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The potential role of C. sefrizii and A. butyraceae as chemo preventive agents is addressed for the first 
time via defined mechanism of action i.e. NQO1 enzyme induction; in relation to their metabolites 
fingerprint as analysed via UPLC-qTOF-MS and chemometrics. Crude extracts of both plants 
significantly induced NQO1 enzyme activity by 146% and 140%, respectively, relative to vehicle control 
(0.1% DMSO).  Upon fractionation with solvents of different polarities, most active fractions were 
Attalea's petroleum ether extract at 169 %, and Chamadorea's petroleum ether, ethyl acetate and 
butanol extracts that exceeded their crude results at 174%, 184% and 169%, respectively. UPLC/qTOF-
MS analysis led to the annotation of 49 metabolites to include 18 flavonoids, 11 free/conjugated phenolic 
acids, 6 oxygenated fatty acids and miscellaneous compounds. Multivariate data analysis revealed for 
C-flavonoids i.e. isoschaftoside as markers in A. butyraceae versus sulfated steroidal glycoside 
enrichment in C. sefrizii. 

Keywords: C. sefrizii; A. butyraceae; NQO1 inducers; DCPIP assay; UPLC/MS fingerprinting; metabolomics, 
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INTRODUCTION 

The process of carcinogenesis is progressed 
via three phases: initiation, promotion and 
propagation (Shureiqi et al., 2000). Current 
strategies for preventing cancer development are 
now directed towards developing drugs that can 
interfere with both the initiation and promotion 
phases via modulating the metabolism of 
endogenous and environmental carcinogens 

(Talalay 2000). Induction or up regulation of 
certain enzymes called phase II metabolism 
enzymes, can detoxify and quench carcinogens 
and afford broad protection against cancer (Hong 
and Sporn 1997, Talalay 2000). Recently, 
naturally occurring phytochemicals of diverse 
classes, including methoxylated flavonoids, sulfer-
containing compounds, phenolic acids, alkaloids 
and coumarins, have drawn attention towards its 
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potential chemopreventive effect in inhibiting or 
reversing the process of carcinogenesis (Dinkova-
Kostova et al., 2004, Mehta et al., 2010).  The 
postulated mechanism of action was induction of 
one or more of phase II metabolism enzymes e.g. 
NQO1, HO...etc (Valerio Jr et al., 2001, Arroio et 
al., 2003, Mehta et al., 2010, Wang et al., 2015). 
Studies demonstrated that knocking out of NQO1 
gene in mice led to a significant increase in both 
carcinogen-induced and spontaneous 
tumorigenesis.  On the other hand, induction of 
NQO1 was directly correlated towards the 
protection against chemically induced 
carcinogenesis in animal models (Long et al., 
2001, Long et al., 2002). 

Arecaceae family is one of the biggest and 
most key medicinal families in the plant kingdom 
reported for various chemical constituents and 
biological activities including notable 
chemopreventive effect (Kelloff et al., 2008, da 
Cunha and Arruda 2017, Soares et al., 2017). 
Nevertheless, little or no information is reported 
for C. sefrizii and A. butyracea (F. Arecaceae) 
except for the later edible fruit and seeds to be 
medicinally used for treatment of goiter, bronchial 
asthma and vaginal diseases (Bernal et al., 2010).  
Lack of other reports on these plants despite 
being a member of a well known family of 
medicinal plants prompted their further 
exploration.  In this study, crude and successive 
extracts of both plants were assayed for their 
potential chemopreventive effect as NQO1 
inducers (DCPIP reduction assay)(Siegel et al., 
2007; El-Halawany et al., 2018), along with 
metabolites fingerprinting via UPLC-qTOF-MS 
and chemometrics, a powerful tool for structural 
elucidation (Farag, M. A. et al., 2013) to determine 
for metabolites likely to mediate for these effects. 
 
