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In the present study, the efficiency of three different solvents (H,0, acidified H,0, and 70% Methanol) for
metabolites extraction from the leaves of sugar beet (Beta vulgaris subsp. vulgaris var. rubra) was inves-
tigated along with their inhibitory activity on pancreatic a-amylase and lipase for obesity management.
The metabolic profile of the three extracts was analyzed by ultra-performance liquid chromatography
(UPLC) coupled with electrospray ionization high-resolution mass spectrometric (ESI-HRMS-MS). Mass
spectrometry-based molecular networking was employed to aid in metabolites annotation and for the
visual investigation of the known metabolites and their analogues. The study led to the tentative identi-
fication of 45 metabolites including amino acids, purine derivatives, phenolic acids, flavonoids, fatty
acids, and an alkaloid, articulating 24 compounds as a first time report from beet leaves along with 2
new putatively identified compounds: a flavone feruloyl conjugate (39) and a malonylated acacetin digly-
coside (40). The three extracting systems exhibited comparable efficiency for pulling out the secondary
metabolites from the beet leaves. The in vitro study supported this finding and demonstrated that the
three extracts inhibited the activity of both pancreatic a-amylase and lipase enzymes with no significant
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difference observed regarding the percentage of the inhibition of the enzymes. Conclusively, the extrac-

tion protocol has a minimal effect on the anti-obesity properties of beet leaves.

© 2020 THE AUTHORS. Published by Elsevier BV on behalf of Cairo University. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Obesity is a growing universal issue and regarded as one of
the utmost intimidations to global health in this era [1]. Statisti-
cally, more than two billion adults worldwide are overweight
among which 650 million of them are clinically obese |[2].
Currently, there are two distinct classes of drugs for obesity
management [3]. The first class acts by the inhibition of pancre-
atic lipase (orlistat), and hence reducing intestinal fat absorption
[4]. The second one counts on suppressing the appetiteor anorec-
tics represented by sibutramine [5]. However, both medications
have several drawbacks such as hypertension, xerostomia,
decreased bowel movements, headache, and sleeplessness
[6-8]. Accordingly, there is always a persistent demand for an
alternative approach to effective and safe obesity control [9].
Even though the widespread daily practice of consuming various
dietary supplements for obesity surveillance, their effectiveness
and safety are poorly investigated and have not yet persuasively
proved in such context [1].

Digestive enzymes such as pancreatic a-amylase and lipase are
known to be responsible for the oligosaccharides and triacylglyc-
erols hydrolysis into simple molecules. Naturally occurring
polyphenols are firmly ascertained to inhibit such digestive
enzymes which can govern the food caloric content by reducing
its absorption and prolonging the digestive process. By this means,
a bodyweight reduction could be an achievable task and conse-
quently yield significant health improvement [10].

A substantial number of reports has accentuated the nutritional
value and health benefits of functional foods. Special attention was
given to vegetables and fruits for their overall wellbeing effects
including reduced incidence of metabolic, cardiovascular disorders,
and cancers [11-13].

Beta vulgaris L. species belong to the Amaranthaceae family and
is widely distributed throughout Asian Turkey, the Mediterranean,
and Europe [14]. The species is recognized in traditional medicines
as an immunostimulant and as adjuvant therapy in cancer treat-
ment [15]. The Red beetroot ‘Beta vulgaris, subsp. vulgaris var.
rubra’ is widely used in folk medicines, besides its widespread
use in the food industry as food colouring [16]. Red beets represent
a rich source of natural nitrates which proved helpful in diseases
associated with low bioavailability of NO including hypertension
and endothelial function [17]. Several in vivo and in vitro reports
demonstrated innumerable biological activities for beetroots
including antioxidant and anti-inflammatory [18], antimicrobial
[19], stimulant of the hematopoietic and immune systems; renal
and hepatic protective, antioxidant, anti-inflammatory and antitu-
mor properties [20]. The antioxidant and antidiabetic potential of
beetroots advocates its possible use in obesity management
[21,22].

Beetroot phytochemicals were previously extracted with vari-
ous solvents including distilled water [23], 80% alcohol [24,25],
and acidified ethanol with citric acid [26,27]. Nevertheless, signif-
icant differences were observed in the content of the individual
compounds as affected by the solvent choice [25].

In this context and motivated by the public usage of beets
and its documented biological properties, this study fundamen-
tally focused on the exploration of the phytochemical con-
stituents of three different extracts (aqueous, acidified aqueous
with 1% ascorbic acid and 70% methanol) of B. vulgaris (sugar

beet) leaves using UPLC-PDA-(+) ESI-HRMS/MS . Mass spectral
similarity networking via the global natural products social
molecular networking platform (GNPS) was employed for the
visualization and exploration of the tandem mass spectrometry
data and to aid in dereplication of known metabolites and their
possible analogues. Simultaneously, the diminishing effect of the
three extracts of B. vulgaris leaves on pancreatic a-amylase and
lipase enzymes were inspected for their potential use for obesity
management.

