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Introduction

Green silver nanoparticles (AgNPs) are one of the 

furthermost effective symbols of nanoparticles that are being 

functional in many areas of life comprising therapeutic applications, 

water filter, food packaging, cosmetics, tumor imaging, and drug 

delivery.
1
 AgNPs have increased great attention as nonhazardous, eco-

friendly, cost-effective and simple progressive to predictable chemical 

methods.
2-6

 Numerous in vitro studies using AgNPs have 

demonstrated their prospective as effective antimicrobial,
5,7

 anticancer 
8, 9

 and antiviral agents.
10-12

  

As well, the plant kingdom considered as unlimited resources for the 

expansion of unique bioactive agents along with different medicinal 

systems. The wild plant of Glinus lotoides L. (Family: 

Molluginaceae), recognized as lotus sweet juice and localized mostly 

in Egypt, Sudan, India, Pakistan and South Africa, and considered a 

promising dietary vegetable and medicinal plant.
13

 In Egypt, it is used  
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in folk medicine as a stomachic, stimulant and cardiac drug. The 

members of family Molluginaceae are mainly characterized by the 

presence of flavonols and C-glycosyl flavonoids. G. lotoides was 

reported to contain various saponin and triterpenoid derivatives.
14-16

 C-

glycosyl flavones (vitexin-2′′-O-glucoside and vicenin-2) were also 

stated in the plant.
16

 G. lotoides has numerous pharmacological 

activities including antitumor, anti-spasmodic, anti-helminthic, geno-

toxic and bio-pesticidal activities. In Ethiopia, the crude extract of G. 

lotoides has been prepared in the form of tablet to be used for  

therapeutic purposes.
16 

 

In the current study, the aqueous methanol extract of G. lotoides 

(GLE) and its biosynthesized silver nanoparticles (AgNPs) were 

subjected to the anticancer evaluation against four human carcinoma 

cell lines (liver; HepG2, colon; HCT116, breast; MCF7 and larynx; 

Hep2) and the antiviral assessment against avian influenza A virus 

(H5N1). Moreover, the chemical analysis of GLE was characterized 

using mass spectrometric methods. 

   
 

Materials and Methods 

Plant material 

G. lotoides whole plant was collected by Prof. Dr. Sameh R. Hussein 

from Giza cultivated areas in March 2016. A voucher specimen (No. 

sn SR/2358) was identified and deposited in the National Research 

Centre herbarium (CAIRC), Cairo, Egypt. 
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Green silver nanoparticles (AgNPs) utilize companionable nanomaterials for investigative and 

therapeutic determinations. The existing study reports the synthesis of AgNPs using Glinus 

lotoides L. aqueous methanol extract (GLE) besides evaluation of anticancer and antiviral 

effects of GLE and its synthesized AgNPs (GLE_AgNPs). The formation of GLE_AgNPs was 

confirmed by UV-VIS spectrophotometer. Their spherical shape with average size was found to 

be 5-50 nm by TEM (transmission electron microscope). Fourier-transform infrared 

spectrometer (FTIR) investigation specified the presence of alcohol/phenol, amino and aromatic 

carbonyl groups in GLE that were complex in reduction and capping of nanoparticles. The in 

vitro cytotoxic activity of GLE was screened using four human carcinoma cell lines; liver 

(HepG2), colon (HCT116), breast (MCF7), larynx (Hep 2) and showed IC50 24.3, 26.1, 30, 50 

(μg/mL), compared to doxorubicin with IC50 4.28, 3.73, 4.43, 3.73 (μg/mL), respectively. 

Furthermore, the antiproliferative effects (IC50, μg/mL) of GLE_AgNPs were observed with 

HepG2 (25.4) and HCT116 (26.3) also it exhibited no cytotoxicity against normal human 

melanocytes (HFB-4). The antiviral activity showed a higher potency of GLE_AgNPs against 

H5N1 virus with inhibitory effect about 60%, while the GLE about 26.5% (100μg/μL). 

Additionally, the phytochemical constituents of GLE, which could be used as reducing agents in 

GLE_AgNPs, were characterized using spectrometric techniques. GC/MS analysis of the 

petroleum ether/dichloromethane fraction (1:1 v/v) revealed the identification of 33 compounds 

of fatty acids, fatty acid esters and sterols. LC/ESI/MS
n
 of the defatted GLE afforded 30 

compounds that belong to phenolics, organic acids, flavonol O-glycosides, flavonol O-acyl 

glycosides and C-glycosyl flavonoids.  

