole plants are
used for medicinal purposes and in the treatment of several

pathologies such as diabetes7 and paralysis.8 Phytochemical
investigations revealed that the plant contains alkaloids,
phenols, flavonoids, tannins, steroids, and anthraquinones,
including chrysophanol, aloe- emodin, and anhydrorugulosin.
Three bianthraquinones and 8-O-(β-D-glucopyranosyloxy)-
chrysophanol have also been isolated from this plant.9,10 The
chemical features of anthraquinones have been linked to their
involvement in a series of biological oxidative processes. In
addition, their structural features may allow them to strongly
interact with DNA, and this can explain the favorable
correlation between their cytotoxicity potency and DNA
affinity. Anthraquinones with dimeric structure have been
shown to act as potential bis-intercalating agents with an
increased cytotoxicity activity.11 In particular, the activity
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against melanoma cancer cells exhibited by these molecules has
prompted interest in the discovery of more potent agents able
to treat this kind of cancer, which is one of the most resistant
to classical chemotherapy.
Here we report the isolation and structural characterization

of the (M) and (P) atropisomers of a glucopyranosylbian-
throne isolated from the aerial parts of the Algerian plant A.
tenuifolius Cav. and their cytotoxicity against human melanoma
cells.

■ RESULTS AND DISCUSSION

The CHCl3 extract of the aerial part of A. tenuifolius Cav. was
subjected to purification by sequential silica gel chromatog-
raphy and RP-18 HPLC to yield the two metabolites (1 and 2,
Chart 1). After the determination of their 2D structures, a
quantum-mechanical (QM)/electronic circular dichroism
(ECD)/NMR combined protocol was applied to determine
their correct stereostructures (vide infra). Such approach
provided (1) evidence of possible atropisomerism arising from
the hindered rotation about the biaryl axis; (2) comparison of
experimental and calculated ECD spectra to define the (M)
and (P) atropisomers; and (3) comparison of calculated and
experimental 13C NMR chemical shifts to define the absolute
configuration at C-10′.
Compound 1 (Chart 1) was obtained as a yellowish,

amorphous powder. Its HRESIMS analysis gave an [M − H]−

ion at m/z 669.16353 (calculated for C36H29O13, 669.16081),
consistent with the molecular formula C36H30O13, accounting
for 22 indices of hydrogen deficiency. The structure was
elucidated by NMR analysis including 1H, HMBC, and HSQC
data. The 13C NMR spectrum of 1 showed 36 carbon
resonances, including two methyl groups (δC 21.9 and 22.9),
an oxymethylene (δC 62.9), eight aromatic methines, five sp3

oxymethines, 12 quaternary carbons, four oxygenated sp2

tertiary carbons, three carbonyl carbons (δC 194.5, 182.6,
and 193.4), and one oxygenated sp3 tertiary carbon.
Accordingly, the 1H NMR spectrum showed eight deshielded
resonances ascribable to eight aromatic protons and two
singlets at δH 2.13 and 2.47 assigned to two aromatic methyl
groups (Table 1). The 1H NMR spectrum showed the
presence of a hexose unit characterized by five oxymethine
protons at δH 3.45 (d, 9.3), 3.30 (t, 9.3), 3.57 (t, 9.3), 3.15 (t,
9.3), and 3.27 (m) and an oxymethylene at δH 3.57 (m), 3.77

(m) coupled to their neighbors in this order, as suggested by
the COSY experiment. In addition, the 1H NMR spectrum
showed four highly deshielded singlets at δH 11.87, 12.03,
12.12, and 12.58, indicative of four exchangeable hydrogens
bound to oxygen, and assigned to four phenolic groups (δC
162.9, 162.2, 159.3, and 162.7).12 The HMBC correlations
shown in Figure 1 indicate the cross-peaks between each
phenolic group and their respective neighboring carbons, thus
permitting their placement at C-1, C-8, C-1′, and C-8′.
The arrangement of the aromatic protons, as deduced by