Materials and methods
Plant material

Sugar beet leaves (Beta vulgaris, subsp. vulgaris var. rubra) were
obtained from local merchandise in Giza, Egypt in March 2018. A
plant sample was verified by Prof. Dr. Salwa Khawatshi, professor
of Taxonomy, National Research Centre, Cairo, Egypt. A voucher
specimen (M132) was deposited in the herbarium of the National
Research Centre (CAIRC), Phytochemistry and Plant Systematics
Department, National Research Centre, Dokki, Cairo, Egypt. The
leaves were cleaned thoroughly from the fine dust and debris with
bi-distilled H,O, ground to paste, and frozen at —20 °C for further
analysis.

Chemicals

Methanol (HPLC grade) was obtained from Fisher Chemical, UK.
Sodium formate (MS grade) was provided by Honeywell Fluka,
Germany. All other chemicals for phytochemical analysis and bio-
logical assays were purchased from Sigma-Aldrich (Merck, USA).

Preparation of the extracts

To extract the beet leaves metabolites, three different solvents
were used: bi-distilled H,O (a), acidified bi-distilled H,O with 1%
(w:v) ascorbic acid (b) and 70:30 MeOH: bi-distilled H,O (c). For
each extracting solvent, 500 ml were used to sonicate 250 g of
leaves for 30 min at 50 °C, each in triplicates. Extracts were then
filtered, evaporated under reduced pressure, and finally lyophilized
and kept frozen at —20 °C.

Sample preparation for HPLC profiling and MS analyses

The lyophilised samples of the three extracts (50 mg each) were
dissolved in 70% MeOH (HPLC-grade) with sonication (10 mins),
then centrifuged. Aliquots were then evaporated under reduced
pressure followed by freeze-drying for 48 hrs. For HPLC profiling,
10 mg of the dried extracts were dissolved in 500 pl MeOH
(HPLC-grade), each in triplicates, and 10 pl were injected. Mean-
while, triplicates of 1 mg in 250 ul MeOH (MS-grade) were pre-
pared for MS analysis consuming 5 ul as an injection volume in
the UPLC-MS analysis.

HPLC profiling

Profiling of the obtained extracts triplicates was achieved using
an HPLC system composed of Waters 1525 Binary Pump with a
7725i Rheodyne injection port; a Kromega Solvent Degasser:
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Waters 996 Photodiode Array Detector; and an Aeris peptide XB-
C18 (5 pm, 250 x 4.6 mm, Phenomenx). ACN (solvent A) and
H,0 + 0.1% TFA (solvent B) were used for the gradient elution of
the analytes at a steady flow rate of 0.7 ml/min, with an injection
volume of 5 pl. A non-uniform gradient was employed: for the ini-
tial 8 min, 10% A, then 30% A for 12 min, 35% A for additional
15 min, 50% A for 10 min, followed by 100% A for 10 min, 20% A
for 1 min, and lastly 10% A for the last 4 min. The detection wave-
lengths were 238, 280, and 336 nm.

UPLC-HRMS-MS analysis

MaXis-4G instrument (Bruker Daltonics, Bremen, Germany)
attached to an Ultimate 3000 HPLC (Thermo Fisher Scientific) were
used for HR-MS analysis. The HPLC-method was (0.1% FA in H,0 as
solvent A and MeOH as solvent B), an isocratic gradient of 10% B for
10 min, 10% to 100% B in 30 min, 100% B for an additional 15 min,
using a flow rate of 0.3 ml/min; 5 pl injection volume and UV
detector (UV/VIS) wavelength monitoring at 336, 280 and
238 nm. The separation was performed on a Nucleoshell 2.7 pm
150 x 2 mm column (Macherey-Nagel), and the range for MS
acquisition was m/z 50-1800. A capillary voltage of 4500 V, nebu-
lizer gas pressure (nitrogen) of 2 (1.6) bar, ion source temperature
of 200 °C, the dry gas flow of 9 L/min source temperature, and
spectral rates of 3 Hz for MS' and 10 Hz for MS? were used. For
MS/MS fragmentation, the 10 most intense ions per MS! were cho-
sen for subsequent CID with stepped CID energy applied. The
employed parameters for tandem MS were applied following
[28]. Sodium formate was used as a calibrant, and with acquired
data calibrated using a Bruker-developed script.

Data analysis and preprocessing

Data visualization was performed using Bruker Daltonics Data
Analysis 4.4, while Metaboscape 3.0 (Bruker Daltonics) was used
for molecular features selection. Raw data files were imported into
MetaboScape 3.0 for the entire data treatment and pre-processing.
T-ReX 3D (Time aligned Region Complete eXtraction) algorithm
was used for retention time alignment. It automatically detects
and combines isotopes, adducts, and fragments intrinsic to the
same compound into one feature. All detected features were dis-
played as a bucket table with their Rt, measured m/z, molecular
weight, detected ions, and their intensity in each sample [29].
The Bucket table was created with intensity threshold 10e* and
10e* for negative and positive ionization modes, respectively. The
retention time range was set from 1 to 35 min and the mass range
from 140 to 1800 m/z.