MATERIALS AND METHODS 

2.1. Plant material 
Leaves of C. sefrizii Burret and A. butyracea 

(Mutis ex L.f.) Wess. Boer were collected in 
March-April 2016 from Mazhar Botanical Garden, 
Giza; and the International Garden of Tropical 
Plants, Aswan, respectively. Specimens were 
deposited at the National Research Center 
herbarium (voucher no.: M149 and M150). Plants 
were kindly authenticated by Agricultural engineer 
Therese Labib, consultant of plant taxonomy at 
the Ministry of Agriculture and ex-director of 
Orman Botanical Garden, Giza, Egypt. 

2.2. Chemicals and reagents  
Acetonitrile and formic acid (LC/MS grade) 

are obtained from J. T. Baker (Deventer, The 
Netherlands), milliQ water is used for UPLC 
analysis.  Petroleum ether 60–80 ºC, ethanol and 
butanol were purchased from Adwic (Egypt). 
Chloroform, ethyl acetate, methanol were 
obtained from Sigma Aldrich (St Louis, MO, USA). 

2.3. Preparation of plant extracts 

Crude extracts: 
Air-dried powdered leaves were repeatedly 

extracted CH2Cl2:MeOH (1:1) 
until exhaustion then filtered off. The filtrate was 
concentrated under reduced pressure to dryness 
at 55°C to yield crude extracts. 

Successive extracts:  
The plant powder was successively extracted 

on cold with solvents of increasing polarity viz. 
petroleum ether (60-80°C), dichloromethane, ethyl 
acetate, butanol and ethanol. The solvents were 
then evaporated to dryness under reduced 
pressure at 55°C.  

2.4. Cancer Chemoprevention activity  

2.4.1. NQO1 activity screening 
assay(Dichlorophenol indophenol (DCPIP) 
reduction assay) 

Murine hepa1c1c7 cells can induce the 
cancer chemopreventive enzyme marker quinine 
reductase NQO1 (Siegel et al. 2007, El-Halawany 
et al., 2018). DCPIP reduction assay was 
employed to assess enzymatic activity induced by 
extracts compared to the vehicle and 
sulforaphane as positive control.  

Murine hepatoma cell line Hepa-1c1c7 was 
maintained as monolayer culture in α- modified 
Minimum Essential Medium Eagle (α-MEME) 
supplemented with 10% (v/v) heat-and charcoal–
inactivated fetal bovine serum, 2 mM L-glutamine, 
100 U/ml penicillin, 100 μg/ml streptomycin 
sulphate in humidified incubator (Sartorius CMAT, 
Germany, 5% CO2/95% air). At about 80% 
confluence, cells were routinely sub-cultured with 

Trypsin-EDTA solution. 

2.4.2. Assessment of the induction of NQO1 in 
Hepa-1c1c7 cells 

Cells (3 × 105 cells/ml) were seeded onto 6-
well plates overnight to adhere and form semi-
confluent monolayers. Monolayers were treated 
with either vehicle (final concentration 0.1% v/v 
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DMSO), plant extract (50 µg/ml) or sulforaphane 
(SFN, 5μM) for additional 24 h. After aspiration of 
old media, monolayers were washed with ice-cold 
Dulbecco’s PBS (2 ml/well). Cells were then 
scrapped in ice-cold lysis buffer (25 mMTris-Cl, 
pH 7.4, 250 mM sucrose and 5 μM FAD). Cell 
suspensions were then sonicated on ice for 5 s 
(20% amplitude), centrifuged (15,000×g for 10 
min) and the supernatant was aliquoted and 

stored at − 80°C. Enzymatic activity was 

determined as nM DCPIP/min/mg protein using 
DCPIP extinction coefficient of 21000. Percentage 
of induction of NQO1 activity relative to vehicle 
control was used to compare the tested samples. 

2.5. Metabolites profiling via UPLC/MS 

2.5.1. Extracts preparation for High resolution 
UPLC/MS analysis 

Dried leaves were ground with a pestle in a 
mortar using liquid nitrogen. Leaf powder (18 mg) 
was then homogenized with 1.8 ml 70% MeOH 
containing 10 μg/ml umbelliferone (as internal 
standard) using ultrasonic bath for 30 min. Extract 
was then vortexed vigorously and centrifuged at 
12000 g for 5 min and filtered through 22 μm pore 
size filter. Three μl were used for analysis. 
Samples were analyzed in positive and negative 
ionization mode. Chromatographic separations 
were performed following the exact reported 
conditions (Farag, M. A. et al., 2015) and assays 
were carried out in triplicates.   