COSY and HMBC correlations, indicated the presence of an
ABX spin system at δH 7.59 (1H, d, J = 8.2 Hz, H-5), 7.60 (1H,
t, J = 8.2 Hz, H-6), and 7.24 (1H, d, J = 8.2 Hz, H-7), an AX
pattern at δH 7.25 (1H, d, J = 8.2 Hz, H-3′) and 7.55 (1H, d, J
= 8.2 Hz, H-4′), two meta-coupled protons at δH 7.20 (1H, s,
H-5′) and 6.84 (1H, s, H-7′), separated by the C-11′ methyl
group (HMBC correlation in Table 1 and Figure 1), and an
isolated singlet at δH 7.27 (s, H-2) showing correlation with
the methyl protons at δC 21.9 (C-11). Comparison of the
NMR data of 1 with those of reported compounds suggested
that it was closely related to asphodoside A,12 a xylopyr-
anosylbianthrone12 containing a pentose unit linked at C-10′
instead of the hexose moiety revealed and deduced by
comparison of the ESIMS and NMR data of 1. The aromatic
singlet at δH 7.27 (H-2) with the biosynthetically anticipated
methyl signal at δC 21.9 (C-11), as well as the ABX spin
system, was assigned to the anthraquinone substructure and
was supported by the long-range H−C correlation patterns
(H-5/C-10, H-7/C-8a, H-2/C-1a, Table 1). The remaining
1H/13C resonances and in particular the AX system (H-3′ and
H-4′) and the pair of meta-coupled protons, separated by the
11′-methyl group, were attributed to the oxanthrone
substructure. The correlations between the tertiary carbinol
at δC 77.3 (C-10′) and H-4′ and H-5′ were diagnostic for this
assignment. The presence of a β-glucopyranosyl unit in
compound 1 was supported by (i) the presence in the
ESIMS data of an ion at m/z 506, due to the loss of a hexosyl
unit from [M − H-162]−, and (ii) the multiplicity of the sugar
signals and the JH−H values were in good agreement with those
reported for other β-glucopyranosyl moieties.13,14 Finally,
analysis of the long-range C/H correlations established the
link between the anthraquinone, oxanthrone, and β-glucopyr-
anosyl moieties. In particular, the correlation between C-4 (δC

Chart 1
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131.5) and H-3′ (δH 7.25) defined the linkage between the
anthraquinone and oxanthrone substructures (C-4/C-2′),
while the correlation between C-10′ (δC 77.3) and the
anomeric proton provided evidence of the location of the sugar
moiety (Table 1) as well as the type of glucosidic linkage, as
supported by the shielded anomeric carbon resonance at δC
83.8 (C-1″). The IR absorption bands for carbonyl (1604

cm−1), hydroxy (3405 cm−1), and aromatic functionalities
(1423 cm−1) supported the anthraquinone-type structure.
Collectively, these data defined the structure of 1 as shown in
Chart 1.
Compound 2 (Chart 1) was obtained as a yellowish,

amorphous powder. Its HRESIMS analysis gave an [M − H]−

ion at m/z 669.16345 (calculated for C36H29O13, 669.16081),
the same as compound 1. The 1H and 13C NMR data of
compound 2 are similar to those of 1 (Table 1), suggesting the
same 2D structure for both.
After defining the 2D structure of the two C-glucosidic

metabolites and assuming the presence of a D-glucose, two
issues were considered in order to establish the correct
stereostructures of 1 and 2, i.e., atropisomerism around the
biaryl axis and the absolute configuration at C-10′ (1a, 1b, 2a,
and 2b, Figure 2).
A conformational search related to the possible diaster-

eoisomers of 1 and 2 (1a, 1b, 2a, and 2b, Figure 2), required
for the subsequent phases of computation of the ECD spectra
and NMR parameters, was performed at the empirical level
(molecular mechanics, MM), combining Monte Carlo
molecular mechanics (MCMM), low-mode conformational
sampling (LMCS), and molecular dynamics (MD) simulations
(see the Experimental Section). In addition, to corroborate
atropisomerism due to the hindered rotation about the biaryl
axis,15,16 the MM sampled conformers of the possible
atropisomers for each diastereoisomer were subjected to
geometry and energy optimizat ion steps at the
MPW1PW91/6-31G(d) density functional level of theory
(DFT).
After geometry optimization, the conformers were visually