Molecular networking and metabolites annotation

The features list of the three extraction solvents was exported
from Metaboscape as two single MGF files for both of the positive
and negative measurements. Both MGF files were uploaded sepa-
rately to the GNPS online platform where two molecular networks
were generated with the online workflow (GNPS 2.0). A molecular
network was created with a cosine score above 0.65 and 0.7 for
positive and negative modes, respectively. The minimum number
of matched fragment ions was adjusted to 6. Further edges
between two nodes were kept in the network if (and only if) each
of the nodes appeared in each other’s respective top 10 most sim-
ilar nodes. The network spectra were searched against GNPS’ spec-
tral libraries using a minimum of 6 matched fragments for spectral
matching. Cytoscape 3.5.1 was used for molecular network
visualization.

Manual putative structures identification was achieved by sub-
mitting the preprocessed MS2.mgf output file from Metaboscape to

Sirius + CSI: FingerID 4.0.1 for the prediction of elemental compo-
sition (C, H, N, O, S, P) and molecular structure database search
with m/z tolerance set to 20 ppm using online Pubchem database
[30,31] and DEREP-NP database which was manually integrated
into the software [32].

Alpha-amylase inhibition

The a-amylase bioassay was performed as described by Miller
with some modifications [33,34]. In brief, potato starch was
mixed with 20 mmol L~! sodium phosphate buffer with
6.7 mmol L' sodium chloride to obtain a 0.5% w/v starch solu-
tion. For the preparation of the enzyme solution, 25.3 mg of
a-amylase (10 U mg 1) was stirred in 100 ml of cold distilled
water. Extracts solutions were made by dissolving them in a buf-
fer to afford a final concentration ranging from 1000 pg mL™! to
31.25 pg mL~'. Sodium potassium tartrate solution (12.0 g of
sodium potassium tartrate tetrahydrate in 8.0 ml of 2 M NaOH)
and 96 mmol L' of 3, 5 dinitro salicylic acid solution were
mixed for the colourimetric reagent. The control (acarbose as a
positive control) and the extracts solutions with concentrations
(75-600 pg/mL) were mixed individually with the starch solu-
tion and allowed to react with o-amylase in alkaline conditions
at 25°C. Maltose production was quantified by the reduction of
3,5-dinitrosalicylic acid to 3-amino5-nitrosalicylic acid. The
reaction was detected at 540 nm using ELX 808 (Bio-Tek
Instrumental, Italy). The following equation was employed for
the calculation of the percentages of inhibition: 100- [{A sample/
A control x 100].

Pancreatic lipase inhibition

Following Conforti protocol [35], the inhibition of pancreatic
lipase was evaluated. Pancreatic lipase aqueous solution (1
mgmL~!) was made from type II crude porcine enzyme. The solu-
tion of 4-nitrophenyl octanoate (NPC) (5 mmol L™!) in dimethyl
sulfoxide was prepared as the substrate. The reaction mixture
was executed as follows: 100 pl of 5 mmol L~' NPC, 4 ml of Tris-
HCI buffer (pH = 8.5), 100 pl of extract solutions in concentrations
from (12-100 pg/ mL), and 100 pl of enzyme solution. Next, the
prepared solution was incubated at 37 °C for 25 min before adding
the substrate. For the negative control, the same volume of
dimethyl sulfoxide was added instead of the extract solution. The
absorbance was measured in cuvettes at 412 nm using ELX 808
(Bio-Tek Instrumental, Italy). A blank sample without the enzyme
was measured for each extract. For comparison, orlistat was used
as a positive control at a final concentration of 20 pgmL~".The fol-
lowing formula was used to calculate the percentage of inhibition:
100- [{A sample/ A control} x 100].

Statistical analysis

Both enzymatic experiments were carried out in triplicates. The
results were given as mean values and standard deviations (SDs).
The differences among the various extracts were analyzed using
a one-way analysis of variance (ANOVA) followed by Tukey’s hon-
est significant difference post hoc test at p values < 0.05 [36]. A lin-
ear regression curve was employed to calculate the ICsq (extract
concentration that inhibits 50% of the enzyme activity). The hori-
zontal axis displayed the concentrations of the extracts, which
were (from 75 to 600 pg/ml) for a-amylase and (from 60 to
600 pg/ml) and pancreatic lipase. While the vertical axis presented
the percentage of inhibition [37]. All analyses were calculated
using SPSS v. 22.0 (IBM, Chicago, USA). Microsoft Excel 2010 was
used for graph construction.
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Results and discussion

HPLC and UPLC-HRMS/MS metabolites profiling of the extraction
solvents

This study aimed to chart the comparable efficiency of three dif-
ferent extracting solvents in terms of as many as attainable
metabolites from beet leaves. The HPLC profiling of the three dif-
ferent extracts including the triplicates exhibited insignificant dif-
ferences as seen in Suppl. Fig. S1 suggesting that the three solvent
(s) mixtures could be similarly and efficiently used for extracting
the beet leaves metabolites under the studied conditions.

