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Abstract 

Asphodelus species are among many plants used in traditional medicine, they are used by native peoples for various 

pathologies. Asphodelus aestivus Brot. is one of Asphodelus species which is considered an important wild medicinal plant 

growing mainly at Mediterranean region. The present study aims to investigate the chemical constituents and cytotoxic 

evaluation of A. aestivus flowers. Petroleum ether extract was analyzed by GC/MS assay which revealed the characterization 

of twenty nine compounds, representing 93.13% of total extract. Also, the chromatographic investigation of the 

hydromethanolic extract led to the isolation of ten phenolics. They were identified as kaempferol (1), kaempferol 3-O-

glucoside (2), kaempferol 3,7-di-O-glucoside (3), luteolin 7-O-glucoside  )4), isoorientin (5),  isoorientin 7-O-glucoside 

(lutonarin) (6), caffeic acid (7) emodin (8), apigenin 7-O-glucoside (9) and isovitexin-7-O-glucoside (saponarin) (10), from 

which, five compounds ((2, 3, 6-8) have been isolated for the first time from A. aestivus. Furthermore, LC-ESI-MS chemical 

profiling managed to detect the minor contents and led to the annotation of thirteen additional metabolites. In addition, the 

petroleum ether and the hydromethanolic extracts were investigated against four human carcinoma cell lines; HepG2, HCT-

116, MCF-7 and A549 at concentration of 100 mg/mL. The results showed moderate % of inhibition against MCF-7 (63.8 and 

68.4) followed by HepG2 (52.3 and 65.7), respectively. Both extracts showed weak inhibition (5.7-14.3%) on HCT-116 and 

A549. To the best of our knowledge, this is considered the first report of the chemical analysis and biological evaluation of A. 

aestivus flowers. 
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1. Introduction 

The genus Asphodelus L. (Family Asphodelaceae 

Juss.) is characterized by its antioxidant and anti-

inflammatory properties; it is used as a prophylactic 

agent against tumors and has inhibitory activity 

against tyrosine kinase in the melanin production as 

well [1]. Asphodelus aestivus Brot. is one of the five 

Asphodelus species distributed in Egypt [2]. It is a 

wild geophyte plant grows in dry grass lands and on 

rocky or sandy soil with basal leaves and short 

vertical rhizome. Its flowers are pinkish-white, with 

six perianth segments and about 14–19 mm long in 

addition to six stamens of the same length, in two 

whorls. They are actinomorphic, and have a smell 

similar to the cat pee [1, 2]. This plant is not 

consumed by wild animals either because of the scent 

of its flowers or its chemical composition [1]. A. 

aestivus contains several compounds such as 

glycosides, alkaloids, anthraquinones, flavonoids, 

anthranoids, and triterpenes [3, 4]. Furthermore, the 

flower was characterized by its essential oil content 

[1]. In addition, the plant is described as least concern 

species on international union for the conservation of 

nature (IUCN) Red List of Threatened species [5]. 

https://www.sciencedirect.com/science/article/pii/S2468227619307823#!
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Economically, the dried tuber is crushed and mixed 

with cold water to make strong glue [6] that is used 

by bookmakers and shoemakers [7-9]. A yellow dye 

is obtained from the tuber [7, 10]. A. aestivus has 

been used in traditional (folk) medicine, the tubers 

and roots are used against hemorrhoids, nephritis, 

wounds and burns [11-12]. Roots also were reported 

to have gastroprotective effect against ethanol-

induced lesions [13]. Previous reports of A. aestivus 

leaves showed a powerful antioxidant activity; their 

antioxidant capacities seem to be related to their 

chemical compositions [14]. Its active extracts could 

be used as additives in food, cosmetic and 

pharmaceutical industries. However, the plant flowers 

have not been examined before for its biological 

activity. So, our aim in this study is to investigate the 

chemical constituents and cytotoxic activity of A. 

aestivus flowers against human hepatic carcinoma 

(HepG2), Human colon carcinoma (HCT-116), 

Human breast carcinoma (MCF-7) and Human lung 

carcinoma (A549) cell lines.  

