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A B S T R A C T   

Ochradenus baccatus Delile (Resedaceae) is a desert plant with edible fruits native to the Middle East. Few in
vestigators have reported antibacterial, antiparasitic and anti-cancer activities of the plant. Herein we evaluated 
the cytotoxic activity of O. baccatus using four cell lines and a zebrafish embryo model. Additionally, liquid 
chromatography coupled with mass spectroscopy was performed to characterize the extract’s main constituents. 
The highest cytotoxicity was observed against human cervical adenocarcinoma (HeLa), with CC50 of 39.1 µg/mL 
and a selectivity index (SI) of 7.23 (p < 0.01). Metabolic analysis of the extract resulted in the annotation of 57 
metabolites, including fatty acids, flavonoids, glucosinolates, nitrile glycosides, in addition to organic acids. The 
extract showed an abundance of hydroxylated fatty acids (16 peaks). Further, 3 nitrile glycosides have been 
identified for the first time in Ochradenus sp., in addition to 2 glucosinolates. These identified phytochemicals 
may partially explain the cytotoxic activity of the extract. We propose O. baccatus as a possible safe food source 
for further utilization to partially contribute to the increasing food demand specially in Saharan countries.   

1. Introduction 

The use of plant-derived cures is a prevalent practice in many 
geographical regions and across different cultures, including the Middle 
East and Northern Africa (Amer & Mohammad, 2022). Natural ecosys
tems are essential resources for human existence and well-being (Mar
tínez Pastur, Perera, Peterson, & Iverson, 2018). The therapeutic value 
of wild medicinal plants is attributed to their phytoconstituents and 
their physiological interaction with human biological functions (Okwu 
& Okwu, 2004). History of drug discovery provides many examples of 
valuable drugs discovered from traditionally used medicinal plants 
through rigorous in vitro, in vivo and clinical investigations. 

Family Resedaceae is a small family of six genera and around 85 
species distributed in temperate regions, mainly around the Mediterra
nean Basin. Most species grow in sunny and arid habitats, like steppes, 
deserts and dry slopes, and generally prefer basic soils (Martín-Bravo & 
Escudero, 2012). In Egypt’s flora, Resedaceae is represented by 5 genera 
and 16 species (Boulos, 1999). Previous investigation of Resedaceae 
taxa has revealed wide range of biological activities, including antimi
crobial, antidiabetic, anti-inflammatory, anthelminthic, and anticancer 
activities (Al Qurainy, Nadeem, Khan, Alansi, & Tarroum, 2013; Ber
rehal et al., 2010; Bhatia, Mandal, Nevo, & Bishayee, 2015; Hussein, 
Elkhateeb, Marzouk, Ibrahim, & Kawashty, 2013). 

Ochradenus baccatus Delile is a perennial large semi-deciduous shrub 
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found in sandy, stone areas in the Middle East. It is a dense shrub, 
approximately 0.5–2 m high, with woody bases, many fleshy green 
smooth branches, and greenish yellow when mature. Being tolerant to 
drought and salinity, it is widely distributed in desert and semidesert 
regions from Central-North Africa to South West Asia (Miller, 1984; 
Omar, 2007) (Boulos, 1999; El-Amier & Abdul-Kader, 2015). O. baccatus 
has a long history of medical usage in many countries (Alqasoumi, 
Soliman, Awaad, & Donia, 2012; Nawash & Ahmad Al-S, 2011). Extracts 
of O. baccatus were shown to induce a potential effect against Plasmo
dium falciparum (Al Qurainy et al., 2013). Other reported activities 
include antibacterial (Abdel-Sattar, Harraz, & El-Gayed, 2008; Al-Omar, 
Eldeeb, Mobark, & Mohammed, 2020), antioxidant (Barakat, El- 
Mousallamy, Souleman, & Awadalla, 1991), anti-inflammatory (Al 
Qurainy et al., 2013), and anticancer activities (Bhatia et al., 2015). 

Ripe fruits of O. baccatus are consumed raw in Libya (Mahklouf, 
2019) as a desert food and also as a functional food to treat stomach pain 
(Lotze, 2001). Moreover, many animal species in Sinai and the Arabian 
desert eat the fleshy fruits of O. baccatus and disperse the seed without 
biting it (Bronstein et al., 2007; Spiegel & Nathan, 2012). Preliminary 
phytochemical examination of the aerial parts of O. baccatus revealed 
the presence of alkaloids, flavonoids, glycosides, coumarins, saponins 
and steroidal compounds (Al-Omar et al., 2020; Barakat et al., 1991; 
Hussain & El-Oqlah, 1997). Furthermore, it was observed that the pulp 
of O. baccatus fruits is highly enriched in glucosinolates (Trabelcy et al., 
2021). 

This study aims to extensively characterize the metabolic fingerprint 
of aerial parts of O. baccatus extract for the first time to unravel the 
phytoconstituents. And importantly to validate its safety being 
consumed as a desert food. The toxicity profiles were evaluated both in 
Zebra fish embryos and cytotoxicity against different cell lines using a 
microculture tetrazolium (MTT) based assay. 

The toxicity of the extract was tested using the zebrafish embryo 
model, which is widely recognized as a potential new method for 
chemical testing that may provide a bridge between cell and protein- 
based assays and mammalian testing. The model is in agreement with 
the principles of the 3Rs rule (reduction, refinement, replacement) in 
animal welfare (Ford, 2017), thereby becoming an alternative to in vivo 
rodents model for screening the toxicity and developmental toxicity 
(Wang, Liu, Wang, He, & Chen, 2011; Yumnamcha, Roy, Devi, & Non
gthomba, 2015). The Zebrafish Embryo Toxicity (ZET) model focuses on 
the early stages of embryo development and is considered a more hu
mane model compared to adult zebrafish testing (Achenbach, Leggiadro, 
Sperker, Woodland, & Ellis, 2020). 

2. Material and methods 

2.1. Plant material and extraction 

The above-ground parts of Ochradenus baccatus Delile. were collected 
from Wadi El-Rashrash, a depression in the northern section of Eastern 
Desert (Helwan Desert), Giza Governorate, Egypt (29◦27′55.10′′N3 
31◦21′46.03′′E) during May 2021. The identification of species was done 
according to Boulos (1999). A voucher specimen (Mans. 0181502007) 
was prepared and deposited in the Herbarium of Botany Department, 
Faculty of Science, Mansoura University, Egypt. 

The plant material was dried at room temperature (30–35◦C) and 
grinded into a powder using a blender. After that, 150 g of powdered 
plant material of O. baccatus was extracted by maceration using meth
anol till complete exhaustion. The filtered extract was evaporated till 
dryness at 50 ◦C using a rotary evaporator. The dried extract obtained at 
a yield of 7 %w/w on dry weight basis, was kept at − 80 ◦C for further 
chemical and biological analyses. 

