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Parkinsonia aculeata L. growing in Saudi Arabia was investigated for its phytochemical profile, antioxi-
dant, and cytotoxic properties. UPLC-ESI-MS/MS was employed as a powerful technique for the charac-
terization of secondary metabolites from a hydroalcoholic extract, dichloromethane, and ethyl acetate
fractions of P. aculeata L. aerial parts. Sixty-nine compounds (flavonoids, anthocyanins, phenolics and
fatty acids) were detected and characterized; flavonoids were the abundant components in the analyzed
samples. The dichloromethane fraction was rich in phenolics as vanillic acid hexoside, flavonols as 3,7-
dimthylquercetin, and flavones as 30-hydroxymelanettin. However, the ethyl acetate fraction was rich
in flavonoid-C-glycosides as luteolin-8-C-b-D-glucoside (orientin) and apigenin-8-C-glucoside (vitexin),
flavonoid- O, C-diglycosides such as luteolin 7-O-[60 ’-dihydrogalloyl]-glucosyl-8-C-pentosyl-(1? 2)-
glucoside and 20’-O-rhamnosyl isoorientin. These compounds were identified for the first time in dichlor-
omethane and ethyl acetate fractions of Saudi P. aculeata L.
Additionally, all the samples were assessed for antioxidant activity using DPPH radical scavenging

method and for cytotoxic activity through MTT assay. Accordingly, the most active fraction was the ethyl
acetate which showed the highest antioxidant activity (SC50 = 57.4 ± 1.2 lg/mL) compared with the pos-
itive control, ascorbic acid (SC50 = 12.4 ± 0.5 lg/mL) and moderate cytotoxicity against HepG-2 (hepato-
cellular carcinoma) and MCF-7 (breast carcinoma) cell lines with IC50 = 56.9 ± 3.1 and 95.8 ± 3.8 lg/mL,
respectively compared with cisplatin (IC50 = 3.67 ± 0.22 and 5.71 ± 0.57 lg/mL, respectively for both cell
lines). The antioxidant and cytotoxic activities may be attributed to the presence of high percentage of
phenolic compounds and hydroxylated flavonoids detected in ethyl acetate fraction using UPLS-ESI-
MS/MS.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Parkinsonia aculeata L. belongs to family Fabaceae, which is the
third-largest family of the flowering plants. This family played an
essential role in human culture. It contains many useful plants like
vegetables, crops, woody, and medicinal plants. P. aculeata is a
large spiny shrub or a small tree that reaches more than 4 m in
height. This plant is grown for its fragrant and elegant yellow flow-
ers (Fadl et al., 2015; Shaiq Ali et al., 2005). Moreover, it has an
incredible ability to survive and grow under variable environmen-
tal conditions and on different soils (Van Klinken et al., 2009). Sur-
vey of the genus Parkinsonia revealed the presence of variable
classes of compounds such as flavones, flavanones, flavone C-
glycoside, alkaloids, sterols, tannins, terpenoids, glycerols, carote-
noids, saponins, carbohydrates, free amino and fatty acids
(Hassan et al., 2019; Sharma et al., 2014).

P. aculeata L. has several reported health merits e.g., antioxi-
dant, hypoglycemic (aqueous fraction of aerial part and bark), hep-
atoprotective (leaves extract), antispermatogenic (ethanolic
extract of stem bark), antimalarial (flowers and leaves), amoebici-
dal, smooth muscle stimulant, analgesic, anti-inflammatory,
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antipyretic (total alcoholic and aqueous extract of leaves) activities
((Sharma et al., 2014; Gupta et al., 2011; Saha et al., 2011). Orally,
the hot aqueous extract of its leaves can be used in pregnant
women as an abortifacient agent (Gupta et al., 2011). Reported
antimicrobial activity of leaf, stem and flower of P. aculeata may
be caused by alkaloids, while dried aerial parts and dried stem
bark’s antimicrobial activity may be attributed to the presence of
b-amyrin, palmitic acid, b- amyrenone, b- sitosterol, b- sitoeryl-
b-D-glucoside, glycerol b-butanoate and daucosterol. However,
dried seeds’ antimicrobial activity was due to the existence of L-
dopa and trytophan amino acid (Gupta et al., 2011). Few kinds of
research were carried out on the aerial parts of P. aculeata L. grow-
ing in Saudi Arabia such as the antimicrobial activity of its essential
oil and the chemical composition and biological activities of its
aqueous fraction (Al-Youssef and Hassan, 2015; Hassan et al.,
2019). Our previous results showed that aqueous fraction of P. acu-
leata L. growing in Saudi Arabia had forty tentatively identified
compounds and showed a significant antioxidant activity. How-
ever, the chemical composition of the total hydroalcoholic extract,
dichloromethane and ethyl acetate fractions were not investigated.
Therefore, in the present study, the chemical composition of the
total hydroalcoholic extract (PAT), dichloromethane (PAD) and
ethyl acetate (PAE) fractions were inspected for the first time by
UPLC-ESI-MS/MS to determine their constituents. Sixty-nine flavo-
noids and phenolic compounds were identified, for the first time in
this plant. In addition, the DPPH scavenging and anticancer activi-
ties against hepatic (HepG-2) and breast (MCF-7) cell lines were
investigated. It seems that the pharmacological activities of natural
products have a significant correlation with bioactive compounds
contents and the chemical composition in plants. Therefore, the
aims of the present study were (i) to explore the phytochemical
profile using UPLC coupled with ESI-MS/MS detection, (ii) to find
out the antioxidant and anticancer activities of PAD, PAE and
PAT; and (iii) to predict the components responsible for antioxi-
dant and anticancer activities.
2. Materials and methods

2.1. Plant materials

The aerial parts of P. aculeata L. were collected in 2013 from the
Diriyah region, Riyadh city, Saudi Arabia. The plant was verified by
Prof Dr. Jakob Thomas; College of Science, KSU and Prof Dr. Husain
Abdel Basset, professor of Taxonomy, Faculty of Science, Zagazig
University, Egypt. A voucher specimen (#PA-513) was prepared
and deposited at the herbarium in the Department of Pharmacog-
nosy, Faculty of Pharmacy, Zagazig University. P. aculeata aerial
parts were air-dried and ground into coarse particles until use.