inspected in order to avoid redundant conformers. DFT
calculations were employed for predicting the rotational energy
barrier related to the interconversion between the atropisomers
(Experimental Section) for both the (10′R) and (10′S)
configurations. This parameter was calculated for the 1b (M,
10′R) and 2b (P, 10′R) atropisomers, obtaining ΔG⧧ = 24.0
and 21.5 kcal/mol, and referred to the difference between the
most stable conformers of 1b and 2b and the related energy of
the transition state, respectively. Such high rotational barriers
are compatible with the hindered rotation about the biaryl
bond.15 Similar results were found for the 1a (M, 10′S) and 2a
(P, 10′S) atropisomers, obtaining values of ΔG⧧ = 23.1 and
20.6 kcal/mol, thus corroborating the presence of atropisomer-
ism and the related hindered interconversion.
Next, the calculated and experimental ECD spectra were

compared to predict the atropisomeric forms of 1 and 2.
Starting from the conformers related to the diastereoisomers
featuring both the (10′R) and (10′S) absolute configurations
and the M/P atropisomeric forms (1a, 1b, 2a, and 2b, Figure
2), the ECD curves were calculated at the MPW1PW91/6-
31G(d,p) functional/basis set in EtOH (IEFPCM) to
reproduce the effect of the solvent.17 Comparison of the
experimental and calculated ECD curves of 1 and 2 (Figure 3)
showed that the calculated spectra of the (M) atropisomeric
forms (1a and 1b) are similar to the experimental ECD of 1.
On the other hand, the simulated spectra of atropisomeric
forms (P) (2a and 2b) are superimposable to the experimental
ECD spectrum of 2, regardless of the relative configuration at
C-10′. Therefore, these results suggest that the Cotton effects
are not influenced by the 3D arrangement at C-10′, further
supporting the hindered rotation of the biaryl bond. These
results highlighted an important result in the stereoassignment

Table 1. 1H (600 MHz) and 13C (150 MHz) NMR Data of
Compounds 1 and 2 in CDCl3

a

1 2

position δC
b δH

b,c HMBC (H→C) δC
b δH

b,c

1 162.9 164.1

2 125.6 7.27, s C-11, C-1a, C-4,
C-1

125.6 7.29, s

3 150.4 151.2

4 131.5 132.5

5 120.5 7.59, d
(8.2)

C-10, C-7 120.0 7.52, d
(8.1)

6 137.4 7.60, t (8.2) C-5a, C-8 137.1 7.56, t (8.1)

7 124.2 7.24, d
(8.2)

C-8a, C-5 124.1 7.23, d
(8.1)

8 162.2 163.2

9 194.5 194.1

10 182.6 183.7

1a 115.0 116.1

4a 131.5 132.5

5a 134.5 135.5

8a 116.3 116.8

1′ 159.3 159.4

2′ 129.6 130.9

3′ 135.4 7.25, d
(8.2)

C-4, C-4′a, C-1′ 135.9 7.28, d
(8.1)

4′ 116.2 7.55, d
(8.2)

C-10′, C-2′,
C-1′a

116.0 7.55, d
(8.1)

5′ 118.5 7.20, s C-11′, C-8′a, C-
7′, C-10′

119.3 7.17, s

6′ 147.9 148.9

7′ 118.3 6.84, s C-11′, C-8′a, C-
5′, C-8′

118.5 6.85, s

8′ 162.7 163.5

9′ 193.4 192.8

10′ 77.3 77.9

1′a 116.3 117.2

4′a 145.7 146.8

5′a 146.7 144.4

8′a 114.2 115.3

1″ 83.8 3.45, d
(9.3)

C-10′, C-4′a, C-
5′a, C-3″

83.5 3.34, d
(9.3)

2″ 71.7 3.30, t (9.3) C-10′, C-1″, C-3″ 71.4 3.30, t (9.3)

3″ 78.8 3.57, t (9.3) C-2″, C-4″, C-5″ 78.7 3.53, t (9.3)

4″ 70.7 3.15, t (9.3) C-3″, C-5″, C-6″ 70.5 3.15, t (9.3)