 

Keywords: Glinus lotoides, Silver nanoparticles, Antiviral, Cytotoxicity, GC/MS, LC/ESI/MS
n
 

 

Copyright: © 2020 Farid et al. This is an open-

access article distributed under the terms of the 
Creative Commons Attribution License, which 

permits unrestricted use, distribution, and 

reproduction in any medium, provided the original 
author and source are credited. 
 

https://www.tjnpr.org/
mailto:monakhalil66@hotmail.com
http://www.doi.org/10.26538/tjnpr/v1i4.5
https://creativecommons.org/licenses/by/4.0/


                                                Trop J Nat Prod Res, October 2020; 4(10):714-721                    ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

715 

© 2020 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

Plant extract preparation 

The dried, powdered aerial whole plant of G. lotoides (80 g) were 

extracted by (7:3 v/v) methanol/water and yielded 25 g of aqueous 

methanol extract of G. lotoides (GLE). A part of GLE was used for the 

AgNPs biosynthesis and the biological assay. The rest GLE was 

defatted with petroleum ether: dichloromethane (1:1 v/v). The 

petroleum ether: dichloromethane fraction and the defatted GLE kept 

at 4°C until use for phytochemical analysis. 

 

Bio-synthesis of AgNPs and characterization of biosynthesized AgNPs 

Silver nitrate (AgNO3, Merck) were prepared by the reduction of 10 

mL of aqueous AgNO3 solution (1 mM) with different concentration 

of GLE at room temperature. The mixture was hand shaken and 

allowed to stand in the dark at room temperature. To study the effect 

of extract quantity on Ag NPs synthesis, the quantity was varied from 

100 µL to 500 µL per 10 mL of silver nitrate solution (1 mM). The 

concentration of the AgNO3 was still constant over the process (1mM), 

while the extract concentration changed, to investigate its effect upon 

the reduction, size of the biosynthesized nanoparticles. The obtained 

nanoparticle solution was purified by repeated centrifugation at 10,000 

rpm for 20 min followed by re-dispersion of the pellet in deionized 

water. This process was repeated twice to isolate the pure AgNPs and 

exclude the presence of any unbound plant extract residue. The UV-

vis spectra measurements were recorded using UV-2401 (PC) S, UV-

Vis recording spectrophotometer (Shimadzu, Japan). The shape and 

sizes of the prepared samples were performed using transmission 

electron microscope (TEM) (JEOL-JEM-1011, Japan). The different 

kinds of the prepared AgNPs functional groups were characterized by 

using Fourier-transform infrared spectrometer ( FTIR 4100 JASCO, 

Japan) in the range of 4000–400 cm
-1

.
17 

 

 
In vitro anticancer assay 

Human tumor cell lines; epidermal carcinoma of liver (HepG2), larynx 

(Hep2), colon (HCT116) and breast (MCF7) as well as normal human 

melanocytes (HFB-4) were obtained from the American Type Culture 

Collection (ATCC, Minisota, U.S.A.). The cell lines were maintained 

at the National Cancer Institute, Cairo, Egypt, by serial sub-culturing. 

The samples were prepared by dissolving Stock solution in 

dimethylsulfoxide (DMSO) at a concentration 100 mM and stored at -

20
o
C. Their cytotoxic activities were carried out using SRB 

(Sulphorhodamine-B) assay following the method reported by Vichai 

and Kirtikara. 
18

 The relation between surviving fraction and samples 

concentration was plotted to obtain the survival curve of each tumor 

cell line as compared with Doxorubcin; the control anticancer drug. 

 

In vitro antiviral assay 

Madin-Darby Canine Kidney (MDCK) cells were obtained from the 

center of scientific excellence for influenza viruses, National Research 

Centre. The used highly pathogenic avian influenza (HPAI) virus 

A/Chicken/Egypt/M7217B/2013 (H5N1) was isolated in 2013 from 

the infected chickens in Egypt. The samples cytotoxic activities were 

tested in MDCK cells by using the MTT method, 
19

 the % cytotoxicity 

compared to the untreated cells was determined with the following 

equation: % Cytotoxicity= [(Abs of cell without treatment-Abs of cell 

with treatment)/Abs of cell without treatment] x 100, Abs: 

Absorbance (nm). Plaque reduction assay was used to determine the 

antiviral activity for GLE and AgNPs at safe concentrations. 
20

  

 

Phytochemical analysis 

Acid hydrolysis and paper chromatography 

The acid hydrolysis of 100 mg of the defatted GLE was achieved and 

investigated using paper chromatography for the ethyl acetate fraction 

to detect aglycones and the aqueous fraction to detect sugars, 

comparing with authentic samples.
21

  

 

GC/MS analysis  

The GC-MS system was equipped with (gas chromatography; Agilent 

7890B) and (mass spectrometer detector; 5977A) at Central 

Laboratories Network, National Research Centre, Cairo, Egypt. The 

GC/MS assay of the petroleum ether/dichloromethane fraction was 

investigated by previously described method.
22

 Different components 

were identified by the comparing the fragmentation patterns of MS 

spectrum with those stored in (Wiley Int. USA; NIST: Nat. Inst. St. 