2.5.2 MS data processing and multivariate 
analysis 

Metabolite profiles derived from UPLC–MS 
were performed using XCMS data analysis 
software, which can be downloaded as an R 
package from the Metlin Metabolite Database 
(http://137.131.20.83/download/) (Smith et al., 
2006) following the exact procedure described 
(Farag, M. A.  and Wessjohann 2012). Partial 
least squares-discriminate analysis (OPLS-DA) 
was performed via Metaboanalyst (http://metpa. 
metabolomics.ca./MetPA/faces/Home.jsp)(Miao 
and Fei 2002). Biomarkers for organs were 
subsequently identified by analyzing the S plot, 
which was declared with covariance (p) and 
correlation (pcor). All variables were mean 
centered and scaled to Pareto variance. 
 
RESULTSAND DISCUSSION 

3.1. Cancer chemoprevention (DCPIP 
reduction NQO1 activity assay) 

Treatment of hepa1c1c7 cells with crude 
extracts of C. sefrizii and A. butyraceae at a dose 
of 50µg/ml showed significant induction of NQO1 
enzyme up to 146% and 140%, respectively, 
compared to the vehicle control, suggestive for a 
promising chemopreventive effect. Further, upon 
fractionation with solvents of increasing polarities, 
activity variation to different extents were 
observed (Suppl. Table 1, Fig. 1). For example, 
almost all A. butyraceae extracts showed 
moderate activities except for the non-polar 
petroleum ether that exceeded that of crude 
extract with 169% significant induction suggestive 
that lypophilic metabolites mediate for its effects.  
In contrast, synergism among C. sefrizii extracts 
was further revealed up upon fractionation as all, 
except for its ethanol extract, exceeded its crude 
extract induction results.  Namely, petroleum 
ether, dichloromethane, ethyl acetate and butanol 
extracts significantly induced NQO1enzyme 
activity by 174%, 163%, 184% and 169%, 
respectively, compared to control (Suppl. Table 1, 
Fig.1). 

In an attempt to further identify metabolites 
likely to mediate for that effect, UPLC/qTOF-MS 
analysis was performed and further analysed 
using chemometric tools. 

3.2 High resolution UPLC/PDA/ESI-MS 
Chemical constituents of both C. seifrizii and 

A. butyraceae were analyzed via reversed-phase 
UPLC/PDA/qTOF-ESI-MS in both negative and 
positive ionization modes to provide a 
comprehensive coverage of metabolites 
composition (Farag, M. A. et al., 2013).  
Metabolites were identified by comparing retention 
time, UV/Vis spectra and MS data of the 
compounds detected with compounds reported in 
the literature and phytochemical dictionary of 
natural product database (Farag, M. A. et al. 
2015).  

A representative UPLC–MS base peak 
chromatogram of both extracts is shown in Suppl. 
Fig.1, and the structures of major metabolites 
discussed throughout the manuscript are shown in 
Fig.2. A total of 49 chromatographic peaks 
belonging to various metabolite classes were 
annotated in both plant's crude extract samples 
including flavonoids, phenolic acids, fatty acids 
and other miscellaneous compounds as listed in 
Suppl. Table 2. 
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Figure 1:  NQO1 inducing activity of the tested extracts from C. sefritzii and A. butyracea 

compared to the vehicle-treated control. Asterisks refer to significant difference revealed by one 
way ANOVA. SFN=sulforaphane at 5 µM. 

 

 
 
 

Figure 2. Structures of major metabolite classes identified in crude extracts of C. seifrizii and A. 
butyraceae. 
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Flavonoids 
Asides from their well-known pharmacological 

activities, flavonoids have long been recognized 
as lead compounds for synthesizing 
chemopreventive and chemotherapeutic agents 
(MagneNde et al., 2015).  The diversity in their 
action mechanism led for their potential use in 
cancer prevention and/or treatment (Valerio et al. 
2001, Amawi et al., 2017). Part of flavonoids 
protective role is attributed to modulating phase II 
enzymes activity e.g. NQO1 (Lee-Hilz 2007). 