5″ 81.0 3.27, m C-3″, C-1″ 79.4 3.04, m

6″ 62.9 3.57, m,
3.77, m

C-4″ 62.9 3.44, m,
3.56, m

11 21.9 2.13, s C-3, C-2, C-4 21.5 2.13, s

11′ 22.9 2.47, s C-6′, C-5′, C-7′ 23.0 2.47, s

1-OH 12.58 C-1, C-2, C-1a 12.85

8-OH 12.03 C-8, C-7, C-8a 12.03

1′-OH 12.12 C-1′, C-2′, C-1′a 12.02

8′-OH 11.87 C-8′, C-7′, C-8′a 11.72
aAssignments were based on 1H, 1H COSY, HSQC, and HMBC
experiments. bValues in ppm. cMultiplicity and coupling constants (J
in Hz) are indicated in parentheses.
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process: the real structure of 1 is restricted to those of 1a and
1b, whereas 2 will correspond to 2a or 2b. Consequently, in
order to assign the C-10′ configuration, we applied a DFT/
NMR approach that has been successfully used in the
characterization of unknown stereostructures by us18−22 and
by other research groups.23 For both pairs of possible
diastereoisomers (1a or 1b vs 1, and 2a or 2b vs 2), the
Boltzmann-weighted averages of the predicted 13C NMR
chemical shifts were computed at the MPW1PW91/6-
31G(d,p) level, accounting for the energies of each sampled
conformer on the final Boltzmann distribution. Furthermore,
the multistandard approach (MSTD)24,25 was employed, using
tetramethylsilane (TMS) and benzene as reference for sp3 and
sp2 13C atoms. For each atom, the experimental and calculated
13C NMR chemical shifts were compared and the mean
absolute errors (MAEs) for the pairs of possible diaster-
eoisomers were computed.
The results highlighted the better fit with the experimental

data (Table 1) of 1a (13C MAE = 2.8 ppm) versus 1b (13C
MAE = 4.4 ppm) and of 2a (13C MAE = 2.1 ppm) versus 2b
(13C MAE = 4.5 ppm), suggesting the (10′S) absolute
configuration for both atropisomers (Tables S1 and S2,
Supporting Information, for comparison between the exper-
imental and calculated 13C NMR chemical shift data).
Accordingly, the structures of 1 (M, 10′S) and 2 (P, 10′S)
were defined as shown in Chart 1.
After this phase of structural characterization, the MTT

assay was used to evaluate the potential antiproliferative and
cytotoxic activity in the A375 (human melanoma) cancer cell
line. The cells were incubated for 48 h with increasing
concentrations of compounds 1 and 2 (5−50 μM), and cell
viability was determined using the MTT proliferation assay.
Proliferation of A375 cells was inhibited by treatment with
compounds 1 and 2 in a concentration-dependent manner,
with IC50 values of 20.6 ± 0.8 and 23.2 ± 1.1 μM, respectively
(Figure 4A,B).

To establish the mechanism of action of the inhibition of
cancer cell viability caused by treatment with 1 and 2, the cell
cycle progression of A375 cancer cells was analyzed by flow
cytometry. The cells were incubated for 48 h with
concentrations close to the IC50 values or higher of compounds
1 and 2 (20, 30, and 40 μM). The effects of the treatment with
both compounds on cell cycle progression diverged signifi-
cantly. Specifically, the treatment with compound 1, used in
increasing concentrations, caused a progressive cell accumu-
lation in the S phase with a G1 phase decrease (Figure 4C),
whereas compound 2 primarily induced a G2/M arrest with a
slight cell decrease in G1 and S phases (Figure 4D). The
treatment with high concentrations of compounds 1 and 2
increased the percentage of melanoma cells with hypodiploid
nuclei (13.2 ± 1.0% and 12.2 ± 0.7%, respectively). These
results indicated a different concentration-dependent cytostatic
effect in human melanoma cells of the two metabolites and a
similar pro-apoptotic effect when they were used at higher
doses. Starting from these results, an inverse virtual screening
(IVS) approach was used as a tool for the rapid selection of the
most promising targets for these bioactive natural com-
pounds.27−30 In this phase, the aglycone portion (3, Chart
2) was screened against 306 targets (Table S3, Supporting
Information) involved in cancer and inflammation pathologies,
by means of molecular docking calculations.
After the normalization process, a ranking with the most

promising interacting targets was obtained (the first 30
identified targets are reported in Table S4, Supporting
Information). Analysis of the ligand/protein complexes at a
molecular level highlighted several interacting targets, for
which their correlation with melanoma was reported. In the
first position of the IVS ranking (Table S4, Supporting
Information), adenosine A2A, a receptor playing a key role in
melanoma, was identified.31 Indeed, A2A antagonism has been
reported as a useful strategy to directly interfering with the
protumor effects of adenosine in melanoma tissue. Further-