2.2. Preparation of extract

Air-dried powdered aerial parts of P. aculeata (800 g) were
extracted by ethanol (90%, 7 L) at room temperature till complete
exhaustion. The extract was evaporated under vacuum to yield
111 g total ethanolic residue (PAT). PAT was suspended in a metha-
nol–water mixture (1:9, 300 ml) and successively partitioned
against light petroleum, dichloromethane and ethyl acetate to give
10 g, 4 g and 7 g of light petroleum, dichloromethane (PAD) and
ethyl acetate (PAE) fractions respectively.

2.3. UPLC- ESI- MS/MS analysis

Ultra-performance liquid chromatography with electrospray
ionization quadrupole-linear ion trap-tandem mass spectrometry
analysis, performed on ESI-MS negative ion acquisition mode,
was done on a XEVO TQD triple quadruple instrument. The total
hydroalcoholic extract (PAT), dichloromethane (PAD) and ethyl
acetate (PAE) fractions of P. aculeata L. were analyzed by UPLC, in
order to acquire chromatographic profiles. HPLC grade methanol
was used to dissolve the samples using membrane disc filter
(0.2 lm) for filtration, and concentration of the resulting solutions
was 100 lg/mL using HPLC grade methanol, then subjected to LC-
ESI-MS analysis. The UPLC system was a mass spectrometer,
Waters Corporation, Milford, USA. The reverse-phase separations
were performed (ACQUITY UPLC BEH C18 Column, 1.7 lm–
2.1 � 50 mm; 50 mm � 1.2 mm inner diameter; 1.7 lm particle
size) at 0.2 m/mL flow rate. A previously reported gradient pro-
gram was applied for the analysis (Hassan et al., 2019).

The mobile phase consisted of acidified water containing 0.1%
formic acid (A) and acidified methanol containing 0.1% formic acid
(B). The employed elution conditions were as follows: 0–2 min,
isocratic elution at 10% B; 2–5 min, linear gradient from 10 to
30% B; 5–15 min, linear gradient from 30% to 70% B; 15–22 min,
linear gradient from 70% to 90% B; and 22–25 min, isocratic elution
at 90% B; finally, washing and reconditioning of the column were
done. Electrospray ionization (ESI) was performed in negative ion
mode to obtain more data. The parameters for analysis were set
using negative ion mode as follows: cone voltage 30 eV, source
temperature 150 �C, desolvation temperature 440 �C, capillary
voltage 3 kV, desolvation gas flow 900 L/h, and cone gas flow 50
L/h. Mass spectra were detected in the ESI between m/z 100 and
1000 atomic mass units. Chemical constituents were identified
by their ESI– QqQLIT–MS/MS spectra and fragmentation patterns.
The peaks and spectra were processed using the MassLynx 4.1 soft-
ware and tentatively identified by comparing their retention time
(Rt) and mass spectrum with reported data.

2.4. Antioxidant assay

The antioxidant activity of the total hydroalcoholic extract,
dichloromethane, and ethyl acetate fractions of P. aculeata L. were
determined at the Regional Center for Mycology and Biotechnology
(RCMB) at Al- Azhar University using the free radical 2,2-
diphyenyl-picrylhydrazyl (DPPH) scavenging assay in triplicate,
and average values were considered as described by (Al-Yousef
et al., 2020). Freshly prepared (0.1 mM) solution of 2,2-diphenyl-
1-picrylhydrazyl (DPPH) and different tested extract/or fractions
prepared at 5, 10, 20, 40, 80, 160, and 320 lg/mL in methanol were
vigorously mixed and allowed to stand in the dark at room temper-
ature for 30 min. Using UV–visible spectrophotometer (Milton Roy,
Spectronic 1201), the absorbance values of the resulting solution
were recorded at kmax 517 nm against DPPH radical without
antioxidant (control) and the reference compound ascorbic acid
(5, 10, 20, 40, 80, 160, and 320 lg/mL). All the determinations were
carried out in three replicates and averaged. The percentage inhibi-
tion of the DPPH radical was calculated according to the following
formula:

%DPPH radical� scavenging ¼ ½ ðAC� ASÞ=ACf g � 100�
where AC = Absorbance of the control solution and AS = absorbance
of the sample in DPPH solution.

Plot the percentage of DPPH radical scavenging against each
extract concentration and ascorbic acid (lg/ mL) to determine
the concentration required to scavenge DPPH by 50% (i.e., concen-
tration giving 50% reduction in the absorbance of a DPPH solution
from its initial absorbance) (SC50).