2.2. LC–MS and qualitative analysis 

The analysis of the O. baccatus extract was performed using a high- 

resolution LC-MS Thermo Scientific Ultimate 3000RS chromatographic 
system. The separation was carried out on a Waters Acquity HSS T3 
column (150 × 2.1 mm i.d.; 1.8 µm, Milford, USA) at 45 ◦C using a linear 
gradient from 5 % to 70 % phase B (acetonitrile with 0.1 % formic acid) 
in phase A (0.1 % formic acid in Milli-Q water) for 30 min, with a flow 
rate of 0.4 mL/min. 

The photodiode array detector recorded absorbances in 190–600 nm 
wavelength range with 5 nm bandwidth and 10 Hz acquisition fre
quency. A flow splitter was used to divert the column effluent in a 
proportion of 1:3 between Q-TOF MS (Bruker Impact II HD, Bruker, 
Billerica, MA, USA) and charged aerosol detector (CAD, Thermo Corona 
Veo RS) linked in parallel. The acquisition frequency for CAD was 10 Hz. 

The MS analyses were operated in both positive and negative ion 
mode, using electrospray ionization. Linear spectra were obtained in the 
m/z 80 to m/z 1800 mass range, with 5 Hz acquisition frequency and the 
following parameters of the mass spectrometer: negative ion capillary 
voltage 3.0 kV; positive ion capillary voltage 4.0 kV; dry gas flow 6 L/ 
min; dry gas temperature 200 ◦C; collision cell transfer time 90 μs; 
nebulizer pressure 0.7 bar. The obtained data were calibrated internally 
with sodium formate introduced into the ion source via a 20 µL loop at 
the start of each separation. The chromatographic data were acquired 
and processed using Bruker DataAnalysis 4.4 software, and metabolite 
structure elucidation and identification were achieved mostly using 
SIRIUS 4.8.2 software integrating CSI:FingerID for searching in molec
ular structure databases (Dührkop et al., 2019; Hoffmann, Nothias, 
Ludwig, Fleischauer, Gentry, Witting, Dorrestein, Dührkop, & Böcker, 
2021). 

2.3. Zebrafish embryo toxicity (ZET) assay 

Zebrafish (Danio rerio) stocks of the AB strain were maintained at 
28.5 ◦C on a 14/10 h light/dark cycle under standard aquaculture 
conditions, and fertilized eggs were collected via natural spawning. 
Embryos were reared under 14/10 h light/dark conditions in embryo 
medium: 1.5 mM HEPES, pH 7.1–7,3,17.4 mm NaCl, 0.21 mm KCl, 0.12 
mm MgSO4, and 0.18 mm Ca(NO3)2 at 28.5 ◦C. The 4-hpf (hours post- 
fertilization) embryos were placed in 48 well-plates, 5 embryos per 
well and then incubated in 4 different concentrations of tested extract – 
10 embryos per concentration (n = 10). After 24, 48 and 72 h, embryos 
were checked under the microscope for any sign of cytotoxicity such as 
coagulation of the embryo, lack of somite formation, non-detachment of 
the tail and/or lack of heartbeat. Each day compound solution was 
changed. Two ranges of concentrations were tested, first 20–50 μg/mL 
and then 40–100 μg/mL. 

2.4. Cell culturing, evaluation of cytotoxicity and anticancer selectivity 

Cell lines were acquired from the American Type Culture Collection 
(ATCC): VERO (CCL-81, monkey kidney), FaDu (HTB-43, human 
hypopharyngeal squamous cell carcinoma), HeLa (CCL-2, human cer
vical adenocarcinoma), and RKO (CRL-2577, human colon cancer). The 
cell media (MEM and DMEM), penicillin–streptomycin solution (PS), 
phosphate-buffered saline (FBS) and trypsin were obtained from Corn
ing (Tewksbury, MA, USA), while foetal bovine serum (FBS) from 
Capricorn Scientific (Ebsdorfergrund, Germany). Sodium dodecyl- 
sulphate (SDS) was purchased from PanReac Applichem (Darmstadt, 
Germany), dimethylformamide (DMF) and dimethyl sulfoxide (DMSO, 
p.a.) from Avantor Performance Materials (Gliwice, Poland), whereas 3- 
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
from Sigma-Aldrich (St. Louis, Missouri, United States). Cell culturing 
and experiments were performed using DMEM (VERO) and MEM (FaDu, 
HeLa, and RKO) cell media supplemented with PS (10 mL/L) and FBS 
(10 % for cell passaging and 2 % for experiments). Cell maintenance and 
testing were performed at 37 ◦C in the 5 % CO2 atmosphere (CO2 
incubator, Panasonic Healthcare Co., ltd., Japan). The O. baccatus 
extract was dissolved (50 mg/mL) in DMSO (cell-culture grade, PanReac 

Ł. Pecio et al.                                                                                                                                                                                                                                    



Food Chemistry 412 (2023) 135587

3

Applichem) to obtain the stock solution for cytotoxicity evaluation. 
The influence of tested extract on cell lines was assessed using MTT- 

based assay as previously described (Świątek et al., 2021). Briefly, serial 
dilution (500 – 1 µg/mL) of O. baccatus extract in cell media was incu
bated with appropriate cells seeded in 96-well plates for 72 h. After
wards, cell media was removed, wells were washed with PBS, and MTT 
supplemented cell media was added, and incubation continued for 4 h. 
Finally, precipitated formazan crystals were dissolved using SDS/DMF/ 
DMSO mixture, and after overnight incubation, the absorbance at 540 
and 620 nm was measured with Synergy H1 Multi-Mode Microplate 
Reader (BioTek Instruments, Inc. Winooski, Vermont, USA). Data anal
ysis was performed using GraphPad Prism (version 7.04), and CC50 
values (50 % cytotoxic concentration) were calculated from dose- 
response curves. Furthermore, to evaluate anticancer specificity, the 
selectivity indexes (SI) were calculated (SI = CC50VERO/CC50Cancer, SI 
> 1 suggests anticancer selectivity). 

2.5. Statistical analysis 

Results of the CC50 values evaluation were expressed as mean ± SD 
(n ≥ 3). Statistical analysis was performed using GraphPad Prism. Sta
tistical comparison between the mean CC50 values obtained for cancer 
cell lines compared to VERO cells was performed using one-way ANOVA 
followed by Dunnett’s post hoc test of significance wherein p < 0.05 and 

p < 0.01 were considered statistically significant and statistically highly 
significant, respectively. 