Figure 1. 2D NMR correlations of compounds 1 and 2, 1H−1H COSY coupling (bold face bonds), and HMBC correlations.
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more, inhibition of glycogen synthase kinase (GSK)-3β,
identified as the third best target by IVS, is correlated with
the reduction of the motile and invasive behavior of melanoma
cells.32 Polo-like kinase 1 (PLK1, the fourth target identified by
IVS) expression is dynamically regulated during the cell cycle
in human melanoma, and the combined inhibition of PLK1
and MAPK has been reported as a potentially attractive
strategy in melanoma therapy.33 The results from the IVS are
in agreement with the disclosed specific antimelanoma
biological activity, and further biological evaluations are
ongoing in our laboratory to corroborate the virtual outcomes.
In summary, a multistep protocol was applied to the

isolation and structural and biological characterization of two
novel compounds isolated from the aerial parts of A. tenuifolius.
The 2D structures of 1 and 2 were defined following the
standard combination of isolation, purification, and character-
ization of the natural products using the general techniques
(HPLC, NMR, etc.). The correct stereoassignment of these
two metabolites was determined with the comparison of the
experimental and calculated ECD curves and NMR parame-

ters, allowing the assignment of 1 (M, 10′S) and 2 (P, 10′S) as
two atropisomeric forms of the same glucopyranosylbian-
throne. Furthermore, the evaluation of their biological activity
disclosed their interesting effects on melanoma cancer cells,
prompting us to further investigate this aspect through the
application of the inverse virtual screening methodology. From
this in silico study, a panel of 30 interacting targets involved in
inflammatory and tumoral events was identified, and these
outcomes will be followed by further biological study to
confirm the antitumoral activity of the reported compounds.

■ EXPERIMENTAL SECTION

General Experimental Procedures. Optical rotations were
determined with an Autopol IV instrument. FT-IR (Fourier-transform
infrared) spectra were recorded by using an FT-IR Bruker Tensor 27/
37 spectrometer equipped with an attenuated transmitter reflection
device at 4 cm−1 resolution in the absorption region ΔV 4000−1000
cm−1. NMR spectroscopic data were acquired on a Bruker DRX-600
spectrometer at 300 K. 2D NMR spectra were acquired in CDCl3 in
the phase-sensitive mode with the transmitter set at the solvent
resonance and time proportional phase increment used to achieve

Figure 2. Molecular structures of the four possible diastereoisomers of 1 and 2 (1a, 1b, 2a, and 2b).
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frequency discrimination in the ω1 dimension. The standard pulse
sequence and phase cycling were used for DQF-COSY, HSQC, and
HMBC. Electrospray ionization (ESI) mass spectra were recorded on
a Bruker Esquire-LC spectrometer equipped with an electrospray ion
source used in positive or negative ion mode by direct infusion of a

methanolic solution of the sample, under the following conditions:
source temperature 300 °C, drying gas N2, scan range 100−1000 m/z.
HRESIMS data were acquired on an LTQ Orbitrap XL mass
spectrometer (Thermo Fisher Scientific, San Jose, CA, USA)
operating in negative ion mode. Column chromatography (CC) was
performed on silica gel (63−200 μm, Merck, Darmstadt, Germany);
TLC was performed on precoated Kieselgel 60 F254 plates (0.2 mm,
Merck, Darmstadt, Germany); the mobile phases used for TLC
analyses were CHCl3/MeOH (9.5:0.5) and CHCl3/MeOH (9:1),
and the spots were detected by treating with a Ce(SO4)2/H2SO4

(Sigma-Aldrich, Milano, Italy) solution. Preparative TLC was carried
out on silica gel GF254 (20 × 20 cm, 1 mm thickness). HPLC was
done with a Merck Hitachi L-6200 equipped with a UVIDEC 100-V
detector using a Phenomenex Luna RP-18 column (5 μm, 250 mm,
4.60 mm).

Plant Material. Aerial parts of A. tenuifolius were collected in May
2010 in Southwest Algeria. The plant was identified by M. Mohamed
Benabdelhakem (Ex-Director of the National Agency of Preservation
of Natural Resources, Bechar, Algeria). An authenticated voucher
specimen, with the identification number AS10TEN, was deposited at
the Herbarium of the VARENBIOMOL research unity, University
Mentouri of Constantine, Algeria.