Herein, a total of 18 flavonoid peaks were 
annotated in the crude extracts of both plants 
mostly as O- and C-glycosides in peaks 18, 20-
22, 24, 26-29, 33-41. MS/MS analysis aided in 
distinguishing glycoside type based on the nature 
of sugar losses i.e. readily cleaved sugar moieties 
from aglycone as entire fragment infers O-type 
glycosides, in contrary to C-glycosides that give 
rise to complicated non-homogenous fragments 
(Waridel et al. 2001, Davis and Brodbelt 2004).  

O-flavonoids 
Flavonoid-O-glycosides were detected in 

peaks 29, 35, 36 and 39.  The nature of attached 
sugar was revealed through mass losses that is 
162 amu (hexose; glucose or galactose), 146 amu 
(rhamnose), or 132 amu (pentose) and yielding 
ultimately its aglycone mass. Interestingly, 

flavones i.e. apigenin and luteolin were the 
predominant subclass in both plants' crude 
extracts as confirmed from its UV λmax< 350 nm 
(Mabry et al., 1970).  Comparison of flavonoid 
aglycones of different sub-classes revealed that 
apigenin and luteolin were among the most active 
ones for its in vitro activation of the transcription 
factor Nrf2 directly involved in NQO1 induction 
(Pallauf et al., 2017) 

C-flavonoids 
The fragmentation of C-glycosyl flavonoids 

includes dehydration and cross-ring cleavages of 
the glucose moiety as observed in peaks 20, 24, 
26, 28, 33 and 37 (Davis and Brodbelt 2004). For 
example, apigenin-C-glycoside identified as 
isoschaftoside was detected in peak 26 [(M-H)-

m/z 563.1390, C26H27O14], with the characteristic 
fragmentation pathway corresponding to the 0,6 
cleavage of pentose unit (m/z 473, -90 amu), and 
0,2 cleavage of hexose unit (m/z 443, -120 amu) 
in addition to m/z 353 [M-H-210]- ions (Suppl.Fig. 
S2). 

It can be differentiated from its isomer 
schaftoside, by the higher abundance of fragment 
m/z 473 due to the preferential fragmentation of 
the sugar at C-6-pentose rather than at C-8-
hexose (Colombo et al. 2008, Ibrahim et al. 2015)  

Similarly, luteolin-C-glycosides were identified in 
peaks 20, 22, 28 and 37. For example peak 20 at 
[M-H]-609.1438, C27H29O16

-, yielding MS 
fragments at m/z: 591 (M−H−H2O), 489 
(M−H−120), MS2 at m/z 399 (489−90), 369 
(489−120), and 327 (369-42) was annotated as 
leucenin-II (luteolin-6,8- di-C-β-D-hexoside) 
(Simirgiotis et al. 2013).. 

O/C flavonoids 
Several peaks showed sugar losses indicative 

of both O- and C- type glycosides identified in 
peaks 21, 22, 27 and 34. For example, orientin-7-
O-glucoside [(M-H)- 609.1440; C27H29O16

-] in peak 
22 (Suppl.Fig. S3) identification was based on 
MSMS fragments at m/z 489 [(M−H)-120], 
447[(M−H)-162] and 327 (Simirgiotis et al., 2013, 
Ibrahim et al. 2015). 

An acylated flavonoid detected in C. seifrizii 
was annotated as apigenin-C-hexose-O-hexose-
O-hydroxymethylglutaric acid (peak 34, Suppl.Fig. 
S4.) m/z 737.1913,C33H37O19

-. Identification was 
based on its diagnostic MS fragments at m/z 593, 
[(M-H) -144]− due to the loss of O-hydroxymethyl 
glutaric moiety, m/z 575, [(M-H) - 162]-due to the 
loss of O-hexose moiety, m/z 431 [(M-H)-144-

162]- and m/z 473 [(M- H) -144 - 120]−,m/z 413 
[(M-H)-144-120- 60]− alongside with m/z 353, 
[Agly + 83]− confirming apigenin as its aglycone 
moiety (Tahir et al. 2012). 