3. Results and discussion: 

3.1. The UHPLC-HRESIMS profiling of O. baccatus extract 

The UHPLC-MS analysis of O. baccatus extract led to annotating a 
total of 57 peaks, including 18 fatty acids, 19 glycosides, 5 organic acids, 
2 triterpene derivatives, 4 sugar acids, 5 nitrogenous compounds, and 2 
phytohormones derivatives (Figs. 1 & 2, Table 1). Twenty peaks were 
identified by comparing their high resolution mass and fragmentation 
patterns with those reported in the relevant literature. The remaining 
compounds were tentatively assigned based on the high resolution mass 
of the precursor ions and the fragments generated via common frag
mentation pathways. 

3.1.1. Fatty acids 
Eighteen fatty acids were annotated in the late eluting peaks (tR 

between 16.39 and 19.47 min). Interestingly, 16 of these peaks were 
annotated as hydroxy fatty acids of predominantly C18 chain (12 peaks) 
(He, Qin, Wang, & Ding, 2020). Hydroxylated fatty acids are unusual 
lipids that have been identified in the seed oil of some plants but were 
also detected in the aerial parts of different plants by LC/MS techniques 

Fig. 1. UHPLC-CAD profile of Ochradenus baccatus 
methanolic extract (A). Extracted ion chromatograms 
(EICs) of the most representative compounds ob
tained from Table 1 (B-G). m/z 408.0431: gluco
tropaeolin; m/z 570.0965 2′ ′-O-(α-L- 
rhamnopyranosyloxy)benzylglucosinolate; m/z 
609.1466 quercetin 3-O-hexoside-7-O-deoxyhexoside; 
m/z 755.2057 quercetin 3-O-deoxyhexosyl-hexoside- 
7-O-deoxyhexoside; m/z 324.1091 niazirin-type 
nitrile deoxyhexoside; m/z 301.2029 hydroxy- 
hexadecanedioic acid.   
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(Cahoon & Li-Beisson, 2020; Jiménez-Sánchez, Lozano-Sánchez, 
Rodríguez-Pérez, Segura-Carretero, & Fernández-Gutiérrez, 2016; 
Mahrous, Elosaily, Salama, Salama, & El-Zalabani, 2022). Tri, di and 
monohydroxy C18 fatty acids were detected with four peaks 37, 38, 39 
(m/z 327.2181) annotated as structural isomers of trihydroxy octade
cadienoic acid, which showed consecutive loss of water (− 18 Da), 
Table 1. Similarly, peaks 41, 42 and 47 (m/z 329.2340) were identified 
as structural isomers of trihydroxy-octadecenoic acid with a similar 
fragmentation pattern. It is worth mentioning that differences in the 
fragmentation patterns between structural isomers were minimal and 
did not allow the determination of the hydroxylation positions. The 
same observation was true for C16 fatty acids, which were detected as 
mono- (peak 46), di- (peaks 44, 45) and trihydroxy (peak 43) 
derivatives. 

3.1.2. Glycosides 

3.1.2.1. Flavonoid derivatives. Flavonoids have ubiquitous distribution 
within the plant kingdom. Different substitution patterns on the flavo
noid backbone, as well as conjugation with acids and sugars, afford great 
complexity and diversity in their structure and biological activities 
(Yang, Liu, Yang, Gupta, & Jiang, 2018). Six different flavonoid glyco
sides have been annotated in O. baccatus extract, namely: peaks 23 (m/z 
609.1466), 27 (m/z 755.2057), 29 (m/z 593.1517) and 30 (m/z 
901.2387) which all showed a characteristic fragment of quercetin 
aglycone at m/z 301.0353 calculated for C15H9O7

- . Meanwhile, peak 24 
(m/z 563.1406) was annotated as apigenin C-hexoside-C-pentoside. Two 
fragments at m/z 443 [M− 120− H]− and m/z 473 [M− 90− H]− are 
indicative of C-glycosylation with a hexose, while fragments at m/z 
383.0772 [M− 120− 60− H]− and m/z 353.0667 [M− 120− 90− H]−

indicated the presence of additional C-glycosylation with a pentose 
sugar (Benayad, Gómez-Cordovés, & Es-Safi, 2014; Cao, Yin, Qin, 
Cheng, & Chen, 2014). Peak 28 was tentatively identified as kaempferol- 
O-hexoside deoxyhexoside after showing a characteristic loss of 162 Da 
for -O-hexoside at m/z 431.0967 [M− 162− H]− and loss of 146 Da 
characteristic of -O-deoxyhexoside at m/z 447.0939 [M− 146− H]− , 
further confirmed by the fragment at 285.0407 [M− 162− 146− H]−

indicating loss of both residues (Vukics & Guttman, 2010). 

3.1.3. Hydroxybenzoic acid derivatives 
A total of 4 hydroxybenzoic acid derivatives were characterised in 

the negative ion mode, including a hexose ester at m/z 299.0774 (peak 
6) and 3 glycosides. Peaks 8 (m/z 315.0722) and 11 (m/z 315.0725) 
were annotated as structural isomers of dihydroxybenzoic acid hexoside 
that showed different base peaks at m/z 152.0109 [M− 163− H] − for 
neutral loss of hexoside and 153.0193 [M− 162− H]− , respectively. 
Lastly, peak 10 (m/z 329.0880) was identified as hydroxy- 
methoxybenzoic acid hexoside in accordance with the molecular ion 
of C14H17O9

- . 

3.1.3.1. Glucosinolates. Glucosinolates are plant-derived sulphur com
pounds and occur as secondary metabolites of almost all plants of the 
order Brassicales (VanEtten & Tookey, 2018). Our data analysis identi
fied two glucosinolates peaks: peak 12 (m/z 408.0431) for benzylglu
cosinolate (glucotropaeolin) and peak 15 (m/z 570.0965) for 
rhamnopyranosyloxy benzylglucosinolate which both have been 
recently identified in O. baccatus (Trabelcy et al., 2021). Both glucosi
nolates showed the characteristic fragment ions [M− H− C7H7− N––C =
S]− at m/z 259.0124 and [M− H− C7H7− N––C = O]− at m/z 274.9896 
which are common ions for glucosinolates (Zhou et al., 2017). 