Technol., USA), and/or the previous published data. 

 

HPLC-ESI-MS/MS analysis 

The defatted GLE was analyzed using HPLC-ESI-MS system; 

Thermofinnigan (Thermo electron Corporation, USA) coupled with 

ion trap mass spectrometer LCQ-Duo with an ESI source 

(ThermoQuest) according to the reported method.
23 

 

Statistical analysis 

The values are presented as the mean ± standard error. Results were 

analyzed by one-way analysis of variance. When significant treatment 

effects were detected, Dunken-test was performed to make pair wise 

comparisons between individual means. Statistical analysis software 

SPSS 16.0 (International Business Machines, Armonk, NY, USA) was 

used to conduct statistical analyses. P ≤ 0.05 was considered a 

statistically significant difference. 

 

Results and Discussion 

Characterization of biosynthesized AgNPs 

UV-vis spectroscopic studies of the biosynthesized AgNPs 

The surface plasmon resonance (SPR) band of the prepared AgNPs at 

the solution was formed and determined at wavelength 445-456 nm. 

As well as the evident for the development of AgNPs at the solution 

was described with the brilliant colors of dispersions AgNPs and the 

form of the yellowish brown color of the prepared solution. Also, the 

UV-vis spectra of the prepared AgNPs by mixing different 

concentration of GLE to definite volume of constant concentration 

from silver nitrate solution were demonstrated (Figure 1). It was 

noticed that as the increasing of G. lotoides concentration, the 

intensity of the SPR band increased and more Ag
+
 ions are reduced to 

AgNPs.
24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The SPR band of AgNPs recorded by UV-VIS 

spectra as a function of varying addition of GLE. 
 

 

TEM studies of the bio-synthesized AgNPs 

The prepared AgNPs shape and size were evaluated using the HRTEM 

technique (Fig. 2 A-D), which reflects the image of the particle 

scattering for the prepared AgNPs in the solution and the capping 

action of the GLE in the preparation process. The selected images of 

TEM illustrated that, the spherical and separated AgNPs with a 

significant variation in particle size between 5-50 nm (Figures 2A-D). 

As well as, the excess Ag
+
 ions in the solution lead to the growth of 

the aggregation of Ag clusters structure (Figure 2A). 

 

FTIR spectroscopic studies 

The phytochemical reports of G. lotoides comprises of a complex 

mixture of phytochemicals such as sterols, flavonol-O-glycosides, C-
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glycosyl flavonoids, phenolic acids, saponins and triterpenoids.
14-16

 

Besides, other members of the genus Glinus are rich with other 

constituents containing amino and hydroxyl groups.
25, 26

 As well as, 

many articles recognized the reduction of the metal NPs to the 

existence of such functional groups. Consequently, the FTIR is a 

sensitive technique for decisive the functional groups responsible for 

the reduction of Ag NPs. FTIR spectrum of GLE exhibit a broad 

different IR peaks spread over the spectral range (3684−696 cm
-1

) 

(Figure 3). The IR signal at 3395 cm
-1

 was assigned to the stretching 

vibration of (–OH) group that confirmed by CO appeared at 1075 cm
-

1
. The broadening vibration of (-CH) group at 2929 cm

-1
 of alkane was 

confirmed by the bending vibration of (–CH3) located at 1383 cm
-1

. 

Whereas the vibrational peaks at 1710 and 1619 cm
-1

 was due to the 

elongating vibration of aromatic (-C=O) and (–C=C) present in 

conjugation, respectively. The vibrational out-of-plane (oop) bending 

occurs at 669 cm
-1 

was assigned to the aromatic (–CH). After the 

interaction with AgNO3, several noticeable changes on FTIR spectrum 

of GLE+Ag
+
 were remarked. The (–OH) band was become more sharp 

and shifted to 3463 cm
-1 

and the appearance of (–CO) bending become 

weak or obscured and slightly shifted to 1131 cm
-1

. A new stretching 

vibration group appeared at small split at 3354 cm
-1 

was assigned to 

amino group (-NH) present in protein. On the other hand, the 

stretching vibration of (–CH) group sharped and shifted at 2919 cm
-1

 

and the bending vibration of (–CH3) shifted to 1409 cm
-1

. While, the 

keto group was disappeared but, the sp
2
 carbon (C=C) stretch of 

aromatic split into two peaks and shifted into 1638 cm
-1

 and 1631 cm
-

1
.
17, 24, 27

 These spectroscopic results described the reducing power of 

hydroxyl and amino groups present within the GLE and caused 

obvious shifts in the peaks frequencies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The TEM images of plant stabilized Ag 

nanoparticles at 300 µL. 