Extraction and Isolation. A total of 1860 g of air-dried and
powdered aerial parts of A. tenuifolius was extracted with EtOH/H2O
(80:20 v/v × 3, 48 h) three times at room temperature. After
filtration, the filtrates were concentrated using a rotary evaporator.
The combined ethanolic extract was evaporated at 38 °C to give a
residue (105.5 g), which was suspended in distilled water. Each
resulting solution was extracted successively with CHCl3 (3 × 400
mL), EtOAc (3 × 400 mL), and n-BuOH (6 × 400 mL). The organic
phases were filtered using common filter paper and concentrated
under vacuum at 38 °C to obtain the following dry organic extracts:
CHCl3 (5.60 g), EtOAc (7.77 g), and n-BuOH (14.41 g). The residue
from the CHCl3 extract (5.60 g) was dissolved in 5 mL of CHCl3 and
subjected to CC on silica gel (63−200 mesh, 170 g) eluted with n-
hexane/EtOAc gradient elution and then with increasing percentages
of MeOH. Fractions of 50 mL were collected to yield 28 fractions
(F1−F28) obtained by combining the different eluates based on TLC
analysis. Fractions 14 and 15 were combined (101.90 mg) and
subjected to CC on silica gel eluting with CHCl3/MeOH with an
increasing polarity to yield six subfractions according to their TLC
behavior. After purification on preparative TLC (silica gel 254, CHCl3/
MeOH, 9.0:1.0), subfraction 3 (55.1 mg) gave a mixture containing
two major compounds. A 35 mg amount of this mixture was subjected
to semipreparative HPLC analysis on a reversed-phase Phenomenex
Luna C18 column (250 mm × 4.6 mm, 5 μm particle diameter), using
MeCN/H2O (50:50 v/v) at a flow rate of 1.0 mL/min and detection
at 254 nm to give compounds 1 (4 mg, tR = 28 min) and 2 (5 mg, tR =
19 min), respectively.

(M,10′S)-1′,4,5,8′,10′-Pentahydroxy-2,6′-dimethyl-10′-β-gluco-
pyranosyl-[1,2′-bianthracene]-9,9′,10(10′H)-trione, 1: yellowish,
amorphous powder, detected as a single spot on silica gel TLC
with CHCl3/MeOH (9:1) at Rf 0.80; IR (KBr) νmax 3405, 2923, 2852,
1604, 1423, 1361, 1282, 1093 cm−1; [α]25D −270 (c 0.01, MeOH);
ECD 422 (Δε −1.34), 356 (+0.71), 317 (−0.99), 256 (−3.76), 213
(+5.26); ESI (−) MS m/z 668.9 [M − H]−, 505.9 [(M − H −
(C6H12O6)]

−; HRESIMS m/z 669.16353 ([M − H]−, calcd for
C36H29O13, 669.16081); 1H (CDCl3, 600 MHz) and 13C NMR
(CDCl3, 150 MHz) data, see Table 1.

(P,10′S)-1′,4,5,8′,10′-Pentahydroxy-2,6′-dimethyl-10′-β-gluco-
pyranosyl-[1,2′-bianthracene]-9,9′,10(10′H)-trione, 2: yellowish,
amorphous powder, detected as a single spot on silica gel TLC
with CHCl3/MeOH (9:1) at Rf 0.70; IR (KBr) νmax 3409, 2919, 1600,
1420, 1355, 1280, 1091 cm−1; [α]25D +4.6 (c 0.1, MeOH); ECD 428
(Δε +2.98), 382 (+0.81), 356 (+0.77), 320 (−3.78), 249 (+9.88),
230 (−1.60), 233 (+0.77), 212 (−12.99); ESI (−) MS m/z 668.9 [M
− H]−, 505.9 [(M − H − (C6H12O6)]

−; HRESIMS [M − H]− m/z
669.16345 ([M − H]−, calcd for C36H29O13, 669.16081);

1H (CDCl3,
600 MHz) and 13C NMR (CDCl3, 150 MHz) data, see Table 1.