2.5. Cell culture and cytotoxicity assay

HepG-2 (Human hepatocarcinoma) and MCF-7 (human breast
carcinoma) cells were obtained from VACSERA Tissue Culture Unit
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and maintained in DMEM supplemented with 10% FBS and 100 lg/
ml penicillin–streptomycin-amphotericin B solution. The cytotoxic
effects of the total hydroalcoholic extract, dichloromethane, and
ethyl acetate fractions of P. aculeata L. against HepG-2 and MCF-7
cells were determined using the MTT cell viability assay as
described previously (Ramos-Silva et al., 2017)
3. Results and discussion

3.1. Identification of polyphenols and other constituents of P. aculeata
fractions by UPLC-ESI-MS/MS

UPLC-ESI-MS/MS, operating in negative ionization mode was
used to analyze the crude hydroalcoholic extract (PAT), dichloro-
methane (PAD) and ethyl acetate fractions (PAE) of P. aculeata L.
The identification was based on their MS2 information given by
the mass of the precursor ion and their fragments, together with
neutral mass loss and known fragmentation patterns for the given
classes of compounds as well as comparison with the available lit-
erature as shown in Table 1 and Fig. 1. Totally, sixty-nine com-
pounds were tentatively identified in the extract and fractions of
P. aculeata. These compounds comprised phenolic acids and their
derivatives, anthocyanins, flavonoids, diterpenes and fatty acids.
Table 1 indicates all the identified compounds, their retention
times, experimental m/z in negative ionization mode, and MS/MS
fragments.

3.1.1. Phenolic compounds
The detected phenolic compounds were coumaric acid (4) and

its isomers (11, 39), gallic acid-O-malic acid (26) (Abu-Reidah
et al., 2015), vanillic acid hexoside (27) and its isomer (38) (Abu-
Reidah et al., 2013), O-trans-feruloyl-malic acid (41) (Szajwaj
et al., 2011), cinnamoyl-galloylglucose (50) (Abu-Reidah et al.,
2019) and rosmarinic acid (60) (Hossain et al., 2010).

3.1.2. Anthocyanins
Three anthocyanin derivatives have been detected in P. aculeata

total hydroalcoholic extract and dichloromethane fraction. Com-
pound 12 was tentatively identified as cyanidin as it exhibits a
molecular ion at m/z 287 (Karar and Kuhnert 2015). 7-O-Methyl-
cyanidin-3-O-galactoside was proposed for compound 20 ([M�H]�

atm/z 461), its MS2 spectral data showed a fragment ion atm/z 299
[M�H-162]�, indicating methyl-cyanidin and the neutral loss of
galactose moiety (Abu-Reidah et al., 2015).

Compound 65 exhibited molecular ion at m/z 613 in the MS
spectrum. The product ion in MS/MS spectrum was at m/z 299 cor-
responding to methyl-cyanidin in structure and to the neutral loss
of galactose (162 Da) and galloyl (152 Da) moieties. Therefore, the
compound was assigned to 7-O-methyl-cyanidin-3-O-(20’galloyl)-
galactoside (Abu-Reidah et al., 2015).

3.1.3. Flavonoid-C-glycosides
In negative ionization mode, the existence of ([M�H]�-90), and

([M�H]�-120) fragments indicated that these compounds are
mono-C-hexosylated flavonoids. By investigation of MS2 spectrum,
the absence of the fragment ion at m/z ([M�H]�-18) confirmed
that the sugar is located on position 8. While the loss of water
molecule caused the existence of mass fragment m/z ([M�H]�-
18), confirmed the presence of C-6 glucoside (El-Sayed et al., 2017).

For compounds 1, 6, 14, and 37, the ESI-MS spectra showed a
deprotonated molecule atm/z 447. The MS2 spectrum on precursor
ion exhibited fragments at m/z 357 (M�H-90)� and a base peak at
m/z 327 (M�H-120)� which detect the existence of hexose part of
C-glycoside flavone. Moreover, from the distinguished base peak
fragment of compound 1 at m/z 327 (aglycone + 41) and short
retention time (0.85 min) it could be concluded that compound 1
was identified as kaempferol-8-C-b-D-glucoside (Hassan et al.,
2019) while compounds 6, 14, and 37 were identified as luteolin-
8-C-b-D-glucopyranoside (orientin) (Hassan et al., 2019).

Diosmetin-8-C-glucoside (orientin-40-methyl ether) (2) was
characterized by molecular ion at m/z 461 ([M�H]�). The MS/MS
fragmentation pattern exhibited diagnostic fragment ions at m/z
341 (M�H-120)� which indicated the existence of hexose part of
C-glycoside flavone (Brito et al., 2014).

For compound 17, the ESI-MS spectrum gave deprotonated
molecule at m/z 431, which fragmented further giving fragment
ions at m/z 341 (M�H-90)� and a base peak at m/z 311 (M�H-
120)�, suggesting that the mono-C-glycosylation is in position 8.
Thus, the absence of the loss of 18 Da, indicate that the sugar sub-
stituent is located in position 8. Compound 17was characterized as
vitexin (apigenin-8-C-glucoside) (El-Sayed et al., 2017). Vitexin,
was previously isolated from P. aculeata L. (Hassan et al., 2019)

In the hydroalcoholic extract, one flavone-6,8-di-C-glycoside
was found. The ESI-MS spectra of compound 9 showed a deproto-
nated molecule at m/z 623 that its consecutive MS2 fragmentation
showed a base peak at m/z 383 (M�H-120-120)� that confirm the
two C-glucosides substitution. Compound 9 was identified as
diosmetin-6,8-di-C-glucoside that known as lucenin-2,40-methyl
ether (Brito et al., 2014).