3.1.4. Other glycosides 
Peaks 13 (m/z 359.0987) and 14 (m/z 371.0986) were identified by 

their major fragment ions compared to the library database as erigeside 
C (Zhou, Ma, Guo, Zhang, & Chang, 2019) and 1-p-coumaryl hexose 
(Mekky et al., 2015). Further, three nitrile-containing glycosides were 
observed: first bauhinin-type nitrile hexoside: peak 17 (m/z 342.1197), 
which showed the characteristic fragment corresponding to loss of 
methoxy group and a hexoside at m/z 150.0556 (Chen et al., 1985) and 
peak 31, a niazirin-type nitrile deoxyhexoside which showed its mo
lecular ion peak at 324.1091[M + HCOO–]- and major fragment at m/z 
132.0449 for [M− 146− H]− (Fantoukh et al., 2021). Likewise, peak 22 
was identified as mandelonitrile-type cyanogenic hexoside, which 
exhibited molecular ion at m/z 310.0935. To the best of our knowledge, 
nitrile compounds have not been reported in Ochradenus sp. before. 
Organic nitriles have limited distribution in the plant kingdom and are 
usually confined to certain plant families, mainly in the form of 
hydrolysable glycosides that releases HCN gas. Besides, two more peaks 
were labelled as glycosides: dideoxyhexosyl hexoside; peak 9 ([M− H]−

at m/z 309.1191), and benzyl alcohol pentosyl-hexoside; peak 18 ([M +
HCOO–]- at m/z 447.1511). Major fragments of the latter at m/z 
147.0663 and 269.1033 correspond to loss of hexosyl and pentosyl 
residues, respectively. 

3.1.5. Organic acids, triterpenes and derivatives 
Both aliphatic and aromatic acids are the important bioactive com

pounds of edible and medicinal plants with a key role in metabolism and 
physiology (Adamczak, Ożarowski, & Karpiński, 2019). The investi
gated extract showed different dicarboxylic acids with both aliphatic 
and aromatic backbone. Peak 19 and peak 20 were aromatic dicarbox
ylic acids, namely, hydroxyphthalic acid (m/z 181.0146) and phthalic 
acid (m/z 165.0195), which were readily identifiable by their decar
boxylation fragments [M− H− 44]− at m/z 137.0239 and 121.0295, 
respectively. Aliphatic dicarboxylic acids included peak 26: octanedioic 
acid (m/z 173.0825), peak 32: azelaic acid (m/z 187.0980) and peak 33: 
Oxododecanedioic acid (m/z 243.1242) with C8, C9 and C12 aliphatic 
chain, respectively. Further, two triterpene glycosides (Peaks 48 and 51) 
were annotated as oleanolic acid derivatives at m/z 793.4400 and 
631.3860. 

3.1.6. Sugar acids 
Plant biomass provides a convenient source of sugars. Four sugar 

Fig. 2. Structures of phytoconstituents identified in Ochradenus baccatus 
extract by UHPLC-CAD. *Represents the aglycone part only of the flavonodial 
glycosides identified in Table 1. **Exact substitution pattern could not be 
established. 
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Table 1 
Compounds identified in the methanolic extract of Ochradenus baccatus using UHPLC-QTOF-MS/MS.  

No. Compound Name Class tR 
(min) 

Formula MolecularWeight 
(Da) 

Error 
(ppm) 

Mσ* m/z detected 
and adduct 

Fragment ions m/z ** Reference 

1 Mixture of polar constituents  0.8–1.4 –  –  –  – – – – 
2 N-Fructosyl pyroglutamate Nitrogenous 

compounds 
1.50 C11H17NO8  291.26  0.0  15.3 290.0881 

[M− H]- 
200.0564 (C8H10NO5), 128.0353 
(C5H6NO3) 

https://doi.org/10.1016/ 
0031–9422(82)80023-x 

3 Unidentified Nitrogenous 
compounds 

1.54 C14H19N3O9  373.32  1.6  14.8 372.1043 
[M− H]- 

243.0623 (C9H11N2O6), 128.0353 
(C5H6NO3)  

4 Adenosine Nitrogenous 
compounds 

1.62 C10H13N5O4  267.24  − 0.4  23.1 268.1045 [M 
+ H]+

268.1041 (C10H14N5O4), 136.0617 
(C4H10NO4

)  

5 N-Fructosyl (iso)leucine Nitrogenous 
compounds 

1.78 C12H23NO7  293.31  − 1.6  14.0 294.1552 [M 
+ H]+

276.1442 (C12H22NO6), 258.1336 
(C12H20NO5

) , 248.1492 (C11H22NO5
) , 

230.1387 (C11H20NO4
) 

– 

6 Hexose 4-hydroxybenzoate Hydroxybenzoic 
acid derivatives 

2.90 C13H16O8  300.26  − 0.5  13.5 299.0774 
[M− H]- 

137.0244 (C7H5O3)  

7 Trihydroxyphenyl-propanoic 
acid hexuronide 

Sugar acids 3.08 C15H18O11  374.30  − 0.4  25.9 373.0778 
[M− H]- 

329.0878 (C14H17O9), 167.0350 (C8H7O4), 
165.0557 (C9H9O3), 123.0452 (C7H7O2) 

– 

8 Dihydroxybenzoic acid 
hexoside isomer 

Hydroxybenzoic 
acid derivatives 

3.51 C13H16O9  316.26  − 0.3  1.6 315.0722 
[M− H]- 

152.0109 (C7H4O4) https://doi.org/10.1002/pca.2928 

9 Dideoxyhexosyl hexoside Glycosides 3.72 C12H22O9  310.30  0.1  15.3 309.1191 
[M− H]- 

147.0663 (C6H11O4) – 

10 Hydroxy-methoxybenzoic acid 
hexoside (vanillic acid 
glucoside) 

Hydroxybenzoic 
acid derivatives 

3.81 C14H18O9  330.29  − 0.7  20.7 329.0880 
[M− H]- 

167.0350 (C8H7O4) https://doi.org/10.1016/j. 
arabjc.2020.11.006 

11 Dihydroxybenzoic acid 
hexoside isomer 

Hydroxybenzoic 
acid derivatives 

4.13 C13H16O9  316.26  − 1.0  15.2 315.0725 
[M− H]- 

153.0193 (C7H5O4) https://doi.org/10.1002/pca.2928 

12 Benzylglucosinolate 
(glucotropaeolin) 

Glucosinolates 4.30 C14H19NO9S2  409.43  − 0.7  15.6 408.0431 
[M− H]- 

328.0851 (C14H18NO6S), 274.9908 
(C6H11O8S2), 259.0130 (C12H5NO6), 
195.0330 (C12H5NO2), 166.0325 
(C8H8NOS) 

https://doi.org/10.1016/j. 
phytochem.2021.112760 

13 Erigeside C 
[1-O-(4-hydroxy-3,5- 
dimethoxybenzoyl-hexose] 

Phenolic glycosides 4.51 C15H20O10  360.31  − 1.9  3.7 359.0987 
[M− H]- 

197.0455 (C9H9O5), 182.0221 (C8H6O5), 
153.0557 (C8H9O3), 138.0322 (C7H6O3) 

https://doi.org/10.1007/s10600- 
019–02797-2 

14 1-p-Coumarylhexose Phenolic glycosides 4.91 C15H18O8  326.30  − 2.3  28.7 371.0986* 
[M + FA-H]- 