In vitro cytotoxic activity of GLE and AgNPs 

The GLE exhibited antiproliferative activity against the cell lines: 

HepG2, HCT116, MCF7 and Hep2 with IC50 25.4, 26.1, 30, and 

50µg/mL, respectively (Table 1). These activities could be ascribed to 

the existence of its fatty acids and/or phenolics. AgNPs was 

investigated against HepG2 and HCT116 cell lines which gave the 

highest antiproliferative activity and it was noticed that there is no 

remarkable change in its activity about IC50 24.3 and 26.4, 

respectively. In addition, the AgNPs has no cytotoxic activity against 

normal human melanocytes (HFB-4). The American National Cancer 

Institute assigns a significant cytotoxic effect of extract for future bio 

guided studies if it exerts an IC50 value <30 µg/mL.
28

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: FTIR spectrum of GLE_AgNPs as compared with 

that of GLE. 

 

 
In vitro antiviral activity of GLE and AgNPs 

The obtained results exhibited that the GLE_AgNPs was more 

effective (60% virus inhibition) than GLE (26.5% virus inhibition) at 

100 μg/μL. This activity may be attributed to the effective interactions 

of viruses with metal nanoparticles. Since the metal nanoparticles 

showed promising antiviral agents against HIV-1, respiratory syncytial 

virus, hepatitis B virus, herpes simplex virus; type 1 and influenza 

virus.
29

 The constituent functional groups of plant extract play an 

important role on both the remarkable viral inhibition results and the 

reduction of Ag
+
 to Ag

0
 as stabilizing and capping agents.

30
 As the 

functional groups increased, the rate of reduction process becomes 

faster and vice versa. Moreover, the size, the flow rate and penetration 

of nanoparticles to the target cells and the route of administration must 

be taken into account during the designed to generate optimal 

therapeutic effects. 

On the other hand, the potential of anti-viral candidates based on plant 

extracts can be explained as (i) blocking viral entry, (ii) disrupting the 

viral replication, transcription and translation, (iii) impeding the 

nuclear export of NP, (iv) targeting at viral assembly, packing and 

budding and (v) host response (i.e. innate immune response and the 

adaptation). In addition, the second mechanism showed the reduction 

of the influenza-associated complications via synergism between the 

multiple drug combinations.
31

 Therefore, the observed significant 

antiviral results of GLE could be back to their phytoconstituents, and 

so, it subjected to the phytochemical studies.  

 
Phytochemical analysis 

Acid hydrolysis 

The paper chromatography (PC) of the ethyl acetate fraction gave five 

spots with the color reaction and Rf values as kaempferol, quercetin 

and isorhamnetin (as major aglycones, CO-PC, UV and 
1
HNMR) as 

well as myricetin and diosmetin (as minor aglycones, CO-PC). In 

addition to, other two deep purple spots (unchanged after hydrolysis) 

indicated the C-glycoside structure and have PC properties as 

isoorientin and luteolin 6, 8 di-C-glucoside. 
32,33

 Glucose (major) and 

xylose (trace) were detected as sugar moieties in the aqueous extract.
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Table 1: Effect of GLE and GLE_AgNPs on the % viability of different cell lines and their IC50 

Cell line Sample 
Concentration (ug/mL) 