Methoxylated flavonoids 
Several methoxylated flavonoids were 

identified in both plants i.e. peaks 38, 40 and 41 
showing loss of methyl groups (- 15 amu, 
Suppl.Fig. S5).   For example, peak 41 annotated 
as dimethoxylated flavonol-O-hexoside [M-H]-

491.1180, C23H23O12
- showed fragments at m/z 

476 (- 15 amu; C22H20O12
-), 461 (M-H- 2 x CH3; 

C21H17O12
-), 329 (M-H-162 (hexose);C17H13O7

-) , 
314 (M-H-hexose-CH3; C16H10O7

-), 299 (M-H-
hexose- 2xCH3; C15H7O7

-) (Zhao et al. 2013). 
Methoxylated flavonoids are known to exhibit 
stronger biological effect as chemopreventive 
agents compared to their hydroxlyated analogues 
owing to better bioavialability and/or 
receptor/ligand binding with certain structure-
activity relationship guidance (Tsuji et al. 2013, 
Hamed et al. 2016). 

Phenolic acids 
As a common class of plant secondary 
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metabolites, phenolic acids can be found either in 
free or conjugated and like flavonoids, contribute 
mainly to the antioxidant activity of plant extracts. 
Using LC/MS, 11 phenolic acids were identified in 
peaks 7, 9-15, 19, 25 and 32 found as conjugates 
to either tartaric acid m/z 149, C4H5O6

-; malic acid 
at 133, C4H5O5

- or glucaric acid at m/z 209, 
C6H9O8

-. Phenolic acids were identified based on  
detected MS fragments for caffeic acid at m/z 
179,C9H7O4

-; quinic acid at m/z 191,C7H11O6
-; 

ferulic acid at m/z 193,C10H9O4
-; gentisic acid at 

m/z 153, C7H5O4
- and p-coumaric acid at m/z 163, 

C9H7O3
- (Suppl.Fig. S6) (Afzan et al. 2012, 

Flamini 2013, Martucci et al. 2014, Spínola et al. 
2015, Coutinho et al. 2016).  Esterified phenolic 
acids with organic acids detected exclusively in C. 
sefriziiare reported as recognizable NQO1 
inducers for their potent electron withdrawal effect 
(Dinkova-Kostova et al. 2004) and are likely to 
contribute for the significant effect of  polar 
extracts herein as butanol and ethyl acetate 
(Suppl.Table 1, Fig.1 ). 

Fatty acids 
The negative MS spectra revealed  for the 

presence of 6 oxygenated unsaturated fatty acids 
identified in A. butyraceae in an order of elution 
consistent with their degree of oxygenation at m/z 
327.2166, 329.2322, 309.2060, 293.2113, 
291.1959 and 295.2270 (peaks 43-48) as 
trihydroxy-octadecadienoic acid, trihydroxy-
octadecenoic acid, dihydroxyoctadecatrienoic 
acid, hydroxyoctadecatrienoic acid, oxo-
octadecatrienoic acid and 
hydroxyoctadecadienoic acid, respectively (Farag, 
M. A. et al., 2013).  

Miscellaneous  
5 annotated peaks belonged to different 

classes exemplified in peaks 16, 17, 23, 42 and 
49. Peak 42 [M-H]- 835.3761,C39H63O17S- was 
annotated as  a steroid  sulfated glycoside  
(Suppl. Fig. S7) showing the diagnostic loss of the 
sulfate group (80 amu, -SO3) at m/z 

755,C39H63O14
- which was followed by the loss of 

hexose (162 amu, C6H10O5) and rhamnose (146 
amu, C6H10O4) moieties to yield m/z 609, 
C33H53O10

-, m/z 593,C33H53O9
- and finally m/z 

447,C27H43O5
- for a steroidal nucleus.  The 

presence of m/z 689, C33H53O13S- and m/z 673, 
C33H53O12S- indicated the direct attachment of the 
sulfate group to the aglycone rather than the 
sugars. Sulfur containing compounds are of 
common occurrence in family Arecaceae (Polya 
2003, Teles and Souza 2018) well reported for 

their NQO1 inducing activity (Dinkova-Kostova et 
al. 2004) and justifying for plant extracts effect. 