163.0401 (C9H7O3), 119.0502 (C8H7O) https://doi.org/10.1039/ 
c4ra13155j 

15 2′ ′-O-(Rhamnopyranosyloxy) 
benzylglucosinolate 

Glucosinolates 5.39 C20H29NO14S2  571.57  − 1.5  12.3 570.0965 
[M− H]- 

424.0390 (C14H18NO10S2), 328.0851 
(C14H18NO6S), 290.9854 (C12H5NO6S), 
274.99009 (C12H5NO5S), 259.0130 
(C12H5NO6) 

https://doi.org/10.1016/j. 
phytochem.2021.112760 

16 Benzoyloxy-hydroxypropyl 
hexuronic acid isomer 

Sugar acids 6.95 C16H20O10  372.32  − 1.0  16.9 371.0987 
[M− H]- 

371.0987 (C16H19O10), 353.0874 
(C16H17O9), 311.0772 (C14H15O8), 
249.0616 (C9H13O8), 231.0510 (C9H11O7), 
175.0248 (C6H7O6), 121.0512 (C7H5O2) 

– 

17 Bauhinin-type nitrile hexoside Nitrile-containing 
glycoside 

7.11 C15H21NO8  343.33  − 0.7  16.1 342.1197 
[M− H]- 

150.0556 (C8H8NO2) https://doi.org/10.1021/ 
np50042a008 

18 Benzyl alcohol pentosyl- 
hexoside 

Aromatic glycosides 7.11 C18H26O10  402.39  − 0.6  38.0 447.1511* 
[M + FA-H]- 

269.1033 (C13H17O6), 161.0454 (C6H9O5) – 

19 Hydroxyphthalic acid Aromatic 
dicarboxylic acids 

7.22 C8H6O5  182.13  − 2.0  1.2 181.0146 
[M− H]- 

137.0239 (C7H5O3) – 

20 Phthalic acid Aromatic 
dicarboxylic acids 

7.61 C8H6O4  166.13  − 0.7  2.5 165.0195 
[M− H]- 

121.0295 (C7H5O2) – 

21 Benzoyloxy-hydroxypropyl 
hexuronic acid isomer 

Sugar acids 8.10 C16H20O10  372.32  − 0.5  1.7 371.0985 
[M− H]- 

371.0986 (C16H19O10), 353.0885 
(C16H17O9), 311.0773 (C14H15O8), 
249.0618 (C9H13O8), 231.0514 (C9H11O7), 
175.0253 (C6H7O6), 121.0296 (C7H5O2) 

– 

22 8.23 C14H17NO7  311.29  − 0.9  15.2 132.0442 (C8H6NO) – 

(continued on next page) 
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Table 1 (continued ) 

No. Compound Name Class tR 
(min) 

Formula MolecularWeight 
(Da) 

Error 
(ppm) 

Mσ* m/z detected 
and adduct 

Fragment ions m/z ** Reference 

Mandelonitrile-type 
cyanogenic hexoside 

Nitrile-containing 
glycosides 

310.0935 
[M− H]- 

23 Quercetin 3-O-hexoside-7-O- 
deoxyhexoside 

Flavonoid glycosides 8.39 C27H30O16  610.52  − 0.8  5.1 609.1466 
[M− H]- 

463.0886 (C21H19O12), 446.0857 
(C21H18O11), 447.0913 (C21H19O11), 
301.0356 (C15H9O7), 299.0201 (C15H7O7) 

https://doi.org/10.1002/ 
mas.20212 

24 Apigenin C-hexoside-C- 
pentoside  Flavonoid glycosides 

8.51 C26H28O14  564.49  − 3.3  5.3 563.1406 
[M− H]- 

545.1301 (C26H25O13), 503.1195 
(C24H23O12), 473.1089 (C23H21O11), 
443.0984 (C22H19O10), 383.0772 
(C20H15O8), 353.0667 (C19H13O7) 

https://doi.org/10.1002/jms.3803 
https://doi.org/10.1002/jms.3413 

25 Hydroxy(hydroxyphenyl) 
valeric acid hexuronide 

Sugar acids 8.69 C17H22O10  386.35  − 0.9  19.5 385.1144 
[M− H]- 

385.1146 (C17H21O10), 267.0725 
(C9H15O9), 249.0618 (C9H13O8), 231.0506 
(C9H11O7), 207.0527 (C7H11O7), 113.0247 
(C5H5O3) 

– 

26 Octanedioic acid Aliphatic 
dicarboxylic acids 

8.91 C8H14O4  174.19  − 1.8  10.4 173.0825 
[M− H]- 

133.0247 (C8H13O4), 129.0916 (C7H13O2), 
111.0813 (C7H11O) 

– 

27 Quercetin 3-O-deoxyhexosyl- 
hexoside-7-O-deoxyhexoside 

Flavonoid glycosides 8.95 C33H40O20  756.66  − 2.1  36.2 755.2057 
[M− H]- 

609.1476 (C27H29O16), 446.0865 
(C21H18O11), 301.0353 (C15H9O7), 
299.0204 (C15H7O7) 

https://doi.org/10.1002/ 
mas.20212https://doi.org/ 
10.1016/S0031-9422(00)84723–8 

28 Kaempferol 3-O-hexoside-7-O- 
deoxyhexoside 

Flavonoid glycosides 9.19 C27H30O15  594.52  − 1.5  27.2 593.1526 
[M− H]- 

447.0939 (C21H19O11), 430.0915 
(C21H18O10), 431.0967 (C21H19O10), 
285.0407 (C15H9O6), 283.0253 (C15H7O6) 

https://doi.org/10.1002/ 
mas.20212 

29 Quercetin 3,7-di-O- 
deoxyhexoside 

Flavonoid glycosides 9.35 C27H30O15  594.52  − 0.9  28.2 593.1517 
[M− H]- 

447.0924 (C21H19O11), 446.0859 
(C21H18O11), 301.0359 (C15H9O7), 
299.0204 (C15H7O7) 

https://doi.org/10.1002/ 
mas.20212 

30 Quercetin 3-O-deoxyhexosyl- 
(p-coumaroyl)hexoside-7-O- 
deoxyhexoside 

Flavonoid glycosides 10.28 C42H46O22  902.80  − 1.2  12.0 901.2387 
[M− H]- 

755.1948 (C36H33O18), 609.1465 
(C27H29O16), 446.0860 (C21H18O11), 
301.0353 (C15H9O7), 300.0275 (C15H8O7), 
299.0204 (C15H7O7) 

https://doi.org/10.1002/ 
mas.20212https://doi.org/ 
10.1016/S0031-9422(00)84723–8 