 

2. Experimental 

2.1. Plant material  

Flowers of A. aestivus were collected from the 

Burg Al Arab road, Egypt in 28 February 2019. The 

sample was identified by Professor Dr. S.A. 

Kawashty, Department of Phytochemistry and Plant 

Systematics, National Research Centre. A voucher 

specimen (s.n.MS18) has been deposited in the 

herbarium of the National Research Centre (code: 

CAIRC). 

2.2. Extraction and isolation 

Fifty grams of the air-dried powdered of A. 

aestivus flowers were exhaustively extracted several 

times with petroleum ether (40-60C). The solvent 

was evaporated under reduced pressure at 40ºC. The 

remaining plant powder (500 g) was extracted three 

times using 70% MeOH then evaporated under 

reduced pressure at 70ºC [15]. The petroleum ether 

extract was subjected to GC-MS analysis to study the 

volatile constituents. The hydro methanol extract (35 

g) was subjected to chromatographic investigation for 

the separation and identification of pure compounds. 

They included preparative paper chromatography; 

PPC (Whatmann 3MM; BAW, H2O and/or 15% 

HOAc) and column chromatography (CC) (Sephadex 

LH-20; 60×2.5 cm; MeOH: H2O). The isolated 

compounds were purified on CC (Sephadex LH-20; 

35 ×1.5 cm; MeOH). Ten pure compounds were 

obtained and their structures were elucidated on the 

basis of chromatographic analysis (Rf values, colour 

reactions and Co-PC with reference samples); 

chemical investigation (acid hydrolysis) and physical 

investigations (UV, NMR, and ESI–MS). Further 

confirmation was performed by comparing their 

spectral data with previously reported values. The 

70% MeOH extract was further analyzed using LC–

ESI–MS analysis to detect the compounds that could 

not be isolated due to their minority. 

2.3. Analysis of petroleum ether extract (GC/MS 

analysis) 

GC/MS analysis of the petroleum ether extract of 

A. aestivus was performed by the method described 

by Farid et al., [16] using Thermo Scientific capillary 

gas chromatography (model Trace GC ULTRA) 

directly coupled to ISQ Single Quadruple MS. The 

identification of the compounds was carried out by 

comparison of their retention times and fragmentation 

patterns of mass with those of published data Adams 

[17] and/or with those of the Wiley spectral library 

collection and NIST library.  

 

2.4. Analysis of hydro methanol extract  

2.4.1. Acid hydrolysis and paper chromatography 

The aqueous methanol extract of A. aestivus 

flowers (100 mg) was hydrolyzed with 10 mL HCl 

2N (100°C, 2h). The acidic solution was fractionated 

with 10 mL ethyl acetate after cooling for several 

times till exhaustion. The collective ethyl acetate 

fractions were filtered over anhydrous Na2SO4 then 

evaporated. The ethyl acetate residue was subjected 

to one dimension paper chromatography (PC) 

Whatman No. 1 (Whatman Ltd. Maidstone, Kent, 

England) using solvent systems; 50% AcOH (H2O-

AcOH, 1:1) and BAW (n-BuOH-HOAc-H2O, 4:1:5, 

upper layer) to detect the aglycones. Also, the 

aqueous layer was carefully neutralized, then 

subjected to PC investigation using BBPW (Benzene-

n-BuOH-pyridine-H2O, 1:5:3:3, upper layer) to detect 

the sugars [14]. Flavonoid aglycones, phenolic acids 

(Fluka AG, Bucns SG, Switzerland) and sugar 

samples (E. Merck, Darmstadt, Germany) were used 

as authentic references.  

 

2.4.2. LC-ESI-MS analysis  

The analysis system consists of HPLC (Waters 

Alliance 2695) and mass spectrometry (Waters 3100). 

The mobile phases were prepared daily by filtering 

through 0.45 μm membrane disc filter and degassed 

by sonication before use. The mobile phase for 

gradient elution consists of two solvents: solvent A 
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[0.1% formic acid (FA) in H2O] and solvent B [0.1% 

FA in CH3CN/MeOH (1:1; v/v)]. The linear gradient 

profile was as follows: 95% A (5 min), 95-90% A (10 

min), 90-50% A (55 min), 50-95% A (65 min), and 

95% A (70 min). The injection volume was 10 μL. 