3.1.4. Flavonoid O, C-diglycosides
In the O, C-diglycosides flavonoid, the aglycone ion was absent

and only the precursor ion [M�H]� is existed in addition to the
interglycosidic linkage cleavage ions including the characteristic
fragmentation ions at [M�H-120]� and [M�H-120-162]� or
[M�H-120-146]� with or without [M�H-18]� (Hassan et al.,
2019). On the basis of these rules, compound 15 (Rt 8.90 min) with
[M�H]� ion at m/z 593 was tentatively identified as 20’-O-
rhamnosyl isoorientin as it showed MS2 fragments at m/z 473
[M�H-120]�; corresponding to a loss of C-hexose moiety (-
120 Da), m/z 429 [M�H-146-18]�, corresponding to a loss of O-
rhamnose moiety (-146 Da) and one water molecule (18 Da) while
fragment ion at m/z 327 [M�H-146-120]�; corresponding to addi-
tional loss of C-hexose moiety (-120 Da) as well as the aglycone ion
(m/z 447) absence is in agreement with an O, C-diglycoside struc-
ture (Figueirinha et al., 2008).

Compound 64 produced a deprotonated molecular ion at m/z
739 and MS2 ions at m/z 431 [M�H-308]�; corresponding to a loss
of O-neohesperidoside moiety (�308 Da) and m/z 311 [M�H-308-
120]�; corresponding to additional loss of C-hexose moiety
(�120 Da) and was identified as apigenin-7-O-neohesperidoside-
6-C-glucoside (Brito et al., 2014).

Compound 13 exhibited a deprotonated molecular ion at m/z
895. The MS2 data showed daughter ions at m/z 447, 357 (Ag
+ 71), and 327 (Ag + 41), corresponding to the loss of a pentosylglu-
coside with 1? 2 interglycosidic linkage. The fragment ions
observed at m/z 357 and 327 are typical of mono-
glycosylflavones. The high intensity of the ion at m/z 327 (base
peak) confirmed the 8-C substitution. Therefore compound 13
was assigned as luteolin 7-O-[60’-dihydrogalloyl]-glucosyl-8-C-
pentosyl-(1? 2)-glucoside (Benayad et al., 2014).

3.1.5. Flavonoid-O-glucosides, O-galactosides and O-pentoside
The MS2 fragmentation pattern for compounds 10, 16, 28, 34

and 43 was typical for O-glycosyl flavonoids exhibiting fragment
at [M�H-162]� indicating an O-glycosilation with a hexose moiety.
Compound 10 was identified as chrysoeriol-7-O-glucoside as it
exhibited a [M�H]� ion at m/z 461 and MS2 base peak ion at m/z
299 [M�H-162]� after the neutral loss of glucosyl moiety
(162 Da) (El-Sayed et al., 2017). Compounds 16 and 34 showed a
deprotonated molecular ion at m/z 463 with characteristic MS2



Table 1
Metabolites Identified in P. aculeata L. aerial parts hydroalcoholic extract (PAT), dichloromethane (PAD) and ethyl acetate (PAE) fractions using UPLC-ESI-MS/MS analysis in
negative ionization mode.

No. Compound name Rt

(min)
[M�H]�

(m/z)
MS2 fragments (m/z) PAT PAD PAE Ref.

1 Kaempferol-8-C-b-D-glucopyranoside 0.85 447 357([M�H]� -90), 327 ([M�H]� -120),
299, 297 ([M�H]� -150), 285 ([M�H]� -
162)

+ + 1

2 Diosmetin-8-C-glucoside (Orientin-4’-methyl ether) 0.85 461 341 + + 2
3 Eriodictyol-O- glucuronide 0.85 463 287 + + 3
4 Coumaric acid 5.43 163 119 + + 4
5 Luteolin-7-O-rutinoside 6.47 593 285 + + 5
6 Luteolin-8-C-b-D-glucopyranoside(orientin) 7.17 447 357, 327, 299, 297, 285 + + 1
7 Butin 7.79 271 135 + + + 6
8 Eriodictyol 7.92 287 151, 135, 107 + + 2
9 Diosmetin-6,8-di-C-glucoside (Lucenin-2,4’-methyl ether) 8.01 623 383, 312 + 2
10 Chrysoeriol-7-O-glucoside 8.10 461 371, 341, 299 ([M�H]� - 162), 283, 269 + + 5
11 Coumaric acid isomer 8.23 163 119 + + 4
12 Cyanidin 8.40 287 151, 135, 107 + + 7
13 Luteolin-7-O-[6’’-dihydrogalloyl]-glucosyl-8-C-pentosyl-(1?2)-