Driven by the high similarity in the HPLC readings of the differ-
ent extracts, a holistic comparative secondary metabolic analysis of
the red beet leaves for 3 different extraction solvents was necessi-
tated via reversed-phase (RP-C18) UPLC-PDA-ESI-HRMS/MS in
both ionization modes. Overlaid base peak chromatogram (BPC)
for the three solvents is shown in Fig. 1.

Molecular networking-based categorization of beet leaves metabolites

Molecular networking depends on the fact that structurally sim-
ilar metabolites have similar MS/MS fragmentation patterns allow-
ing for the instantaneous visual investigation of identical
molecules, analogues, or compound families [38]. In other words,
it groups mass spectrometric data by mining spectral similarity
between the MS/MS fragmentation patterns of different but struc-
turally related metabolites. Within the network, each node corre-
sponds to one consensus MS/MS spectrum, and is typically labeled
with the neutral precursor mass. Nodes having common fragmenta-
tion patterns are connected with edges (lines). In this study, node

and edge attributes were used, so that the colour of the node corre-
sponds to the origin of the sample (used extraction solvent). Nodes
were displayed as a pie chart to reflect the semi-relative abundance
of each ion in the three extracts. The edges were employed using
either their thickness as a caliber to the similarity between the con-
nected nodes or as a measure of the mass shifts between the associ-
ated variants during the dereplication process.

Two networks were separately generated for the positive and
negative ionization modes using the GNPS 2 platform (Figs. 2 &
3). The positive network contained 107 nodes compromising 8
clusters and 71 self-looped nodes whereas the negative afforded
a total of 88 nodes arranged into 10 clusters and 49 self-looped
nodes. The created networks allowed the visual inspection of the
different compound families, analogues and aided in isomers dis-
crimination. Clusters A in positive network, A & B in the negative
network comprised the C-glycosidic flavones and their acylated
derivatives (Figs. 2 & 3). Nevertheless, cluster A (Fig. 3) in the
positive network was the one mostly used for the exploration of
C-glycosidic flavones complemented with their fragmentation
pattern in the negative ionization mode. While in the negative
network (Fig. 2), clusters C, D, and E represented the flavonol
0O-glycosides, phenolic acids, and fatty acids, respectively. Other
identified metabolites appeared as self-looped nodes within both
of the networks.

UPLC-HRMS/MS metabolites annotation

Putative metabolites annotation was counted based on their
retention times, molecular formula, UV absorption maxima, and
their fragmentation pattern in comparison to previously reported
data aided with the molecular networking investigation and GNPS
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spectral library search combined with the suggested fragmentation
trees by Sirius. In total, 45 compounds belonging to different
metabolite classes were tentatively identified including amino
acids, purine derivatives, phenolic acids, flavonoids, fatty acids,
and an alkaloid (Table 1). More than 50% of the annotated features
(24 compounds, chiefly phenolic acids, and C-glycosidic flavones)
are reported for the first time from the beet leaves along with 2
new putatively identified metabolites as a flavone feruloyl conju-
gate (39) and malonylated acacetin glycoside (40).

Amino acids and derivatives: Glutamine 1 and tryptophan 9 [39]
were detected only in the positive mode whilst tryptophan N-
glycoside 8 [40] was observed in the negative mode and appeared
in the spectral network as self-looped nodes. Their identifications
were based on their retention times, UV absorbance, molecular for-
mula, and their fragmentation patterns.

Substitution may differ.

Purine derivatives: Guanosine 2 and methylbutenyl isoguanine 5
were also annotated as stated earlier [41,42].

Alkaloids: A self-looped node in the positive spectral network
was found for the first time abundantly in the H,O extract of beet
leaves as a pyrrolizidine alkaloid, trachelanthine 6. It exhibited a
molecular ion at m/z 302.1956 [M + H]" with a formula of
Cy5sHp7NOs and a characteristic product ion at mjz 184.17
[M + H-CgH140,] in accordance with Hama & Strobel, 2019 [43].

Phenolic acids and their derivatives:

The negative network using MS/MS data managed to gather the
closely related phenolic acid glycosides together as cluster D
encompassing compounds 4, 7, 13, and 14 (Fig. 2). Dihydroxy ben-
zoic acid methyl ester-O-hexoside, 4 had a parent ion at m/z
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OH O

Fig. 3. Full molecular networking created using MS/MS data in the positive mode from extracts of the leaves of B. vulgaris subsp. vulgaris var rubra. Nodes are labelled with
parent mass. The network is displayed as pie chart with blue, red and orange colours representing distribution of theprecursor ion intensity in the acidified H,0, H,0, 70%
MeOH extracts correspondingly. While, nodes with bold edges are nodes which matched with GNPS spectral libraries. * Substitution may differ.