Hydroxy-oxo-α-ionol hexoside (peak 23, 
Suppl.Fig.S8) showed [M-H]- at m/z 385.1851, 
C19H29O8

-and yielding fragment ions at m/z 223 
and 153 corresponding to the loss of 
hexosylmoiety (162 amu, C6H10O5

-) followed by 
the side chain (70 amu, C4H6O-) (Çalış et al. 
2002).  Two tartaric acid conjugates were 
detected in C. seifrizii at m/z 591.0952, C26H23O16

- 
and m/z 459.0889, C22H19O11

- in peaks 16 and 17, 
respectively, showing the loss of 132 amu, 
C4H4O5

- for tartarate moiety. Finally, peak 49 
detected in C. seifrizii was annotated as pigment 
phaeophytin A at m/z 871.5740; C55H75O5N4

+ with 
MSn data matching literature (Airs et al. 2001). 

 
3.3. Multivariate PCA and OPLS-DA analyses  

Although some differences in metabolite 
patterns were observed by simple visual 
inspection of UPLC-MS traces, we attempted to 
analyze UPLC-MS spectra in a more holistic way 
using principal component analysis (PCA) and 
orthogonal partial least square-discriminate 
analysis (OPLS-DA) to explore the relative 
variability within both plants.  Score plot in PCA is 
used to obtain an overview of the distribution of 
examined samples, whereas the corresponding 
loading plot reveals for metabolite components 
identified as molecular ion/Rt which contribute to 
the group differences (Yi et al., 2007). OPLS is 
another tool for producing a model of clearer 
interpretation. The S-plot obtained from OPLS-DA 
model is used in identifying the variables 
responsible for samples differentiation and thus 
are sometimes given the term of metabolite 
markers that are placed in the far outmost area in 
the plot (Consonni et al., 2009). 

PCA score and OPLS plots (Suppl. Fig.9A 
and C) showed clear classification of C. sefrizii 
and A. butyraceae crude extracts with PC1 and 
PC2 accounting for 93% of the variance.   

The separation observed among samples can 
be explained in terms of identified compounds 
using PCA loading plot and OPLS S-plot (Suppl 
Fig. 9B & D).  In detail, according to MS/Rt signals 
appearing in the loading plots as most variant, C-
flavonoids i.e. isovitexin and isoschaftoside were 
considered as markers for A. butyraceae while 
steroid-O-rhamnosyl-O-hexosylsulphate and 
apigenin-C-hexosyl-O-hexosyl-O-
hydroxymethylglutaric acid were found exclusively 
in C. seifrizii and accounting for its chemical 
distinction. 
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CONCLUSION 
The study demonstrates for the first time the 

potential role of Chamdorea sefrizii and Attalea 
butyraceae extracts in cancer chemoprevention 
mediated via NQO1 enzyme induction in murine 
hepatoma cell line Hepa-1c1c7. C. sefrizii's ethyl 
acetate and A. butyraceae's petroleum ether were 
the most potent NQO1 inducers among fractions 
with an induction of 184% and 169%, respectively. 
UPLC/qTOF-MS annotated 49 chromatographic 
peaks belonging to different classes viz. O/C/ 
methoxylated-flavonoids and conjugated phenolic 
acids that could mediate for that effect.  PCA and 
OPLS multivariate data analyses revealed for 
enrichment of apigenin-C-glycosides in A. 
butyraceae versus sulfated steroidal glycoside 
enrichment in C. seifrizii and to account for its 
chemical distinction.  The data presented not only 
support the use of both plants as 
chemopreventive agents; it also provides the first 
insight on the nature of compounds accounting for 
its biological effect.  Nevertheless, it should be 
noted that these findings are just a hint. They will 
have to be followed by more detailed studies in 
vivo, or ideally by studies on single, isolated 
compound to be more conclusive. 
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