glucoside
8.63 895 447, 357, 339, 327 + + 8

14 Orientin isomer 8.73 447 357, 327, 299, 297, 285 + + 1
15 2’’-O-Rhamnosyl isoorientin 8.90 593 473, 429, 369, 357, 339, 327, 298 + + 9
16 Quercetin hexoside 9.02 463 301, 179 + + 10
17 Vitexin 9.37 431 341, 311 + + 5
18 Butin isomer 9.44 271 135 + + 6
19 kaempferol-3-O-(3’’,6’’-dicoumaroylglucoside) 9.58 739 285, 284, 254, 227 + 1
20 7-O-Methyl-cyanidin-3-O-galactoside 9.73 461 299, 298 + 4
21 Diosmetin-7-O-rutinoside 9.88 607 299 + 11
22 Quercetin rhamnosyl hexoside 10.04 609 301, 300, 271, 151 + + 12
23 Butin isomer 10.08 271 135 + + 6
24 Homoplantaginin 10.53 461 297, 283, 161 + + 13
25 Acacetin-7-O-diglucoside 10.74 607 283 + 1
26 Gallic acid-O-malic acid 10.92 285 169, 133 + 4
27 Vanillic acid hexoside 10.97 329 167 [M�H-162] + + 14
28 Kaempferol-3-O-glucoside 10.99 447 285 + + 15
29 Kaempferol-3-O-rutinoside 11.01 593 285 + + 5
30 Butin isomer 11.10 271 135 + + 6
31 Kaempferide derivative 11.19 623 299, 284, 255, 163 + 16
32 Homoplantaginin isomer 11.22 461 297, 283, 161 + + 13
33 Chrysoeriol 11.24 299 284 + + 5
34 Quercetin-3-O-galactoside 11.25 463 301 + + 10
35 Kaempferol-3-O-rhamnoside 11.55 431 285 + + 17
36 Carnosol quinone 11.56 327 299 + + 18
37 Orientin isomer 11.71 447 357, 327, 297 + 1
38 Vanillic acid hexoside isomer 11.97 329 167 + + 14
39 Coumaric acid isomer 12.11 163 119 + 4
40 Apigenin neohesperidoside 12.22 577 269 + 4
41 O-trans-Feruloyl-malic acid 12.32 309 193, 177 + + 19
42 Homoplantaginin isomer 12.46 461 297, 283, 161 + + 13
43 Apigenin-7-O-glucoside 12.48 431 269 + 7
44 Luteolin-3’-O-rhamnoside 12.50 431 285 + 17
45 3’-hydroxymelanettin 13.52 299 284 + + 20
46 Kaempferide 13.85 299 284, 255, 163, 107 + + 16
47 Naringenin methylrhamnoside* 13.90 431 271 +
48 Lariciresinol 14.00 359 329, 314, 299 + + 21
49 Methoxycarnosol 14.20 359 329, 285 + + 22
50 Cinnamoyl-galloylglucose 14.43 461 315, 163, 152 + + 11
51 Dihydroxypalmitic acid 14.55 287 269 + + 11
52 Chrysoeriol isomer 15.00 299 284 + + 5
53 Trihydroxy-octadecadienoic acid 15.03 327 171, 137 + + 11
54 Trihydroxy-octadecadienoic acid isomer 15.45 327 171, 137 + + + 11
55 Carnosol quinone isomer 15.59 327 299 + + 18
56 3,7-dimethylquercetin 16.04 329 314, 299 + + 15
57 Dihydroxypalmitic acid isomer 16.23 287 269 + + 11
58 Trihydroxyoctadeca-10(E)-dienoic acid isomer 16.34 329 229, 211 + + + 11
59 Coriolic acid 17.44 295 277, 195, 171 + + 11
60 Rosmarinic acid 17.70 359 197, 179, 161 + + 22
61 3,7-dimethylquercetin isomer 18.17 329 314, 299 + + 15
62 Apigenin-O-pentoside 19.99 447 401 + 23
63 3,7-dimethylquercetin isomer 20.29 329 314, 299 + + 15
64 Apigenin-7-O-neohesperidoside-6-C-glucoside 20.90 739 431, 311 + 2
65 7-O-Methyl-cyanidin-3-O-(2’’galloyl)-galactoside 21.67 613 299 + + 4
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Table 1 (continued)

No. Compound name Rt

(min)
[M�H]�

(m/z)
MS2 fragments (m/z) PAT PAD PAE Ref.

66 Lanopalmitic acid 24.18 271 225 + + 11
67 5-Hydroxy-3,40 ,7-trimethoxy-flavone 24.50 327 312, 297 + + 25
68 Lanopalmitic acid isomer 24.99 271 225 + 11
69 Luteolin 28.59 285 269 + + 11

* = Tentative identified; 1= Hassan et al., 2019; 2= Brito et al., 2014; 3= Ringl et al., 2007; 4= Abu-Reidah et al., 2015; 5= El-Sayed et al., 2017; 6= Jin et al., 2015; 7= Karar &
Kuhnert, 2015; 8= Benayad et al., 2014; 9= Figueirinha et al., 2008; 10= Plazonić et al., 2009; 11= Abu-Reidah et al., 2019; 12= Engels et al., 2012; 13= Achour et al., 2018; 14=
Abu-Reidah et al., 2013; 15 = Quifer-Rada et al., 2015; 16 = Chernonosov et al., 2017; 17= Li et al., 2014; 18 = Mena et al., 2016; 19= Szajwaj et al., 2011; 20= Liu et al., 2005;
21= Sanz et al., 2012; 22= Hossain et al., 2010; 23 = Spínola et al., 2015; 24= Simirgiotis et al., 2015.
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fragment ion at m/z 301 [M�H-glc.]� which related to deproto-
nated quercetin and consequently it was tentatively identified as
quercetin hexoside and quercetin-3-O-galactoside, respectively
(Plazonić et al., 2009).

The precursor ion of compound 28 was detected at m/z 447
[M�H]� and its characteristic MS2 fragment ion at m/z 285
[M�H-162]� related to deprotonated kaempferol after neutral loss
of glucosyl moiety (�162 Da) and consequently it was tentatively
identified as kaempferol-3-O-glucoside (Quifer-Rada et al., 2015),
while compound 43 produced a pseudomolecular ion at m/z 431
with main MS2 fragment at m/z 269 [M�H-162]� related to depro-
tonated apigenin and suggesting the neutral loss of glucose moiety
(�162 Da) and was tentatively identified as apigenin-7-O-
glucoside (Karar and Kuhnert 2015).