31 Niazirin-type nitrile 
deoxyhexoside 

Nitrile-containing 
glycosides 

10.75 C14H17NO5  279.29  − 0.6  8.0 324.1091* 
[M + FA-H]- 

132.0449 (C8H6NO) https://doi.org/10.1055/a- 
1240–6186 

32 Nonanedioic acid (azelaic acid) Aliphatic 
dicarboxylic acids 

11.36 C9H16O4  188.22  − 2.4  2.7 187.0980 
[M− H]- 

187.0980 (C9H15O4), 169.0875 (C9H13O3), 
125.0976 (C8H13O) 

– 

33 Oxododecanedioic acid Aliphatic 
dicarboxylic acids 

12.76 C12H20O5  244.28  − 1.6  10.8 243.1242 
[M− H]- 

243.1242 (C12H19O5), 225.1136 
(C12H17O4), 207.1027 (C12H15O3), 
199.1343 (C11H19O3), 155.1424 (C10H19O) 

– 

34 N-Feruloyltyramine Nitrogenous 
compounds 

13.32 C18H19NO4  313.35  − 1.0  16.2 312.1244 
[M− H]- 

312.1244 (C18H18NO4), 297.1007 
(C17H15NO4) 

https://doi.org/10.1016/j. 
phytochem.2005.07.014 

35 N-Feruloyl-O-methyldopamine Nitrogenous 
compounds 

13.82 C19H21NO5  343.37  − 1.0  4.6 342.1351 
[M− H]- 

342.1351 (C19H20NO5), 327.1114 
(C18H17NO5), 193.0742 (C10H11NO3), 
178.0510 (C9H8NO3), 148.0530 (C9H8O2) 

https://doi.org/10.1016/j. 
phytochem.2005.07.014 

36 Tricoumaroyl spermidine Phytohormone 
derivative 

15.44 C34H37N3O6  583.68  − 2.0  9.8 584.2774 [M 
+ H]+

438.2404 (C25H32N3O4), 420.2298 
(C25H30N3O3), 292.2035 (C16H26N3O2), 
275.1765 (C16H23N2O2), 204.1027 
(C12H14NO2), 147.0444 (C9H7O2) 

https://doi.org/10.1111/j.1365- 
313X.2008.03773.x 

37 Trihydroxy-octadecadienoic 
acid isomer 

Fatty acids 16.39 C18H32O5  328.44  − 1.2  3.3 327.2181 
[M− H]- 

327.2182 (C18H31O5), 309.2076 
(C18H29O4), 291.1974 (C18H27O3), 
239.1661 (C14H23O3), 229.1451 
(C12H21O4), 221.1191 (C13H17O3), 
211.1345 (C12H19O3), 171.1030 (C9H15O3) 

https://doi.org/10.1016/j. 
jfca.2015.11.004 
https://doi.org/10.1002/ 
bmc.2809 

38 Trihydroxy-octadecadienoic 
acid isomer 

Fatty acids 16.75 C18H32O5  328.44  − 1.9  17.9 327.2183 
[M− H]- 

327.2183 (C18H31O5), 309.2076 
(C18H29O4), 291.1974 (C18H27O3), 
239.1661 (C14H23O3), 229.1451 
(C12H21O4), 221.1191 (C13H17O3), 
211.1345 (C12H19O3), 171.1030 (C9H15O3) 

– 

(continued on next page) 
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Table 1 (continued ) 

No. Compound Name Class tR 
(min) 

Formula MolecularWeight 
(Da) 

Error 
(ppm) 

Mσ* m/z detected 
and adduct 

Fragment ions m/z ** Reference 

39 Trihydroxy-octadecadienoic 
acid isomer 

Fatty acids 16.92 C18H32O5  328.44  − 2.1  17.3 327.2184 
[M− H]- 

327.2184 (C18H31O5), 309.2080 
(C18H29O4), 291.1965 (C18H27O3), 
269.1773 (C15H25O4), 251.1652 
(C15H23O3), 211.1338 (C12H19O3), 
183.1400 (C11H19O2) 

– 

40 Trihydroxy-octadecenoic acid 
isomer 

Fatty acids 17.69 C18H34O5  330.46  − 1.4  6.5 329.2338 
[M− H]- 

329.2338 (C18H33O5), 311.2230 
(C18H31O4), 293.2126 (C18H29O3), 
229.1449 (C12H21O4), 211.1344 
(C12H19O3), 171.1031 (C9H15O3) 

– 

41 Trihydroxy-octadecenoic acid 
isomer 

Fatty acids 17.83 C18H34O5  330.46  − 1.9  22.0 329.2340 
[M− H]- 

329.2340 (C18H33O5), 311.2251 
(C18H31O4), 293.2135 (C18H29O3), 
229.1447 (C12H21O4), 211.1345 
(C12H19O3), 171.1034 (C9H15O3) 

– 

42 Hydroxy-hexadecanedioic acid 
isomer 

Fatty acids 17.83 C16H30O5  302.41  − 2.7  15.0 301.2029 
[M− H]- 

301.2029 (C16H29O5), 283.1923 
(C16H27O4), 265.1815 (C16H25O3), 
257.1736 (C14H25O4), 239.2023 
(C15H28O2), 221.1919 (C15H25O) 

– 

43 Hydroxy-hexadecanedioic acid 
isomer 

Fatty acids 17.96 C16H30O5  302.41  − 2.9  15.5 301.2029 
[M− H]- 

301.2029 (C16H29O5), 283.1924 
(C16H27O4), 265.1817 (C16H25O3), 
257.1736 (C14H25O4), 239.2023 
(C15H28O2), 221.1919 (C15H25O) 

– 

44 Dihydroxy-palmitic acid 
isomer 

Fatty acids 18.38 C16H32O4  288.42  − 0.3  4.7 289.2374 
[M + H]+

289.2375 (C16H33O4), 271.2270 
(C16H31O3), 253.2163 (C16H29O2), 
235.2056 (C16H27O), 217.1953 (C16H25) 

– 

45 Dihydroxy-palmitic acid 
isomer 

Fatty acids 18.48 C16H32O4  288.42  − 1.0  5.1 289.2376 
[M + H]+

289.2375 (C16H33O4), 271.2269 
(C16H31O3), 253.2161 (C16H29O2), 
235.2057 (C16H27O), 217.1946 (C16H25) 

– 

46 Hydroxy-oxohexadecanoic 
acid 

Fatty acids 19.22 C16H30O4  286.41  − 0.6  4.2 287.2218 
[M + H]+

269.2111 (C16H29O3), 251.2004 
(C16H27O2), 233.1901 (C16H25O), 
215.1793 (C16H23) 

– 

47 Trihydroxy-octadecenoic acid 
isomer 

Fatty acids 19.22 C18H34O5  330.46  − 2.3  17.0 329.2342 
[M− H]- 

329.2344 (C18H33O5), 311.2242 
(C18H31O4), 293.2125 (C18H29O3), 
229.1447 (C12H21O4), 211.1344 
(C12H19O3), 201.1142 (C10H17O4), 
199.1353 (C11H19O3) 