     IC50 0         5     12.5        25        50 

HEPG-2 GLE 100  ±  0.00
a
 85.8 ± 0.36

b
 61.9 ± 0.41

c
 46.8 ± 0.47

d
 49.8 ± 0.28

e
 25.4 ± 0.47 

GLE_AgNPs 100 ± 0.00
a
 88.9 ± 0.408

b
 75.6 ± 0.31

c
 48.9 ± 0.40

d
 40 ± 0.55

e
 24.3 ± 0.37 

Doxorubcin 100 ± 0.00
a
 41.9 ± 0.23

b
 35.5 ± 0.31

c
 33.8 ± 0.53

d
 27.6 ± 0.30

e
 4.28 ± 0.30 

HCT-116 GLE 100 ± 0.00
a
 80.8 ± 0.70

b
 65.6 ± 0.46

c
 51.2 ± 0.42

d
 36.4 ± 0.44

e
 26.1 ± 0.44 

GLE_AgNPs 100 ± 0.00
a
 88.42 ± 0.23

b
 76.69 ± 0.14

c
 48.16 ± 0.32

c
 34.17 ± 0.32

e
 26.4 ± 0.27 

Doxorubcin 100 ± 0.00
a
 35.38 ± 0.37

b
 27.8 ± 0.60

c
 24.41 ± 0.49

d
 27.77 ± 0.70

c
 3.73 ± 0.45 

MCF-7 GLE 100 ± 0.00
a
 77.4 ± 0.32

b
 73.9 ± 0.21

c
 55.2 ± 0.39

d
 30.4 ± 0.30

e
 30 ± 40 

Doxorubcin 100 ± 0.00
a
 46.6 ± 0.21

b
 46.4 ± 0.43

b
 42.3 ± 0.36

c
 43.9 ± 0.17

d
 4.43 ± 0.28 

HEP-2 GLE 100 ± 0.00
a
 90.9 ± 0.208

b
 83.2 ± 0.345

c
 81.8 ± 0.15

d
 50 ± 0.38

e
 50 ± 0.46 

Doxorubcin 100 ± 0.00
a
 34.32 ± 0.33

b
 28.69 ± 0.164

c
 22.17 ± 0.36

d
 27.1 ± 0.313

e
 3.73 ± 0.35 

HFB-4 (normal ) GLE_AgNPs 100 ± 0.00
a
 92 ± 0.33

b
 89.6 ± 0.37

c
 69.4 ± 0.51

d
 53.5 ± 0.27

e
 >70 ± 0.54 

Data are represented as mean ± SD,   n = 3, Mean values in the same column bearing the same superscript do not differ significantly (P ≤ 0.05)

GC/MS analysis 

Phytochemical investigation of the petroleum ether/dichloromethane 

fraction of G. lotoides was analyzed using GC/MS investigation and 

revealed the identification of 33 compounds amounting for 82.20% of 

the total matter (Table 2). The detected classes were saturated fatty 

acids (44.68%), unsaturated fatty acid (13.88%), fatty acid ester 

(8.42%), sterol (4.59%) and other compounds belonging to different 

classes (10.63%).  n-Hexadecanoic acid (palmitic acid) constitutes the 

major percentage 36.02% followed by cis-11-Octadecenoic acid (cis-

Vaccenic acid) 6.01% which is one of the double-bond positional 

isomers of oleic acid and trans-9, 12-Octadecadienoic acid (trans- 

linoleic acid) 5.14%.  

 
 

Table 2: Results of GC/MS analysis of the petroleum ether/dichloromethane fraction of G. lotoides 

No. Compounds Rt Rrt BP M+ 
Molecular 

formula 

Area 

% 

1 Phenyl -propanedioic acid 9.76 0.45 91 180 C9H8O4 0.35 

2 Dodecanoic acid (lauric acid) 15.28 0.706 73 200 C12H24O2 0.69 

3 trans-13-octadecenoic acid 15.71 0.725 55 282 C18H34O2 0.42 

4 cis-9-Hexadecenoic acid (Palmitoleic acid) 17.11 0.79 55 254 C16H30O2 0.7 

5 2-Cyclohexen-1-one,4-(3-hydroxybutyl)-3,5,5-trimethyl- 17.64 0.814 135 210 C13H22O2 0.73 

6 Dihydroxanthin 18.28 0.844 178 308 C17H24O5 0.73 

7 Tetradecanoic acid (Myristic acid) 18.46 0.852 73 228 C14H28O2 2.32 

8 Phytol, acetate 19.52 0.901 68 278 C22H42O2 0.71 

9 6,10,14-trimethyl- 2-Pentadecanone 19.61 0.905 58 250 C18H36O 0.91 

10 Pentadecanoic acid 19.89 9.18 73 242 C15H30O2 0.96 

11 Phthalic acid, butyl tetradecyl ester 19.99 0.923 149 418 C26H42O4 0.44 

12 Methyl 11-(3-pentyl-2-oxiranyl)-undecanoate.(3-Pentyl -trans- 

oxiraneundecanoic acid methyl ester) 
20.57 0.95 55 312 C19H36O3 0.27 

13 2-Hexadecanol 20.62 0.952 55 242 C16H34O 0.19 

14 Hexadecanoic acid methyl ester (Palmitic acid, methyl ester) 20.78 0.959 74 270 C17H34O2 4.83 

15 cis -9-Octadecenoic acid (cis -Oleic acid) 21.08 0.973 55 294 C18H34O2 0.93 

16 n-Hexadecanoic acid (Palmitic acid) 21.32 1 73 256 C16H32O2 36.02 

17 Heptadecanoic acid (Margaric acid) 22.7 1.048 73 270 C17H34O2 0.65 

18 cis-9,12-Octadecadienoic acid (linoleic acid) 23.07 1.065 67 292 C18H32O2 0.68 

19 10-Octadecenoic acid, methyl ester 23.15 1.069 55 296 C19H36O2 1.55 

20 16-Methyl -heptadecanoic acid methyl ester (Methyl isostearate) 23.48 1.084 74 298 C19H38O2 0.85 

21 trans, 9,12-Octadecadienoic acid  (trans - linoleic acid) 23.73 1.096 67 280 C18H32O2 5.14 

22 cis-11-Octadecenoic acid (cis-Vaccenic acid) 23.81 1.099 55 282 C18H34O2 6.01 

23 Octadecanoic acid (Stearic acid) 24.08 1.112 73 284 C18H36O2 4.04 

24 cis-3-octyl-Oxiraneoctanoic acid (cis-9,10-Epoxyoctadecanoic acid) 24.573 1.121 55 298 C18H34O3 0.15 