Homoplantaginin (40,5,7-trihydroxy-6-methoxyflavone-7-gluco
side) (6-methoxyapigenin-7-O-glucoside) (24) and its isomers (32
and 42) were characterized by molecular ion at m/z 461 [M�H] �

and diagnostic fragment ions at m/z 297 (M�H-162-2H)� related
to loss of glucose moiety (�162 Da) and corresponding to
methoxyapigenin in structure and m/z 283 related to loss of addi-
tional methyl moiety (Achour et al., 2018).

The diglucosylated form of acacetin has molecular ion at m/z
607 and MS/MS fragment ion at m/z 283, which is due to two hex-
ose moieties loss [M�H-162-162]� and corresponding to acacetin
in structure. Thus, compound 25 was characterized as acacetin-7-
O-diglucoside (Hassan et al., 2019).

Kaempferol-3-O-(30’, 60’-dicoumaroyl glucoside) (19) produced
a [M�H]� ion at m/z 739 with MS2 fragments at m/z 285 [M�H-
162-146-146]�. These were indicative of a kaempoferol with two
coumaroyl (2 � 146 Da) and one hexose (162 Da) moieties
(Hassan et al., 2019). Apigenin-O-pentoside (62) was recognized
by comparing its MS/MS fragmentation pattern with the reported
data (Spínola et al., 2015).
3.1.6. Flavonoid-O-rhamnoside
In the negative ionization mode, compounds 35, 44, and 47 gen-

erated a deprotonated ion at m/z 431. In the MS2 spectrum of com-
pound 35 and 44, a characteristic ion peak at m/z 285 [M�H-146]�

was observed corresponding to the loss of rhamnosyl moiety. Com-
pounds 35 and 44 were identified as kaempferol-3-O-rhamnoside
and luteolin-30-O-rhamnoside, respectively (Li et al., 2014). It was
difficult to differentiate between the luteolin and kaempferol
derivatives by the use of MS2 data (Abu-Reidah et al., 2019), but
the earlier elution of kaempferol before luteolin was distinguished
((Li et al., 2014)

Compound 47 was tentatively identified as naringenin methyl-
rhamnoside. It exhibited a deprotonated molecular ion at m/z 431
and intense fragment ion at m/z 271 [loss of 160 Da; loss of rham-
nose (146 Da) with methyl (14 Da) moieties]. The fragment ion at
m/z 271 indicated the naringenin aglycone (Li et al., 2014). Methyl
rhamnose was previously isolated from the plant kingdom (Ogawa
et al., 1997)
3.1.7. Rutinoside and neohesperidoside flavonoids
Rutinosides [Glc (6? 1) Rha] were eluted before neohesperido-

sides [Glc(2? 1)Rha]. The rutinosides favor mostly the complete
loss of the disaccharide unit ([M�H]�-308), giving this high abun-
dant specific aglycone peak than that observed for the neohesperi-
doside (El-Sayed et al., 2017).

Two compounds with deprotonated molecular ion at m/z 593
and MS2 fragment ion atm/z 285 ([M�H]�-308) indicated the lute-
olin/or kaempferol aglycone. Luteolin-7-O-rutinoside (5),
kaempferol-7-O-rutinoside (29) were identified (El-Sayed et al.,
2017).

Other rutinosides were found at Rt 9.88 min (compound 21) and
10.04 min (compound 22), the ESI-MS spectrum of compound 21
exhibited a deprotonated molecule at m/z 607, which fragmented
to give ion peak at m/z 299 (M�H-308)� which indicated the dios-
metin aglycone. Compound 21 was identified as diosmetin-7-O-
rutinoside (Abu-Reidah et al., 2019). Compound 22 (quercetin
rhamnosyl hexoside) exhibited a deprotonated molecule at m/z
609, The sequential MS/MS fragmentation of m/z 609 allowed the
existence of a base peak at m/z 301, due to the loss of 308 Da
(rhamnose with hexose moieties). Compound 22 might be
described as either quercetin with a rhamnogalactoside attached
or a rhamnoglucoside with a different correlation from that in rutin
(Engels et al., 2012).

Apigenin neohesperidoside (40) was identified in the hydroal-
coholic extract of P. aculeata as it showed a pseudomolecular ion
at m/z 577 and m/z 269 as MS2 fragment daughter ion after loss
of 308 Da corresponding to the neohesperidoside moiety (Abu-
Reidah et al., 2015)
3.1.8. Flavonoid -O-glucuronides
Flavonoid-O- glucuronide, such as eriodictyol-O-glucuronide

(3), was identified by neutral loss of 176 Da (glucuronide moiety).
The precursor ion of compound 3 was detected at m/z 463 [M�H]�

and its characteristic MS2 fragment ion at m/z 287 [M�H-176]�

related to deprotonated eriodictyol (Ringl et al., 2007).
3.1.9. Flavonoid aglycones
Five flavanones were detected in the examined fractions. By

comparing MS2 fragmentation pattern with the previously
reported data, eriodictyol (8) (Brito et al., 2014) butin (30,40,7-trihy
droxyflavanone) (5-deoxyeriodictyol) (7) and its isomers (18, 23
and 30) were identified (Jin et al., 2015).