Figure 3. Comparison of the experimental ECD spectra of 1 and 2
with the TDDFT-predicted curves of compounds 1a, 1b, 2a, and 2b.
The region of interest (350 to 500 nm) as reported for other known
similar glucosyl anthraquinones is shown.12,14,26
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Computational Details. Maestro 10.234 was used for generating
the starting 3D chemical structures of the possible diastereoisomers of
compounds 1 and 2 (1a, 1b, 2a, and 2b, Figure 2). As a first step
exhaustive conformational searches at the empirical MM level with
the MCMM method (50 000 steps) and LMCS method (50 000
steps) were performed, in order to allow a full exploration of the
conformational space. Furthermore, molecular dynamics simulations
were performed at different temperatures (450, 600, 700, 750 K), with
a time step of 2.0 fs, an equilibration time of 0.1 ns, and a simulation
time of 10 ns. All the conformers were minimized using the OPLS
force field35 and the Polak−Ribier conjugate gradient algorithm. The
“redundant conformer elimination” module of Macromodel 10.234

was used to select nonredundant conformers. For compounds 1 and
2, MM conformational searches produced both sets of atropisomers,
which were separated after visual inspection once the hindered

rotation along the biaryl axis was assessed by means of QM
calculations (vide infra). The QM calculations were performed using
Gaussian 09 software.36 The conformers were optimized at the QM
level using the MPW1PW91 functional and the 6-31G(d) basis set.37

The atropisomerism arising from the hindered rotation along the
biaryl axis was evaluated via computation of the rotational energy
barrier required for the interconversion between the 1a (M, 10′S) and
2a (P, 10′S), and 1b (M, 10′R) and 2b (P, 10′R) atropisomers
(Figure 2). Specifically, the starting geometry model representing the
transition state was built with the two phenyl moieties roughly in the
same plane, which was subsequently optimized at the QM level using
the Berny algorithm, the MPW1PW91 functional, and the 6-31G(d)
basis set, followed by vibrational frequency calculations. Analysis of
the vibrational frequencies showed that the optimized structure was
correctly associated with the transition state, since the two phenyl
moieties slightly moved along the biaryl axis, producing the two
different atropisomeric forms at each oscillation. Comparison of the
energies between the lowest energy-associated conformer found for 1a
(M, 10′S) and 2a (P, 10′S), and 1b (M, 10′R) and 2b (P, 10′R), and
the transition states confirmed the hindered rotation along the biaryl
axis, and then the different atropisomers were separately considered
for the subsequent computation of the ECD spectra and NMR
spectroscopic parameter calculations. Afterward, assuming the
presence of a β-glucopyranosyl unit, the prediction of the ECD
spectra was performed using all the significant conformers and
performing QM calculations at the TDDFT (NStates = 40)
MPW1PW91/6-31G(d,p) level in EtOH (IEFPCM) to reproduce
the effect of the experimental solvent.17 The final ECD spectra of 1a,
1b, 2a, and 2b were built considering the influence of each conformer
on the total Boltzmann distribution and taking into account the
relative energies and were graphically plotted using SpecDis
software.38 In order to simulate the experimental ECD curve, a
Gaussian band-shape function was applied with an exponential half-
width (σ/γ) of 0.20 eV. After proving the presence of atropisomerism,
the selected conformers for the different pairs of diastereoisomers of
compounds 1a and 1b versus 1, and 2a and 2b versus 2, were used for
the subsequent computation of the 13C NMR chemical shifts, using

Figure 4. Compounds 1 and 2 affect A375 human melanoma cell viability and cell cycle progression. The cells were treated for 48 h with
compound 1 (A) or 2 (B), used in different concentrations (5−50 μM) and processed for cell proliferation determination by the MTT assay.
Propidium iodide-stained viable and hypodiploid A375 cells were analyzed by flow cytometry after exposure to compound 1 (C) or 2 (D), for 48 h.
Results are expressed as means ± SD of two experiments performed in triplicate (*P < 0.05, **P < 0.005, ***P < 0.001).
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the MPW1PW91 functional and the 6-31G(d,p) basis set. Final 13C
NMR values for each of the diastereoisomers were calculated
considering the influence of each conformer on the total Boltzmann
distribution taking into account the relative energies. Calibrations of
calculated 13C NMR chemical shifts were performed following the
multistandard approach29,30 (see above). The data were evaluated
considering the |Δδ| parameter (absolute differences in experimental
vs calculated 13C NMR chemical shifts) and the MAE parameter
(MAE = ∑(|δexp − δcalc|)/n) (summation through n of the absolute
values of the differences in the corresponding experimental and
calculated 13C NMR chemical shifts).
Cell Viability Assay. A375 cells, a human melanoma cell line