329.087 [M-HJ, C14H1309 and a base peak at 167 [M-H-162]", due
to the loss of the hexose moiety [44]. Meanwhile, compound 7, m/z
359.0986 [M-H] as C;5H50010, was connected to 4 with a mass dif-
ference of 30 Da as a possible extra OCH,. The fragments observa-
tion at m/z 197 [M-H-162]" and m/z 153 [(M-H-162)-44] referring
to the elimination of hexose moiety and CO,, respectively eased its
assignment as syringic acid hexoside 7 [45]. Ferulic acid hexoside
13 and sinapic acid hexoside 14 were also allied in the same cluster
exhibiting in their negative MS? distinctive fragment ions at m/z
193 and m/z 223 owing to identical losses of O-hexosyl moiety,
respectively [22,46].

While other phenolic features 3 & 11 were marked as self-
looped nodes in the negative network due to their different frag-
mentation behavior which was reflected in their putative identities
either as a non- or di-glycosylated species in contrast to 4, 7, 13
and 14 assumed to be mono-glycosylated variants. Thus, com-
pound 3 was assigned to be 2-hydroxyl-cinnamaldehyde, with a
molecular ion at m/z 149.0600 [M + H]*, and a molecular formula
CoHgO, with fragment ions formed by losses of H,0 (-18 Da) and
CO (-28 Da) [47]. However, Compound 11 was annotated as hydro-
xyl benzoyl hexosyl deoxyhexoside with m/z 445.1351[M-H],
Cy9H2601, supported by the characteristic product ions at m/z
283 [M-H-162] for the loss of a hexose motif and m/z 137 [M-H-
162-146] for the consecutive loss of a deoxyhexoside moiety
[48]. Assisted by spectral similarity networking, the occurrence
of 2-hydroxyl-cinnamaldehyde 3, dihydroxybenzoic acid methyl
ester-O-hexoside 4, syringic acid hexoside 7 and hydroxy benzoyl
hexosyl deoxyhexoside 11 was possible for the first time in beet
leaves.

Ferulic acid conjugates appeared as scattered four nodes in the
negative network implying their peculiar fragmentation behavior.
Compound 12 was assigned as feruloyl pentosyl-hexoside based
on its molecular ion at m/z 487.1453 [M-H], C;;H23013 and its
characteristic base peak at m/z 193 after losing pentosyl and hex-
osyl moieties [46]. Compound 15, m/z 459.1506 [M-H] with a for-
mula of C,gH,504; as non-previously reported feature in B. vulgaris,
was dereplicated as butane-tetraol (O-feruloyl) -O- hexoside (pae-
derol B) evidenced by a daughter ion at m/z 193 [(M-H-162)-104]
thanks to the losses of a hexose and butan-tetraol moieties [49].
Similarly, a parent ion [M-H]" at m/z 443.1199 with two key frag-

ment ions at m/z 267 [M-H-176] suggesting glucoronic acid moi-
ety loss and m/z 193 [M-H-176-73] for the glucoronosyl glycerol
allowed the characterization of compound 16 as feruloyl glu-
curonosyl glycerol, formerly found in B. vulgaris cell cultures but
not from beet leaves [50]. An additional N-containing phenyl-
propanoid was found to be a N-feruloyl-methoxytyramine 41 with
a molecular formula of C;gH,{NOs, m/z 342.1352 [M—H]", along-
side two characteristic peaks at m/z 178, and 148 as previously
described in the literature [51].

C- glycosidic flavones and their acylated derivatives:

Flavone C-glycosides were the most abundant metabolite class
in the beet leaves. They compromised cluster A in the positive
and A & B in the negative spectral networks (Figs. 2 & 3). MS/MS
could nicely differentiate between O-glycosyl and C-glycosyl
derivatives. Neutral losses of 162 / 132 or 146 corresponds to O-
hexoside | pentoside or deoxyhexoside, respectively. Whereas,
the fragmentation of C-glycosylated derivatives exhibits loss of
H,O0 [M-18], and cross ring cleavages of the sugar moieties
observed as [M-120/90] *- for C-hexosides, [M-90/60] *- for C-
pentosides and [M-104/47] * for C- deoxyhexosides [52]. Addi-
tionally, neutral losses of 42 and 86 accounts for acetylation and
malonylation, respectively [46]. Further, the dereplication of the
C- glycosidic flavones was much facilitated with the created net-
works that allowed the visualization of analogues and the quick
discrimination of isomers, if any. The mass differences between
the connected nodes accentuated the underlying structure modifi-
cations. For instances, mass differences of 14 Da or 30 Da were
often due to a sugar replacement (pentoside to hexoside and vice
versa), while 42 Da and 86 Da were characteristic of acetylated
and malonylated descendants, respectively. While the acetylated
and malonylated derivatives were connected together with 44 Da
mass difference.