A total of five flavones (33, 45, 52, 67 and 69) have been
detected. By comparing MS2 fragmentation pattern with the
reported data, chrysoeriol (33) and its positional isomer (52)



Fig. 1. Chromatograms of P. aculeata aerial parts hydroalcoholic extract (PAT), dichloromethane (PAD) and ethyl acetate (PAE) fractions using UPLC-ESI-MS/MS analysis in
negative ionization mode.
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showed a deprotonated molecular ion at m/z 299 and an intense
fragment at m/z 284, were recognized (El-Sayed et al., 2017).

One neoflavone (45) showed [M�H]� molecular ion at m/z 299
and a significant fragment at m/z 284 (M�H�CH3)� that indicate
the methoxylated flavonoid. It was tentatively identified as
30-hydroxymelanettin as previously reported (Liu et al., 2005).
Compound 67, showed a pseudomolecular ion at m/z 327 produc-
ing a daughter fragment at m/z 312 (M�H�CH3)� and m/z 297
(M�H�2CH3)�, was identified as 5-hydroxy-3,40,7-trimethoxyfla
vone (Simirgiotis et al., 2015), while luteolin (69) was identified
as previously published (Abu-Reidah et al., 2019).

Five flavonols were detected. Kaempferide (46) (kaempferol
methyl ether) with (M�H)� at m/z 299 and daughter ions at m/z
284 (M�H�CH3)� indicate the methoxylated flavonoid., 255 and
163 and kaempferide derivative (31) with (M�H)� at m/z 623
and daughter ions at m/z 299, 284, 255 and 163 were detected
(Chernonosov et al., 2017). For 3, 7-dimethylquercetin (56) and
its two isomers (61 and 63), the ESI-MS spectrum exhibited a
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deprotonated molecule at m/z 329. The MS2 spectrum on the pre-
cursor ion exhibited fragments ions at m/z 314 (M�H�CH3)� and
m/z 299 (M�H�2CH3)� (Quifer-Rada et al., 2015).

3.1.10. Fatty acids
Eight fatty acids as dihydroxypalmitic acid (51, 57), trihydroxy-

octadecadienoic acid (53, 54), trihydroxyoctadeca-10(E)-dienoic
acid (58), coriolic acid (59) and lanopalmitic acid (66 and 68) were
identified as previously published (Abu-Reidah et al., 2015).

3.1.11. Miscellaneous compounds
Carnosol quinone (36 and 55) showed a deprotonated molecu-

lar ion at m/z 327 and an intense fragment at m/z 299 (Mena et al.,
2016). Methoxycarnosol proposed for compound 49 at Rt

14.20 min (m/z 359, [M�H]�). In the MS2 spectrum, the loss of
methoxy (�30 Da) moiety gave a fragment ion at m/z 329, which
corresponds to carnosol in structure in addition to a characteristic
fragment ion atm/z 285 corresponding to a loss of a carbon dioxide
molecule (Hossain et al., 2010). Lariciresinol (48) showed a depro-
tonated molecular ion at m/z 359 and daughter ions at m/z 329,
314, and 299 (Sanz et al., 2012).

3.2. Biological activity results

3.2.1. Antioxidant activity
Generally, the plant flavonoids and phenols are highly powerful

free radical scavengers and antioxidants. Thus, prevention and cure
of various diseases mainly linked with free radicals were achieved
Fig. 2. (A): 2, 2-diphyenyl-picrylhydrazyl (DPPH) radical scavenging activity of differe
presented as averages ± standard deviations from three experiments. (B): SC50 of antioxid
of P. aculata extract and its fractions against HepG-2 cell line at different concentrations (
different concentrations. PAT, total hydroalcoholic extract; PAD, dichloromethane fracti
by using these natural products. Concentrations series ranging
from 5 to 320 lg/mL in methanol were used. The DPPH scavenging
potential of different fractions of P. aculeata L. as well as ascorbic
acid and SC50 values (the concentration required to scavenge DPPH
by 50%) are expressed in Fig. 2 (A & B).

P. aculeata L. ethyl acetate (PAE) fraction showed significant
antioxidant activity as indicated by its high DPPH scavenging per-
centage (77.1%) at 320 lg/mL and low SC50 values (57.4 ± 1.2 lg/
mL) compared to ascorbic acid with SC50 = 14.2 ± 0.5 lg/mL. This
activity can be attributed to its contents of vitexin, orientin, and
other C-glycosides flavonoids as reported earlier (El-Sayed et al.,
2017; He et al., 2016; Lam et al., 2016). During this work,
apigenin-8-C-glucoside (vitexin), luteolin-8-C-b-D-glucoside (ori-
entin), flavonoid- O, C-diglycosides as luteolin 7-O-[60’-dihydrogal
loyl]-glucosyl-8-C-pentosyl-(1? 2)-glucoside and 20’-O-
rhamnosyl isoorientin were detected in LC-MS analysis of ethyl
acetate fraction as the most abundant compounds.

Unfortunately, both PAD and PAT fractions showed moderate
antioxidant activity than the PAE with SC50 = 143.2 ± 0.8 &
133.5 ± 1.3 lg/mL respectively, these results supported the previ-
ous literature about the antioxidant potential of P. aculeata L. and
confirmed its ethnomedical use in the treatment of jaundice
(Mruthunjaya and Hukkeri 2008).