(American Type Culture Collection, Manassa, VA, USA), were
cultured in Dulbecco’s modified Eagle, supplemented with 10% (v/v)
fetal bovine serum, 2 mM L-glutamine, and antibiotics (100 U/mL
penicillin, 100 μg/mL streptomycin) at 37 °C in a humidified
atmosphere with 5% CO2. To ensure logarithmic growth, cells were
subcultured every 2 days. A375 cells were seeded in triplicate in 96-
well plates (1 × 104/well) and incubated for 48 h in the absence or
presence of different concentrations (5−50 μM) of 1 and 2 or DMSO
(0.1% v/v). Stock solutions of compounds (50 mM in DMSO) were
stored at −20 °C and diluted just before addition to the sterile culture
medium. The number of viable cells was determined by using the
MTT [3-(4,5-dimethyldiazol-2-yl)-2,5-diphenyltetrazolium bromide]
conversion assay (Sigma-Aldrich).39 IC50 values were calculated from
cell viability dose−response curves and were defined as the
concentration resulting in 50% inhibition of cell survival, compared
to control cells treated with DMSO.
Analysis of Cell Cycle and Hypodiploidy by Flow

Cytometry. The cell DNA content was measured by propidium
iodide (PI) incorporation into permeabilized cells.40 Briefly, the cells
were harvested after treatment with compounds 1 and 2 used at
concentrations of 10, 20, and 40 μM, washed with cold phosphate-
buffered saline, and incubated with a PI solution (0.1% sodium citrate,
0.1% Triton X-100, and 25 μg/mL of PI, Sigma-Aldrich, 10 μg/mL
Rnase A) for 30 min at 4 °C. Data from 10 000 events for each sample
were collected by FACScalibur flow cytometry (Becton Dickinson,
San Jose,́ CA, USA), and cellular debris was excluded from analysis by
raising the forward scatter threshold. Percentage of cells in the sub
G0/G1 phase, hypodiploid region, was quantified using the CellQuest
software (Becton Dickinson). The distribution of cells in G0/G1, S,
and G2/M phases was determined using ModFit LT cell cycle analysis
software (Becton Dickinson).
Statistical Analysis. All data represent the mean ± SD of at least

three independent experiments performed in triplicate. The statistical
significance of cell cycle distribution results was performed by two-
way analysis of variance (ANOVA) with Bonferroni post-test analysis
using GraphPad Prism 5 software. The P value ≤ 0.05 was considered
significant.
Inverse Virtual Screening. The chemical structures of

compound 3 and eight “blank” compounds were built with Maestro
(version 10.2) Build Panel.34 The panel of targets (306 protein 3D
structures) was built downloading the .pdb files from the Protein Data
Bank database (www.rcsb.org, Table S3, Supporting Information).
Molecular docking calculations were performed using the Autodock-
Vina software.41 In the configuration files linked to 3D structures of
the protein are coordinates and dimensions along the x, y, z axes of
the grid related to the site of presumable pharmacological interest,
with a spacing of 1.0 Å between the grid points. The exhaustiveness
parameter41 was set to 64, saving 10 conformations as a maximum
number of binding modes. For all the investigated compounds, all
acyclic bonds were treated as active torsional bonds. A starting set of
promising interacting proteins of 3 was selected setting a predicted
binding affinity cutoff = −7.5 kcal/mol. The identified proteins (253
items) were then also screened against the eight “blank” molecules,
the latter needed for the normalization of the binding affinities of 3, as
reported in eq 1:

=V V V/0 R (1)

where V represents the normalized value of 3, V0 is its predicted
binding affinity from docking calculations (kcal/mol), and VR is the
average value of binding energy calculated on all the “blanks” (kcal/
mol). It is important to note that V is a dimensionless number and,
thus, may be used to predict the interacting targets of a case-study
compound, rather than to have precise indications about the related
binding affinities. A final ranking was obtained from the most to the
least promising target. Normalized values and predicted binding
energies for 3 are reported in Table S4 (Supporting Information).
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