The first eluted flavone glycoside was (iso)vitexin 6”-O-
pentoside 10, which had a parent ion at m/z 565.1570 [M + H]",
Co6H25014 and an abundant ion at m/z 433 [M + H-132]" for the loss
of a pentose unit and m/z 313 [(M + H-132)-120]" characteristic for
the cross ring cleavage of C-glycosyl derivatives [52].
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Table 1
Identified metabolites in the different extracts of the leaves of B. vulgaris subsp. vulgaris var. rubra.
Compound Rt Proposed structure [M+H]" [M-H| MS? Molecular formula Extraction  References
number (min) (error in ppm) solvent
a b C
1 1.76  Glutamine 175.1197 129 CeH14N405, (3.9) Vv [39]
2 2.85  Guanosine 284.0996 152 Ci10H13N505, (2.2) v v GNPS
libraries,
[41]
3 41 Hydroxy-cinnamaldehyde* 149.0600 121,130 CoHgO,, (1.9) v vV 147]
4 4.13 Dihydroxybenzoic acid methyl ester-O- 329.087 167, 152, 123 Cy14H1809, (0.92) v vV [44]
hexoside *
5 4.2 Methylbutenyl isoguanine* 220.1185 130 C10H13N50s, (3.6) Vv [42]
6 457  Trachelanthine* 302.1956 184,123 C15Hy7NOs, (1.71) v v Vv [43]
7 4.6 Syringic acid O- hexoside* 359.0986 197, 153 Cy5H20010, (0.63) v v Vv [45]
8 5.03 Tryptophan N-hexoside 365.1356 203 Cy7H22N507, (1.59) Vv v [40]
9 5.9 Tryptophan 205.0977 188, 146, 118 C11H12N,0;, (2.5) v GNPS
libraries,
[39]
10 5.8 6"-0-pentosyl (iso)vitexin 565.157 433,313 Ca6H28014, (3.2) v v GNPS
libraries,
[52]
11 6.11 Hydroxybenzoyl O-hexosyl-O- 4451351 283,137 C19H26012, (0.32) v v Vv [48]
deoxyhexoside*
12 6.91 Ferulic acid O-pentosyl-hexoside 487.1453 193 C31H25013, (0.84) v v vV [46]
13 7.04 Ferulic acid O-hexoside 355.1035 193, 178, Cy6H2000, (0.2) v oV Vv [22,46]
14 7.48  Sinapic acid -O- hexoside 385.1145 223,208 C17H22010, (1.2) v v v [46]
15 7.63 Butane-tetraol-O-feruloyl-O- 459.1506 193,175 C20H28012, (0.13) v v Vv [49]
glucopyranoside. paederol B*
16 8.62 Ferulic acid-O-glucuronosyl glycerol 443.1199 267, 249, 193, Cy9H24013, (1.37) v v v [50]
175,134
17 9.04  Apigenin di- C-hexoside 595.1513 593.1515 473, 413,313 Cy7H30015, (0.34) v o v Vv 53]
18 9.12  Apigenin di- C-hexoside isomer 595.1595 593.1515 473,413,313 Cy7H30015, (1.77) v v v 53]
19 9.3 Apigenin -C- -deoxyhexoside O - hexoside* 579.1717 577.1567 415, 311 Cy7H30014, (0.72) v v v GNPS
libraries,
[52]
20 9.41 Apigenin C -deoxyhexoside O - hexoside 579.1702 577.1567 415, 311 Ca7H30014, (0.72) v v GNPS
isomer”* libraries,
[52]
21 9.48 2" O-pentosyl (iso)vitexin 563.1410 413,293 C6H28014, (0.6) v v GNPS
libraries,
[54]
22 9.50  (iso)vitexin-6""-malonyl-2"-O- pentoside 651.1561 649.1403 563, 455, 311 Ca9H30017, (0.725) v v Vv [46]
23 9.6 Acetyl 2”” O-pentosyl (iso)vitexin* 605.1523 563, 413, 293 C28H30015 (0.1) v v Vv [55]
24 9.92  Apigenin -C- hexoside 433.1136 431.1054 313,283 C21H20010, (2.04) vV ovoVv [22]
25 9.99 Isorhamnetin di- O-hexoside 641.172 639.1565 317, 315 CagH32017, (1.35) v v Vv [46]
26 10.15 malonyl (iso)vitexin 2”-0-hexoside 681.1599 679.152 575,455,311,  C30H3,043, (0.32) v v Vv [46]
293
27 10.23  Acetyl apigenin- C-pentoside- C-hexoside* 605.1521 563, 545, 455,  CygH30015, (1.61) v v Vv [52]
353, 311
28 10.25 (iso)vitexin 6"-acetyl 2’-O- hexoside* 635.1626 455, 413, 293 Ca9H3,016 (0.2) v v v [52]
29 10.26 (iso)vitexin-6"-malonyl-2""-O- pentoside 651.1556 649.1415 563, 455, 311 C9H30017, (1.38) v v Vv [46]
30 10.39 Isorhamnetin -O- pentoside O-hexoside* 609.1465 315 Cy7H30016 (0.2) v v GNPS
libraries,
[58]
31 10.45 Isorhamnetin -O- pentoside O- hexoside 609.1461 315 Cy7H30016 (0.2) v v GNPS
isomer”* libraries,
[58]
32 10.48 malonyl 6”-0-deoxyhexosyl -C-hexosyl 663.1633 545, 311 C30H32017, (0.9) v v Vv [52]
apigenin *
33 10.62  Acetyl apigenin- C-pentoside- C-hexoside* 605.1515 563, 545, 455, Ca8H30015, (0.44) v v Vv [52]
353, 311
34 11.02 Malonyl (iso)vitexin * 519.114  517.0986 413, 341, 311 C4H»,013, (0.07) v v v [57]
35 11.2  Acacetin di- C-hexoside* 607.1669 487, 293 CogH3,015 (2.1) v v Vv [56]
36 113 malonyl 6”-0-deoxyhexosyl -C-hexosyl 663.1561 545, 311 C30H32017, (0.85) v v Vv [52]
apigenin *
37 11.8  Acacetin-C-hexoside —2”-O-pentoside* 579.1716 577.1565 427, 307 Ca7H30014, (1.9) v v v [39]
38 12.06 Dihydroxy dimethoxy flavone -C-hexoside 607.1636 457, 337 Ca8H35015 (2.3) v v Vv [52]
2"- O pentoside*
39 12.61 Tetrahydroxy monomethoxy flavone -O- 815.2035 639, 315 C3gH40050, (0.15) v vV oV
feruloyl hexosyl hexoside™*
40 12.8  Acacetin-C-malonyl hexoside-O-pentoside**  665.1723 533, 447, 327 C30H32047, (1.75) Vv Vv
41 14.27 N -feruloyl-methoxytyramine 3421352 178, 327, 148 C19H21NOs, (1.44) v v v [51]
42 173 Trihydroxy-octadecadienoic acid 327.2178 211 Cy8H3,0s, (0.4) 4 v [59]