– 

48 3-O-hexuronyl-28-O-hexosyl- 
oleanolic acid 

Triterpene glycoside 19.41 C42H66O14  794.97  − 2.6  20.1 793.4400 
[M− H]- 

793.4401 (C42H65O14), 631.3868 
(C36H55O9), 613.3759 (C36H53O8), 
587.3982 (C35H55O7), 569.3863 
(C35H53O6), 455.3548 (C30H47O3) 

– 

49 Dihydroxy-octadecadienoic 
acid 

Fatty acids 22.50 C18H32O4  312.44  − 1.9  18.2 313.2379 
[M + H]+

313.2379 (C18H33O4), 295.2269 
(C18H31O3), 277.2163 (C18H29O2), 
259.2058 (C18H27O), 241.1949 (C18H25)  

50 Triacetyl-androstenetriol Phytohormone 
derivatives 

24.58 C25H38O6  434.57  − 1.5  25.2 433.2602 
[M− H]- 

433.2602 (C25H37O6), 415.2511 
(C25H35O5), 287.2230 (C16H31O4), 
269.2122 (C16H29O3), 163.0409 (C9H7O3), 
145.0293 (C9H5O2), 117.0353 (C8H5O)  

51 3-O-hexuronyl-oleanolic acid Triterpene glycoside 25.59 C36H56O9  632.83  − 1.4  11.5 631.3860 
[M− H]- 

631.3860 (C36H55O9), 613.3764 
(C36H53O8), 571.3646 (C34H51O7), 
555.3696 (C34H51O6), 509.3649 
(C33H49O4), 455.3538 (C30H47O3)  

52 Hexadecanedioic acid (thapsic 
acid) 

Fatty acids 25.98 C16H30O4  286.41  − 1.1  2.3 285.2075 
[M− H]- 

285.2075 (C16H29O4), 267.1969 
(C16H27O3), 241.2180 (C15H29O2), 
223.2070 (C15H27O)  

53 Fatty acids 26.26 C18H30O3  294.43  − 1.6  76.5  

(continued on next page) 
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acids derivatives were assigned in O. baccatus extract as hexauronic acid 
derivatives, namely peaks 7, 16, 21 and 25 at m/z 373.0778, 371.0987, 
371.0985, 371.0986 and 385.1144, respectively. 

3.1.7. Nitrogenous compounds 
Five peaks were annotated as nitrogenous compounds. In detail, peak 

2 ([M− H]− at m/z 290.0881) and peak 34 ([M− H]− at m/z 312.1244) 
were identified as N-fructosyl pyroglutamate and N-feruloyltyramine, 
respectively, (Nahrstedt, Walther, & Wray, 1982; Zamble, Hennebelle, 
Sahpaz, & Bailleul, 2007). Likewise, N-Feruloyl-O-methyldopamine, 
peak 35 was characterized by the molecular ion peak [M− H]- at m/z 
342.1351(King & Calhoun, 2005). Further, peak 4 was assigned as 
adenosine ([M + H]+ at m/z 268.1045) and had a daughter ion at m/z 
136.0617 (C4H10NO4

+). On the other hand, peak 5 was assigned as an 
isoleucine derivative, with m/z 294.1552 and major fragment of m/z 
276.1442 by the loss of H2O molecule (Johnstone & Rose, 1985). 

3.1.8. Phytohormone derivatives 
Brassinosteroids are endogenous phytohormones that promote plant 

growth and normal development (Kumari & Hemantaranjan, 2018). As 
polyhydroxylated sterols, these compounds can exist in a free form, 
esterified with organic acids, sulphate or in the form of glucosides 
(Hussain et al., 2020). In our analysis, peak 50 was described as a 
brassinosteroid derivative at m/z 433.2602 with androstenetriol back
bone esterified with 3 molecules of acetic acid. 

A polyamine derivative, Peak 36 (m/z 584.2774) was identified as 
tricoumaroyl spermidine based on comparison with literature database 
(Grienenberger et al., 2009). Notably, spermidine is a plant hormone 
that regulates plant growth and was found conjugated with phenolic 
acids in several plant families (Aylanc, Tomás, Russo-Almeida, Falcão, & 
Vilas-Boas, 2021; Chen, Shao, Yin, Younis, & Zheng, 2019). 

3.2. Zebrafish embryo toxicity assay 

Perturbed development can manifest as morphological malforma
tions, behavioural abnormalities or death of the embryos. Zebrafish 
embryos develop externally and are optically transparent. Using simple 
microscopic techniques, numerous effects can be assessed non- 
invasively over the course of development (Pecio, Otify, Saber, El- 
Amier, Shalaby, Kozachok, Elmotayam, Świątek, Skiba, & Skalicka- 
Woźniak, 2022; Truong, Harper, & Tanguay, 2011). 

It was shown that O. baccatus extract showed no toxic effects at low 
concentrations tested. The first sign of toxicity was noticed after 48 h 
incubation at the concentration of 75 µg/mL when 2 out of 10 larvae 
exhibited shortened tails as well as heart malformation. At the higher 
concentration (100 µg/mL), much more body malformations were 
noticed on the second day. 

3.3. Cytotoxic activity of O. baccatus extract 

The results of cytotoxicity studies are presented in Table 2. The 
anticancer selectivity was assessed with reference to normal (non- 
cancerous) VERO cells. The O. baccatus extract showed a selective 
antineoplastic effect on all tested cancer cell lines with the highest ac
tivity (CC50 39.1 µg/mL) and selectivity (SI 7.23, p < 0.01) observed 
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Table 2 
The cytotoxicity of Ochradenus baccatus extract on different cell lines.   

VERO FaDu HeLa RKO 

CC50 CC50 SI CC50 SI CC50 SI 

O. baccatus 
extract 

282.77 
± 12,19 

98.99 
±

15.59  

2.86 39.1 
±

1,67  

7.23 199.38 
± 44.95  

1.42 

CC50 – 50 % Cytotoxic concentration (µg/mL), Mean ± SD; concentration decreasing 
cellular viability by 50 %; SI – Selectivity Index (SI = CC50VERO/CC50Cancer)  
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against human cervical adenocarcinoma-derived cells (HeLa). The 
human hypopharyngeal squamous cell carcinoma cells (FaDu) were less 
sensitive to tested extracts, however, still significant selectivity was 
observed (SI 2.86, p < 0.01). Noteworthy, as shown in Fig. 3, at 125 µg/ 
mL, O. baccatus extract induced almost 100 % cytotoxic effect of HeLa, 
whereas, in the case of FaDu cells, the median cellular viability was 33 
%. 