The flow rate (0.6 ml/min) was split 1:1 before the 

MS interface. The negative ion mode parameters 

were as follows: source temperature 150 °C, 

desolvation temperature 350 °C, cone gas flow 50 

L/h, cone voltage 50 eV, capillary voltage 3 kV, and 

desolvation gas flow 600 L/h. Spectra were recorded 

in the ESI negative mode between 50 and 1000 m/z. 

The peaks and spectra were processed using the 

Masslynx 4.1 software [18]. The compounds isolated 

in the present study were used as authentic samples in 

LC-ESI-MS analysis. Known peaks were identified 

by comparing their retention time and mass spectrum 

with the standard flavonoids (95% purity; UV, ESI, 

NMR) isolated in the present study and others which 

obtained from our research group (phytochemical and 

plant systematic department, NRC) [19-24]. Other 

peaks were tentatively identified by comparing their 

fragmentation pattern with literatures. 

2.5. Cytotoxic activity 

2.5.1. Cell lines 

Human hepatic carcinoma (HepG2), Human colon 

carcinoma (HCT-116), Human breast carcinoma 

(MCF-7) and Human lung carcinoma (A549) cell 

lines were obtained from Vacsera (Giza, Egypt). 

Culture was maintained in RPMI medium and 

supplemented with 10% fetal bovine serum at 37 °C 

in 5% CO2 and 95% humidity. Cells were sub-

cultured using trypsin versene 0.15%. 

2.5.2. Cell viability assay 

After 24 h of seedling cells in 96 well plates, the 

medium was changed to serum-free medium 

containing a final concentration of the extracts of 

100µg/ml in triplicates. The cells were treated for 

24 h. 0.5% DMSO was used as negative control. Cell 

viability was determined using the MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5diphenyltetrazolium 

bromide) assay [25]. The equation used for 

calculation of percentage cytotoxicity = (1- 

(av(x)/(av(NC))* 100. 

Where Av: average, X: absorbance of sample well 

measured at 595 nm with reference 690 nm, NC: 

absorbance of negative control measured at 595 nm 

with reference 690. 

 3. Results and discussion 

3.1. Phytochemical investigation 

3.1.1. Investigation of petroleum ether extract 

(GC/MS) 

Twenty-nine compounds were identified in the 

petroleum ether extract of A. aestivus flowers using 

GC/MS analysis (Table 1) comprising 93.13% of the 

total extract. The major components were 9,12,15-

octadecatrieoic acid methyl ester (26.45%), 9,12-

octadecadieroic acid (Z, Z)-methyl ester (18.39%), 

hexadecanoic acid methyl ester (13.81%), n-

hentriacontane  (7.12%) and n-pentacosane (5.73%). 

Among the detected compounds, nine essential oils 

were reported before in the A. aestivus flowers from 

Cyprus [1] (Table 1). Hexadecanoic acid methyl ester 

was reported before for its cytotoxicity to human 

leukemic cells (MOLT-4) and in vivo antitumor 

activity in mice [26-27], in addition to its several 

pharmacological activities [28]. 

 

3.1.2. Investigation of hydromethanolic extract 

3.1.2.1. Acid hydrolysis 

Investigation of the ethyl acetate fraction on PC 

showed flavone, flavonol and anthraquinone 

aglycones. Two dark flavone aglycones (changed to 

yellow when exposed to ammonia vapor) have PC 

behavior as apigenin and luteolin standard. 

Kaempferol (major) and quercetin (minor) were also 

observed as yellow spots. Two anthraquinone 

aglycones were observed as red spots, one of them 

was suggested to be emodin (PC behaviour) which 

isolated previously from the studied species. 
Moreover, PC revealed the presence of additional two 

dark spots unchanged through acid hydrolysis process 

indicating possible C-glycoside structures, whereas, 

their Rf values and color reaction resembled those of 

isovitexin and isoorientin standards. Furthermore, 

some blue spots appeared, two of which matches the 

Rf value and color reaction of caffeic acid and 

chlorogenic acid while others are unknown.  Glucose 

was detected as a major sugar moiety in the aqueous 

fraction. 