25 trans- 9,12-Octadecadienoic acid  ethyl ester (Ethyl linolelaidate). 24.774 1.144 67 308 C20H36O2 0.92 

26 1-Heptatriacotanol 25.952 1.189 43 536 C37H76O 0.24 

27 7-Methyl-Z-tetradecen-1-ol- acetate 26.302 1.214 99 268 C17H32O2 0.81 

28 Di-isooctyl phthalate 28.51 1.316 149 390 C24H38O4 4.96 

29 3β -Stigmast-5-en-3-ol 32.962 1.522 207 414 C29H50O 0.57 

30 9,19-Cyclochloestene-3,7-diol, 4,14-dimethyl-, 3-acetate 33.82 1.562 394 472 C31H52O3 1.13 

31 Cholest-5-en-3-ol (3β) 34.249 1.581 207 386 C27H46O 0.72 

32 Ethyl iso-allocholate 35.314 1.631 207 436 C26H44O 0.41 

33 Stigmasterol 35.669 1.647 57 412 C29H48O 2.17 

 
Total identified mater 

     
82.20 

 
Non identified 

     
17.80 
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The GC/MS investigation detected some active constituents which are 

responsible for many biological activities including cytotoxic and 

antiviral effects. Fatty acids have a potent impact on the health status;   

it is involved in different biological processes as cell membrane 

structure and immune responses. It was reported that administration of 

fatty acids in mammals improves the resistance to bacterial and viral 

pathogens through decreasing the microbial loads. 
34-37

 n-

Hexadecanoic acid; the highest percentage in the constituents of the 

petroleum ether/dichloromethane fraction (36.02%, palmitic acid) is 

also the common fatty acid found in  many plant species
38

 and 

exhibited selectively towards proliferation of human fibroblast cells 

through inhibition of  DNA topoisomerase-I 
39

.It  was also  reported 

earlier for its antioxidant, anti-inflammatory effects, pesticide and 

other activities. 
40,41

 trans, 9, 12-Octadecadienoic acid (trans- linoleic 

acid) was reported to have anti-carcinogenic, diabetic, atherogenic and 

lean body mass-enhancing properties.
42

  Also, palmitic acid methyl 

ester (4.83%) has antifungal and antibacterial activities. 
43

 

Additionally, octadecanoic acid (stearic acid) acts as 5-α reductase 

inhibitor, hypo cholesterolemic and softening agent. So most of the 

constituents of the petroleumether/dichloromethane fraction were 

reported for various biological activities which might be improve the 

traditional medicines of the plant.  

 

HPLC-ESI-MS/MS analysis  

HPLC-ESI-MS/MS analysis (full scan and product ion scan mode) has 

providing complete structural information and effectively directed to 

the characterization and identification of 30 metabolites, including 21 

flavonoids (Table 3 and Figure 4). 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Base peak chromatogram of the defatted GLE. 
 

 

Peak (1) was tentatively characterized as galloyl phthalic acid. This 

assignment is based on its [M-H]
-
 ion (m/z 317) and released 

fragments at m/z 165 and m/z 121 represented to the phthalic moiety 

structure. It may be involved and connected with galloyl moiety which 

categorized with the other fragments at m/z 169, 153 and 125.
44, 45

 

Furthermore, peak (2) exposed an [M-H]
-
 ion at m/z 290 and 

fragmented to m/z 272, 199, 133 and 115, these fragmentations pattern 

were similar to a malic acid derivative. Peak (3) showed a molecular 

ion (m/z 175) and product ions (m/z 157, 131, 115) similar to ascorbic 

acid which was identified previously in the leaves of G. lotoides.
45

 

Based on the MS data and previous literature, peak (4) (m/z 321) is 

assigned as digallic acid
46

 and peak 5 (m/z 305) is tentatively 

identified as gallocatechin.
23

 Peak (6) showed a molecular ion [M-H]
-
 

at m/z 289 and yielding a fragment at m/z 221 and is identified as 

catechin which was identified before in the leaves of G. lotoides. 
47

 On 

the basis of acid hydrolysis, the tri-O-glucosides of quercetin (m/z 

301) and kaempferol (m/z 285) were shown in peak (7) and (8) with 

[M-H]
-
 ions at m/z 787 and 771, respectively. Their tentative 

identification was confirmed by loss of one glucose moiety assigned at 

(m/z 625 and 609), and then loss of the two other glucose moieties 

revealed the quercetin and kaempferol ions. 
48

 Peaks (9) and (20) with 

molecular ions at m/z 609 and 447 are showed fragmentations pattern 

of C-hexosyl flavone structure, confirmed by the loss of (-90 amu) and 

(-120 amu).
49

 Compound (9) exhibited fragment ions at m/z 489 [M-

120-H]
-
, and m/z 519 [M-90-H]