(continued on next page)
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Table 1 (continued)

Compound Rt Proposed structure [M+H]" [M-HJ] Ms? Molecular formula Extraction  References
number (min) (error in ppm) solvent
a b C
43 18.6 Pinellic acid, trihydroxyoctadecenoic acid 329.2336 171 Cy8H340s, (0.9) V4 v [59]
44 18.74 trihydroxyoctadecenoic acid isomer* 329.233 229,171, 127 Cy8H340s, (0.17) v v Vv [68]
45 19.26 trihydroxy-octadecadienoic acid 327.2187 239,171, 229 Cy8H3,0s, (0.71) v v v [59]

Solvent a: H,0 extract, b: acidified H,0 extract, ¢: 70% MeOH: H,O0.
*Compounds reported for the first time in beet leaves.
**Compounds not previously described in nature.

With the aid of feature-based molecular networking (GNPS 2)
platform, isomers could be discriminated by their retention time
difference within the same cluster reflecting its advantage over
the classical one. Apigenin 6,8-di-C-hexoside isomers, compounds
17 & 18 were observed as two separate connected nodes with
the same parent ion within cluster A in both networks (Figs. 2 &
3) indicating a possible isomeric structural features. The extracted
ion chromatograms furthermore confirmed the presence of two
isomers rendered as two discrete peaks eluted at 9.04 and
9.12 min. with a molecular ions [M-H]|" at m/z 593.1515 and
595.1595 [M + H]" corresponding to a formula of Cy7H3¢0;5. The
direct attachment of 17 & 18 to compound 10 with a mass shift
of 30 Da as probable OCH, extension with characteristic fragments
at m/z 473 [M-H-120] for the cross ring cleavage of C-hexoside
moiety and m/z 413 (loss of an additional 60 Da) perceived the
replacement of O-pentoside into C-hexoside. Thus, both com-
pounds were assigned as apigenin 6,8-di-C-glucoside, previously
identified in B. vulgaris leaves [53]. Equivalently, two additional
isomers 19 and 20 eluted at 9.30 and 9.41 min. could be recognized
as two nodes linked by a thick edge with a null mass difference in
the ions constellation (Fig. 2). Their linkage by delta mass of 14
(+CHy), and 16 (-0) Da to 10, and 17 & 18, respectively propagated
their assignment as apigenin C-deoxyhexoside-O-hexoside isomers
boosted by MS? fragments at m/z 415 [M-H-162] for the loss of O-
hexose moiety and a base peak at m/z 311 [M-162-104-H] indica-
tive of C-deoxyhexoside moiety [52].