 

3.1.2. 2. Identification of the isolated compounds 

The first chemical investigation of the 

hydromethanolic extract of A. aestivus flowers led to 

the isolation of ten phenolic compounds (Fig.1). They 

were identified as kaempferol (1) [29], kaempferol -

3-O-glucoside (2) [30], kaempferol -3,7-di-O-

glucoside (3) [31], luteolin 7-O-glucoside  )4) [32-33], 
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isoorientin (5) [34], isoorientin 7-O-glucoside 

(lutonarin) (6) [35], caffeic acid (7) [36], emodin (8) 

[37], apigenin 7-O-glucoside (9) [36] and isovitexin-

7-O-glucoside (saponarin) (10) [38]. Compounds (2, 

3, 6-8) were isolated for the first time from the 

investigated species while the remaining compounds 

were reported previously from the aerial parts of 

A. aestivus [33]. In addition, compound (1) was 

reported before in A. ramosus [29] and (4) was 

detected in different Asphodelus species such as A. 

cerasifer [32] and A. delphinensis [33]. 

 

Table 1 GC/MS analysis of the petroleum ether extract of 

Asphodelus aestivus flowers 

NO Rt 
min 

Compounds MW Mol. 
formula 

Area% 

1 17.54 n-Undecane 156 C11H24 0.73 

2 18.62 Nonanol 144 C9H20O 0.57 

3 21.76 n-Dodecane 170 C12H26 0.31 
4 22.54 Dodecanoic 

acid,methyl ester 

214 C13H26O2 0.64 

5 22.82 n-Tetradecane* 198 C14H30 0.26 
6 25.87 Dodecanol 186 C12H26O 0.39 

7 26.58 n-Pentadecane* 212 C15H32 0.36 

8 26.99 Tetradecanoic acid 
methyl ester 

242 C15H30O2 1.23 

9 29.04 Isopropyl myristate 270 C17H34O2 0.84 

10 31.02 Hexadecanoic acid 
methyl ester 

270 C17H34O2 13.81 

11 32.32 n-Hexadecane* 226 C16H34 0.37 

12 32.86 Ethylene brassylate 270 C15H26O4 0.99 
13 34.17 9,12-Octadecadien-

oic acid methyl ester 

294 C19H34O2 18.39 

14 34.30 9,12,15-Octadecatrie-
oic acid, methyl ester 

292 C19H32O2 26.45 

15 34.51 9-Octadecenoic acid 

(Oleic acid) 

282 C18H34O2 0.31 

16 34.71 Octadecanoic acid, 

methyl ester 

298 C19H38O2 0.85 

17 35.53 n-Eicosane 282 C20H42 0.27 
18 35.88 n-Docosane* 310 C22H46 0.55 

19 37.54 n-Tricosane* 324 C23H48 3.06 

20 38.10 Docosanoic acid, 
methyl ester 

354 C23H46O2 0.33 

21 39.14 n-Tetracosane* 338 C24H50 1.39 

22 40.69 n-Pentcosane* 352 C25H52 5.73 
23 42.17 n-Hexacosane* 366 C26H54 0.80 

24 43.61 n-Heptacosane* 380 C27H56 3.06 

25 45.52 Squalene  410 C30H50 1.42 
26 46.35 n-Nonacosane 408 C29H60 1.46 

27 48.67 Ethyl iso-allocholate 436 C26H44O5 0.54 

28 48.93 n-Hentriacontane 436 C31H64 7.12 
29 52.03 Astaxanthin 596 C40H52O4 0.90 

Total identified compounds 93.13 

*Compounds reported before in the essential oil of A. aestivus 

flowers from Cyprus [1] 

 