Thoppil, Harlev, Mandal, Nevo, and Bishayee (2013) studied the 
antitumor activities of extracts from selected desert plants against 
human hepatocellular carcinoma cells (HepG2). They reported that 
O. baccatus aqueous extracts showed CC50 values of 1.51 and 0.83 mg/ 
mL after 24 and 48 h incubation, respectively (Thoppil et al., 2013). In 
our research, the methanolic extract showed significantly higher toxicity 
toward all tested cell lines. Unfortunately, Thoppil et al. (2013) didn’t 
report the chemical analysis of the tested extract, and thus, it is 
impossible to elucidate if the different composition was responsible for 
lower in vitro cytotoxicity. Interestingly, another study performed by 
Khan, Khan, Adil, and Alkhathlan (2022) reported that O. baccatus 
methanolic extract showed higher cytotoxicity towards HepG2, 
decreasing the cellular viability by 28.4 % at 50 µg/mL concentration 
after 24 h of exposure. Little has been reported concerning the toxicity of 
other Ochradenus species. Ali et al. (2016) reported that Ochradenus 
arabicus crude ethanolic extract shows a cytotoxic effect on adenocar
cinoma breast cancer cells (MCF-7) with a CC50 of 562 µg/mL. The 
limitations of both aforementioned studies focusing on the toxicity of 
O. baccatus extracts were the use of only one cancer cell type and the lack 
of any information concerning the activity towards normal cells, making 
it impossible to assess the anticancer selectivity. That is why our study 
design not only took into consideration a more comprehensive panel of 
cancer types but also the use of normal cells for comparison and eval
uation of selectivity. 

Studies on in vivo toxicity of O. baccatus ethanol extracts (1000 – 
4000 mg/kg) in male Wistar rats did not show any symptoms of acute 
toxicity, no diarrhoea, haematuria, restlessness, uncoordinated muscle 
movements, or respiratory distress were observed, and no mortality was 
reported during 24 h of observation (LD50 > 4000 mg/kg). The 
O. baccatus ethanol extract was also administered (100, 200 or 400 mg/ 
kg) during a 65-day treatment period in rats without showing any effect 
on the body weights, and biochemical tests performed afterwards 
showed no indication of organ-related toxicity, with normal serum 
transaminases (ALT and AST) level indicating the lack of hepatotoxicity, 
as well as normal urea and creatinine confirming the absence of neph
rotoxicity. During the studies on the influence of O. baccatus treatment 
on reproductive organs of male rats, no significant changes in the rela
tive weight of the testes, seminal vesicles and ventral prostate were 

observed, as well as serum testosterone, lutrophin (LH), prolactin (PRL), 
and follicle-stimulating hormone (FSH) levels remained unchanged 
compared to control (Soliman, Donia, Awaad, Alqasoumi, & Yusufoglu, 
2012). Al-Omar et al. (2020) also studied the acute toxicity of 
O. baccatus ethanol extract (1000 – 4000 mg/kg) in male albino rats and 
reported no significant toxicity after 24 h. Additionally, oral treatment 
with 50 mg/kg or 100 mg/kg of ethanol extract using an orogastric 
cannula for consecutive 30 days resulted in no significant differences in 
the serum levels of urea, creatinine, glucose, ALT, AST, total protein and 
cholesterol, however, the serum levels of triglycerides were significantly 
decreased in animals that received 100 mg/kg of the extract. Moreover, 
the histopathological evaluation of rats’ livers and kidneys also indi
cated no significant changes compared to the control group (Al-Omar 
et al., 2020). 

Considering the data on in vivo toxicity, it can be concluded that the 
administration of O. baccatus extracts is safe and has no toxic effects in 
animal models (Al-Omar et al., 2020; Soliman et al., 2012). Our results 
indicate that O. baccatus methanolic extract shows a significant and 
selective anticancer activity against cervical adenocarcinoma (HeLa) 
cells and, to a lower extent, towards hypopharyngeal squamous cell 
carcinoma (FaDu) cells. Among compounds identified in O. baccatus 
extract used in this study, glucosinolates have been long known for their 
antiproliferative and chemopreventive activity against cancer cell lines 
(Esfandiari et al., 2017; Liu et al., 2018). Apart from glucosinolates, the 
extract contained three nitriles (peaks 17, 22 and 31) which have not 
been thoroughly investigated except for few studies (Kupke et al., 2016; 
Unsal Tan & Zengin, 2022) but are considered as plant products with 
great potential due to the chemical activity of the conjugated nitrile 
group. Therefore, we believe this extract should undergo more extensive 
studies to evaluate compounds or mechanisms responsible for the 
observed antineoplastic effects. 

4. Conclusion 

Arising from the concept of sustainable development, utilization and 
searching for new food sources deemed necessary to cope with the 
increasing food demands. Herein, we investigated the underutilised 
desert plant O. baccatus as a possible sufficiently safe nutraceutical 
ingredient. Our results suggest that the methanolic extract of the aerial 
parts of O. baccatus possessed an acceptable antiproliferative activities 
toward cervical adenocarcinoma (HeLa) and hypopharyngeal squamous 
carcinoma (FaDu) cells with significant selectivity towards the cancer 
cells. This effect can be attributed to its high content of flavonoids, 
nitrile glycosides, fatty acids and glucosinolates, known for their cyto
toxic activities, which are represented in the metabolomics profile of the 
extract by 57 metabolites. Therefore, further investigation of the rich 
metabolome of O. baccatus is highly recommended to identify novel anti- 
cancer compounds from this orally safe desert food. 
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Woźniak: Conceptualization, Resources, Writing – review & editing. 
Jesus Simal-Gandara: Conceptualization, Investigation, Resources, 
Writing – review & editing. 

Fig. 3. Cytotoxicity profile of Ochradenus baccatus extract on different 
cell lines. 

Ł. Pecio et al.                                                                                                                                                                                                                                    



Food Chemistry 412 (2023) 135587

10

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data availability 

Data will be made available on request. 

Acknowledgements 

The work was supported by Medical University of Lublin DS28. 
Funding for open access charge: Universidade de Vigo/CISUG. The au
thors would like to acknowledge Dr Mariusz Kowalczyk and Dr Dariusz 
Jędrejek for developing LC–MS analysis methods and carrying out LC- 
MS data acquisition. 

References 

Abdel-Sattar, E., Harraz, F. M., & El-Gayed, S. H. (2008). Antimicrobial activity of 
extracts of some plants collected from the Kingdom of Saudi Arabia. Medical Science 
Monitor, 15(1). 

Achenbach, J. C., Leggiadro, C., Sperker, S. A., Woodland, C., & Ellis, L. D. (2020). 
Comparison of the Zebrafish Embryo Toxicity Assay and the General and Behavioral 
Embryo Toxicity Assay as New Approach Methods for Chemical Screening. Toxics, 8 
(4), 126. 
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