Phenolic compounds exhibited many possible mechanisms to
act as antioxidants such as free radical scavenging, inhibiting free
radical formation, oxygen radical absorbance, peroxide decomposi-
tion, increasing the levels of endogenous defenses, chelating of
metal ions, suppression of singlet oxygen, and enzymatic inhibition
nt concentrations (5–320 mg/ml) of P. aculeata extract and its fractions data are
ant activity of P. aculata extract, its fractions and ascorbic acid. (C): Cytotoxic activity
D): Cytotoxic activity of P. aculata extract and its fractions against MCF-7 cell line at
on and PAE ethyl acetate fraction.



Table 2
IC50 of the hydroalcoholic extract (PAT), dichloromethane (PAD), ethyl acetate (PAE) fractions of the aerial parts of P. aculeata L against HepG-2 and MCF-7carcinoma cell lines.

Tested fraction

Cell line IC50 (mg/mL)

PAT PAD PAE Cisplatin

HepG-2 (Hepatocellular carcinoma) 498 ± 23.4 294 ± 11.3 56.9 ± 3.1 3.67 ± 0.22
MCF-7 (Breast carcinoma) >500 414 ± 13.6 95.8 ± 3.8 5.71 ± 0.57

These are the mean of three determinations.
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(Al-Yousef et al., 2020). The total polyphenolic content is directly
related to the antioxidant activity as polyphenolic compounds on
a large proportion may be responsible for the antioxidant activity
(Obouayeba et al., 2014). Considerable correlation between SC50

values, radical scavenging ability, and the identified phenolics
and/or flavonoids in LC-MS analysis is proofed as extracts with
higher flavonoids and/or phenolics contents displayed lower SC50

value and higher antioxidant activity (Al-Yousef et al., 2020).

3.2.2. Cytotoxic activity
Cancer in low- and middle-income countries caused about 70%

of death (Kuete et al., 2017). About 15–25% of all females cancer
cases and deaths were caused by breast cancer while universally
the second major cause of cancer death in males was liver cancer
(Torre et al., 2015). In recent times, plant-derived compounds
and natural products are promising cancer therapy (Al-Abbasi
et al., 2016; Solowey et al., 2014; Wannes et al., 2017) It is neces-
sary for new efficient anticancer drug discovery to check the cyto-
toxicity of the plant extracts and natural products (Omosa et al.,
2016).

In vitro Cytotoxic activity of PAD & PAE fractions and PAT were
investigated against HepG-2 and MCF-7 cell lines using MTT assay
and cisplatin as a positive standard showed a diminution in cell
viability in dose-dependent manner as shown in Fig. 2 (C &D)
and Table 2. Estimation was based on IC50 values as follows: IC50 -
� 20 lg/mL, highly active; IC50 = 21–200 lg/mL, moderately
active; IC50 = 201–500 lg/mL, weakly active; and IC50 > 501 lg/
mL, inactive, which is in a good accordance with the American
National Cancer Institute protocol (Al-Yousef et al., 2020)The
results showed that PAE possesses a moderate cytotoxic activity
with IC50 = 56.9 ± 3.1 and 95.8 ± 3.8 mg/mL for HepG-2 and MCF-
7cell lines compared to cisplatin with IC50 = 3.67 ± 0.22 and
5.71 ± 0.57 lg/ml, respectively. PAE activity may be attributed to
the presence of vitexin (He et al., 2016), homoplantaginin (Genc
et al., 2020), orientin (Lam et al., 2016) and butin (30,40,7-trihydrox
yflavanone) (Zhang et al., 2011). During this work, vitexin, orientin,
homoplantaginin, and butin were detected in LC-MS analysis of
ethyl acetate fraction as major compounds. However, The PAT
exhibited weak cytotoxic activity against HepG-2 and inactive
against MCF-7 cell line. The PAD fraction showed weak cytotoxic
activity against both cell lines with IC50 of 294 ± 11.3 and
414 ± 13.6 lg/mL respectively, when compared to cisplatin
3.67 ± 0.22 and 5.71 ± 0.57 lg/mL (Fig. 2 C & D and Table 2).

4. Conclusion

In conclusion, our results revealed that phenolic compounds,
flavonoids, and anthocyanins were identified in hydroalcoholic
extract, dichloromethane, and ethyl acetate fractions of P. aculeata
L. aerial parts using UPLC-ESI-MS/MS analysis. The ethyl acetate
fraction of P. aculeata L. showed significant in vitro antioxidant
and cytotoxic activities compared to the other tested fractions (to-
tal hydroalcoholic extract and the dichloromethane fraction).
These activities might be attributed to its contents of phenolic
compounds (such as coumaric acid and cinnamoyl-
galloylglucose) and polyhydroxylated flavonoids (such as
chrysoeriol-7-O-glucoside; luteolin-7-O-[60’-dihydrogalloyl]-gluco
syl-8-C-pentosyl-(1? 2)-glucoside; 20’-O-rhamnosyl isoorientin;
orientin; vitexin; quercetin hexoside; quercetin rhamnosyl hex-
oside; butin and homoplantaginin) detected in this fraction. Fur-
ther studies are planned to isolate and identify the major
bioactive compounds from this fraction using various spectro-
scopic techniques for future in vivo investigation.

PAD showed weak cytotoxic activity against both cell lines with
IC50 of 294 ± 11.3 and 414 ± 13.6 lg/mL, respectively that may be
attributed to the presence of anthocyanins as cyanidin and 7-O-
methyl-cyanidin-3-O-(20’galloyl)- galactoside. Unfortunately, the
PAT exhibited weak cytotoxic activity against HepG-2 and inactive
against MCF-7 cell line.
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