3.1.2.3. LC-ESI-MS analysis 

The LC-ESI-MS/MS analysis of the 

hydromethanolic extract of A. aestivus flowers 

(negative ion mode) (Fig. 2) led to the identification 

of twenty three compounds. The detected compounds 

were identified by mass fragmentation and their 

relative retention times compared with the isolated 

compounds which used as authentic standards and the 

previously published literature data (peaks 8, 11, 13, 

14, 15, 16, 17, 19, 22, 23). Peak 1 (Rt 2.4), was 

proposed as gluconic/galactonic acid which occurs 

naturally in fruit, honey and wine [39] and 

demonstrated as an [M-H]− ion at m/z 195 with 

fragment ions at m/z 177, m/z 159, m/z 129, m/z 99 

[40]. While peak 2 (Rt 2.75) is considered one of the 

amino acid derivatives confirmed by the presence of 

a molecular ion peak [M-H]− at m/z 293 and a 

fragment ion at m/z 131 after the loss of glucose 

moiety with that at m/z 87 due to the loss of 

H2O + CO so, this compound was identified as 

aspargine-glucoside [41]. Peak 3 (Rt 3.59) is tentative 

identified as citric/isocitric acid with molecular ion 

peak at m/z 191 supported by the existence of the 

fragment ion at m/z 111 [M-H–CO2–2H2O]- [42]. 

Quinic acid was presented as peak 5 (Rt 4.68) at m/z 

191, confirmed by the presence of the fragment ion at 

m/z 127 [M-H-CO-2H2O]− [43].  

Peaks 6 (Rt 18.7), 9 (Rt 23.8) & 10 (Rt 24.22) 

produced the same molecular ion peak (m/z 353) and 

tentatively identified as derivatives of chlorogenic 

acid. The fragment ion at m/z 191 [quinic acid-H]− 

and ion at m/z 179 [caffeic acid-H]−. An additional 

fragment was shown in peak 10 at m/z 173 [quinic 

acid-H2O-H]−, which is attributed to 4-O-

caffeoylquinic acid [44]. Thus, peaks 6 and 9 were 

identified as cis- and trans-3-O-caffeoylquinic acid, 

respectively while peak 10 identified as 4-O-Caffeoyl 

quinic acid [36, 44]. The MS spectrum of peak 7 (Rt 

20.87) showed a molecular ion peak at [M-H]− at m/z 

445 and fragment m/z 285, indicted the existence of 

rhein hexoside structure. This suggestion supported 

by the presence of fragments pattern as that of rhein 

structure (at m/z 267, 211 and 185). Therefore, peak 7 

was tentatively identified as rhein-O-glucoside based 

on acid hydrolysis [45]. Peak 12 (Rt 30.05) revealed a 

molecular ion peak [M-H]− at m/z 431 and  a base 

peak ion at m/z 269 [M-H-162]−, after loss of glucose 

moiety. The fragment ion (m/z 269) together with 

additional ions at m/z 241[M-H-CO]−  and 225[M-H-

CO2]− were identical to emodin aglycone structure, so 

peak 12 is identified as emodin-O-glucoside 

[45]. Peak 18 (Rt 43.4) has a molecular ion peak [M-

H]− at m/z 623 and produced fragment ions (m/z 447 

[M-H-176]−), after loss of feruloyl moiety. Another 

fragment at m/z 301 represented as quercetin 

aglycone after loss of rhamnose unit [M-H-176-

146]−. Therefore it tentatively identified as quercetin-

https://pubchem.ncbi.nlm.nih.gov/#query=C18H34O2
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O-feruoyl rhamnoside. Peaks 20 (Rt 49.68) and 21 

(Rt 50.01) pointed to be the oxidation products of 

oxylipins; the unsaturated fatty acids and showed 

molecular ion peak [M-H]− at m/z 329 [46] and were 

proposed to be two of lineolic acids derivatives which 

distinguished by the existence of a molecular ion at 

m/z 171 [OOC (CH2)7CH-OH],the neutral loss of 100 

amu (329-229) and (311-211) analogous to the loss of 

an end group HO-CH=CH(CH2)3CH3 from the 

oxylipin molecule, so, peak 20 and 21 were identified 

as trihydroxy octadecenoic acid isomers [47]. Peak 

24 (m/z 465) was confronted as glycerophosphate 

lipid which was distinguished by the fragment ion at 

m/z 329 after the neural loss of a dehydrated 

phosphoglycerol unit (-136 Da), and supported by the 

presence of the product ion at m/z 153. Therefore, it 

could be identified as trihydroxy octadecenoyl 

glycerophosphate [48]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (1): Chemical structure of the isolated compounds from A. aestivus flowers. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (2):  LC-ESI-MS/MS analysis of the hydromethanolic extract of A. aestivus flowers 
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Table 2 Tentative identification of chemical compounds in the hydromethanolic extract of Asphodelus aestivus flowers 