-
, while compound (20) at m/z 327 [M-

120-H]
-
 and m/z 357 [M-90-H]. Respectively, they were assigned as 

luteolin 6,8-di-C-glucoside and luteolin 6-C-glucoside (isoorientin), 

maintained by CO-PC after acid hydrolysis. 
32

 Compound (10) showed 

[M-H]
- 
ion at m/z 977 and gave a fragment ion at m/z 801 [M-H-176]

-
, 

after loss of either acyl moiety (feruloyl) or glycosyl moiety 

(glucuronoic acid or galacturonic acid). Herein the substitution group 

is feruloyl one, confirmed by the presence of an additional fragment 

ion at m/z 787 [M-H-(feruloyl+CH2)]
- 
, loss of 14 Da higher than the 

loss of the acyl group, matching to the loss of the acyl neglected of the 

methyl group.
49

 Other fragments were observed at m/z 639 [M-H-

feruloyl glucoside]
-
 and 315 [M-H-feruloyl tri-glucoside]

-
, confirmed 

by loss of one glucose moiety, then loss of two other glucose moieties, 

suggested the tentative identification of isorhamnetin feruloyl tri-O-

glucoside. Peaks (11 and 15) at [M-H]
- 
ions (m/z 963 and 947) showed 

typical fragments of  compounds 7 and 8  (m/z 787 and 771) [M-H-

176]
-
 , respectively, with an extra 176 amu, suggestive for the 

substitution with feruloyl moiety confirming by the presence of 

fragment ions at  m/z  773 and 757 [M-H-(acyl+14)]
-
 for 11, 15, 

respectively.
49

 Therefore, 11 and 15 were considered as feruloyl tri-O-

glucoside of quercetin and kaempferol. 
50

 Peaks (12) and (13) at m/z 

947 and 949 have the same substitution of diosmetin and quercetin, 

respectively (evidence by acid hydrolysis). They gave fragment ions at 

m/z 785 and 787 [M-H-162]
-
, after loss of a caffeoyl moiety. Other 

fragment was observed at m/z 341 [caffeoyl glucoside-H]
-
confirmed 

its attachment to the same OH group and the two other diglucose 

moiety to other OH group of the aglycone. Thus (12) and (13) were 

tentatively identified as diosmetin-O-caffeoyl glucoside-O-diglucoside 

and quercetin-O-caffeoyl glucoside-O-diglucoside, 
49

 respectively. 

Peak (14) at m/z 949 gave fragment ions at m/z 803 [M-H-146]
-
, after 

loss of a coumaroyl moiety and m/z 625 by losing the glucose unit. 

Other fragment was observed at m/z 317 after loss of a diglucoside 

residue and corresponding to a myricetin aglycone, therefore 

compound (14) was tentatively identified as myricetin-O-

coumaroylglucoside-O-diglucoside.
49

 Compound (16) showed a 

molecular ion peak at m/z 163 [M-H]
-
 and a product ion m/z 119 after 

the loss of CO2 residue, indicating the presence of coumaric acid 

structure. Peak (17) at m/z 801 [M-H]
- 
gave

 
fragments at m/z 639

 
[M-
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H-caffeoyl]
- 

and m/z 315
 
[M-H-caffeoyl diglucoside]

- 
suggested the 

characterization of isorhamnetin O-caffeoyl diglucoside. The 

identification was supported by the occurrence of a fragment at m/z 

503 which represented as a caffeoyl diglucoside residue. Compounds 

(18 and 19) at m/z 801 and 785 seemed likely those derivatives of (11 

and 15) lacking the-O-glucosyl substitution. Thus, they were 

characterized as feruloyl di-O-glucoside of quercetin and kaempferol, 

respectively. Likewise, compound 32 (m/z 623) is a feruloyl mono 

glycoside of kaempferol and showed product ions at 433 [M-H-

(feruloyl+14)]
-
 and 285 [kaempferol-H]

-
. Peaks (21) at m/z 963 gave 

fragment ions at m/z 639 [M-H-324]
-
 and 625 [M-H-338], after loss of 

a caffeoyl moiety and feruloyl hexoside. Other fragment was observed 

at m/z 341 [caffeoyl glucoside-H]
- 
and m/z 355 [feruloyl glucoside-H]