No.  Rt (min) [M–H]- m/z fragments Tentative identification Reference  

1 2.4 195 177, 159, 129 Gluconic acid/ galactonic acid [40] 

2 2.75 293 131,113, 87,70 Aspargine-N- glucoside [41] 

3 3.59 191 111 Citric/isocitric acid [42] 

4 4.17 331 97, 79 Unknown - 

5 4.68 191 173, 127,85 Quinic acid  [43] 

6 18.7 353 191, 179, 173, 135,127 cis 3-Caffeoyl  quinic acid  [36] 

7 20.87 445 325,285, 241,211, 185 Rhein-O- glucoside [45] 

8 21.2 609 447, 357, 327, 285 Isoorientin 7-O-glucoside (lutonarin)* [35] 

9 23.8 353 191, 179, 161, 85 trans 3-Caffeoyl  quinic acid  [36] 

10 24.22 353 191, 179, 161, 135 4-O- Caffeoyl  quinic acid  [36,44] 

11 25.1 179 135 Caffeic acid* [36] 

12 30.05 431 269,241,225 Emodin-O-glucoside [45] 

13 32.064 447 429,357,327 Isoorientin* [34] 

14 34.98 447 285 Luteolin 7-O-glucoside* [33] 

15 35.57 593 431, 341, 311 Isovitexin-7-O-glucoside (Saponarin)* [38] 

16 36.41 609 447, 285 Kaempferol -3,7-di-O-glucoside* [30]  

17 40.91 447 285 Kaempferol -3-O-glucoside* [29] 

18 43.4 623 447, 301, 193, 175, 147 Quercetin-O-feruoyl rhamnoside [18] 

19 48.68 285 227,151 Kaempferol* [28]  

20 49.68 329 311, 229,211, 171 Trihydroxyoctadecenoic acid (isomer 1) [47] 

21 50.01 329 311, 229,211, 171 Trihydroxyoctadecenoic acid (isomer 2) [47] 

22 51.18 431 279, 269 Apigenin 7-O-glucoside* [36] 

23 54.52 269 241, 225 Emodin* [37] 

24 55.4 465 329, 211, 153 Trihydroxyoctadecenoyl-glycerophosphate   [48] 

*Compounds isolated in the present study and used as standard 

 

3.2. Cytotoxic activity 

 In vitro cytotoxic evaluation of the petroleum 

ether and aqueous methanol extracts of A. aestivus 

flowers showed moderate inhibition% (63.8 and 68.4) 

on MCF-7 followed by (52.3% and 65.7%) on 

HepG2, respectively. Both extracts showed weak 

inhibition (5.7-14.3%) on HCT-116 and A549. 

Previous reports of the biological activity of the root 

and leaf of the dichloromethane and n-hexane 

fractions of A. aestivus showed antitumoral activity 

against human cancer cells (lung A549 and prostate 

PC3) through DNA damage [49] while aqueous 

(infusion and decoction), diethyl ether, ethyl acetate 

and methanol fractions were evaluated before against 

breast cancer cell line (MCF-7) and showed that 

methanol and aqueous extracts exhibited strong 

cytotoxic activities and all the extracts showed a 

significant DNA damaging and apoptotic activities 

[3] but no previous  cytotoxic activity was measured 

for the flower. 

The moderate cytotoxic activity A. aestivus flower 

might be related to an active compound or the 

synergic effect of several detected compounds 

resulted in the anti-tumoral activity of A. aestivus by 

several reports [3, 50]. 

 

4. Conclusion 

Total fifty two polar and non-polar compounds were 

isolated and/or detected from either petroleum ether 

extract or aqueous methanol extract of A. aestivus 

flowers. Except for nine essential oils and five 

phenolics, all compounds were reported for the first 

time from the investigated species. Also, the first 

cytotoxic evaluation of both extracts showed 

moderate inhibition% (63.8 and 68.4) on MCF-7 

followed by (52.3% and 65.7%) on HEPG-2, 

respectively. 
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