-
, 

confirmed that caffeoyl glucoside and feruloyl glucoside were 

attached to two different hydroxyl group of the aglycone. In addition 

to, a fragment at m/z 301, suggested the quercetin aglycone.  Thus (21) 

was tentatively identified as quercetin-O-caffeoyl glucoside-O-

feruloyl glucoside. Peak (22) has similar molecular ion peak and 

fragmentation patterns of compound (18), suggested that (22) is 

another isomer of quercetin feruloyl tri-O-glucoside.  Peak (23) (m/z 

595) with MS fragments at m/z 433 (loss of 162) and 301 (loss of 

132), suggesting that it might be a quercetin diglycoside containing 

glucose and xylose moieties (evidence by acid hydrolysis). No MS 

fragment was detected at m/z 463 which established that both sugar 

moieties were linked to the same phenolic hydroxyl as a disaccharide 

residue. Moreover, the presence of m/z 433 (loss of glucose) then at 

301 (loss of xylose) could be suggested that the glucose moiety is in a 

terminal position, while the xylose one is directly attached to the 

aglycone (glucosyl xyloside).
51

  Therefore, peak 23 was tentatively 

identified as O-glucosyl xyloside of quercetin. A flavonol mono 

glucoside was shown in the MS of peak 27 (m/z 479) and produce a 

fragment ion at m/z 317, after the loss of glucose moiety, supporting 

the existence of myricetin O-glucoside. Peaks (29, 30 and 31) revealed 

molecular ion peaks at m/z (317, 301 and 299) and were corresponding 

to myricetin, quercetin and diosmetin, respectively, confirmed by the 

acid hydrolysis. In accordance with reported literature, peak (24) was 

tentatively identified as tetrahydroxy-octadecenoic acid, 
52 

while peak 

(25) was suggested to be trihydroxyoctadecenoic acid.
53 

Table 3: Chemical composition of defatted GLE using LC-MS/MS 

No. tR(min) [M-H]
-  

m/z fragments [Ms
2
] Tentatively identified compound 

1 0.93 317 169,165, 153, 125, 121 Galloyl phthalic acid  

2 1.73 290 272, 199, 133, 115 Malic acid derivative 

3 2.86 175 157, 131, 115, 85 Ascorbic acid  

4 3.03 321 169, 97 Digallic acid 

5 4.15 305 287, 225, 169, 97 Gallocatechin  

6 11.22 289 289, 245, 221, 97 Catechin 

7 12.18 787 625, 301 Quercetin-tri-O-glucoside  

8 13.69 771 609, 285 Kaempferol-tri-O-glucoside 

9 19.84 609 519, 489, 447, 327, 285 Luteolin 6,8 -di-C-glucoside* 

10 23.15 977 801, 787, 639, 315 Isorhamnetin O-feruloyl tri-glucoside  

11 23.79 963 787, 773, 625, 301 Quercetin O-feruloyl tri-glucoside 

12 24.14  947 785, 623, 341, 299 Diosmetin O-caffeoyl glucoside-O-diglucoside 

13 25.13 949 787,625, 341,301, 299 Quercetin O-caffeoyl glucoside-O-diglucoside 

14 25.47 949 803, 641,625 , 325, 317 Myricetin O-coumaroyl glucoside-O-diglucoside 

15 25.89 947 771,757, 609, 285 kaempferol O- feruloyl tri-glucoside 

16 30.84 163 119 Coumaric acid 

17 33.93 801 639, 503, 315 Isorhamnetin O-caffeoyl diglucoside 

18 35.05 801 625, 611, 301 Quercetin O- feruloyl di-glucoside 

19 37.27 785 623, 609, 461, 447, 285 Kaempferol O- feruloyl di-glucoside 

20 38.37 447 357, 327 Luteolin 6-C-glucoside (isoorientin)* 

21 40.38 963 639, 625, 355, 341, 301 Quercetin O-caffeoyl glucoside-O-feruloyl glucoside 

22 41.41 963 801, 787, 625,301 Quercetin O-feruloyl triglucoside  

23 43.99 595 433, 301, 300, 299 Quercetin O-glucosyl xyloside 

24 54.09 345 327, 309, 301, 225 Tetrahydroxy-octadecenoic acid 

25 55.98 329 329, 311, 229, 301 Trihydroxy-octadecenoic acid 

26 58.92 555 343,129 NI 

27 59.25 479 317, 299, 256, 243, 225 Myricetin O-glucoside  

28 60.03 317 299 NI 

29 60.3 317 299, 258, 243 Myricetin* 

30 61.1 301 300,299,225 Quercetin* 

31 61.49 299 285, 225 Diosmetin*  

32 64.65 623 623, 433, 285 Kaempferol-O- feruloyl glucoside 

    *; Reference samples, NI; Non Identified.

 

 

Conclusions 

This study is paying attention to the possibility for synthesizing 

AgNPs using natural biomolecules via a simple and eco-friendly green 

approach which could be used in pharmaceutical industry. AgNPs 

synthesized from G. lotoides showed a significant antiviral activity. 

Additionally, the studying of the chemical contents of G. lotoides; an 

important edible plant; revealed the detection and characterization of 

around sixty metabolites for the first time. 
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