Within the same cluster (Fig. 2), compounds 19 & 20 were clo-
sely associated to an ion feature 21 with a mass difference of 14 Da
having a parent ion at m/z 563.1409 [M-H]~ and a formula of
C,6H28014. Considering the suggested MFs difference, 14 Da could
point to CH;, that was traced up in the MSMS comparatively against
19 & 20 to allocate the structural variation. A dual modification
was suggested in the attached sugars as O-pentoside rather than
0O-hexoside concerning the fragment observed at m/z 413 [M-H-
150] and C- hexoside unit instead of C-deoxyhexoside correspond-
ing to m/z 293 for an extra loss of 120 amu. Accordingly, it was
annotated as (iso)vitexin 2”’-O-pentoside as previously reported
in beet leaves [54].

In parallel, compounds 22 and 29, tentatively identified as (iso)
vitexin-6""-malonyl-2""-O- pentoside, were directly recognized as
likely isomeric structures since they were visualized as two bound
ions sharing the same precursor ion in the same cluster within the
positive network (Fig. 3). They exhibited molecular ion peaks at m/
z 649.1415 [M-HJ;, 651.1561[M + H]* suggesting a molecular for-
mula of C9H30047. Their annotation was based on their observed
negative MS? spectra having fragment ions at m/z 563 [M-H-86]
accounting for the loss of a malonyl group, m/z 455 [M-H-44-
150] for an extra loss of 2”’-O-pentoside moiety and the character-
istic fragment at m/z 311 of apigenin C-hexosides [46].

While compound 24 appeared as a significant ion, in cluster A in
the positive network (Fig. 3) due to its linkage to most of the con-
stituting nodes. It was connected to compounds 10 with a mass
difference of 132 Da, 162 Da to 17 & 18, 146 Da to 19 & 20 and

86 Da to 35. Consequently, it was assigned as apigenin C-
hexoside possessing a parent ion at m/z at 433.1139 [M + H]"
and 431.1056 [M-H] and a molecular formula of C;;H5004o. The
observation of m/z 343 [M + H-90]" and 313 [M + H-120]" as a sup-
portive product ions in the positive mode clarified the cross-ring
fissions in the C-hexoside moiety [22].

Whereas, compound 26 with [M-H]| at 679.1518, C30H3,015
correlated to apigenin di-C-hexoside (17 & 18) with a mass differ-
ence of 86 Da signifying a probable malonylated derivative (Fig. 2).
However, its negative MS? spectrum afforded a product ion at 455
[M-H-(162)-18]" which is characteristic of 2”-0-glycosyl-C-
glycosyl derivatives rather than the C-glycosyl ones. Other
observed ions were m/z 635 [M-H-44] for CO, elimination, and
575 [M-H-86-18]  for the loss of malonyl group. Hence, it was iden-
tified as malonyl (iso)vitexin-2"-O-hexoside [52].

The negative EIC of 605 Da displayed 3 distinct peaks sharing
the same elemental composition C,gH300¢5. The first one eluted
23 at 9.6 min. followed by two isomers 27 & 33 at 10.31 and
10.64 min. However, their MS? spectra were quite different such
that compound 23, 605.1523|M-H]|" showed the fragmentation
pattern of acetylated 2”’-O-pentosyl C-glycosides with fragments
at m/z 563 [M-H-42]", m/z 413 for an extra loss of 150 Da signifi-
cant of the cleavage of 2”’-0-pentosyl moiety followed by the loss
of 120 Da indicating a C-glycoside flavone [55]. And hence, it was
supposed to be an acetyl 2”-O-pentosyl (iso)vitexin which was
additionally certified by its presence in C-glycosidic flavones clus-
ter of the spectral negative network being connected to the
malonylated (iso)vitexin pentosides (22 & 29) with a 42 Da mass
difference (Fig. 2). Inversely, the full mass spectra of 27 and 33
revealed di-C-glycosidic derivatives with identical fragment ions
at m/z 563 [M-H-42] corresponding to the loss of acetyl group,
m/z 455 [(M-42-18)-90-H]" from the cross ring cleavage of C-
glycosidic moieties and m/z 353, 311 characteristics for apigenin
di-C-glycosides. Consequently, they were annotated as acetylated
apigenin C-hexoside C-pentoside isomers [52].

Compound 28 was found with a molecular ion of 635.1626 [M-
H]™ and a formula of C,gH3,016. Its direct association to compound
23 in the negative spectral network (Fig. 2) with an extra 30 Da
(OCH,) along with its fragmentation pattern proposed a hexoside
derivative rather than a pentoside one. This assumption was even
confirmed by its fragmentation sequence with a fragment at 455
[M-H-180] for the loss of 2”-O-hexosyl moiety followed by the
loss of 42 Da at m/z 413 significant of its acetylation and finally a
fragment at m/z 293 characteristic of apigenin C-hexosides.
Accordingly, it was identified as (iso)vitexin 6-acetyl 2”-O-
hexoside [52].

Similarly, cluster A in the negative mode (Fig. 2) showed addi-
tional distinct isomers 32 and 36 with m/z 663.15611 [M-H] cor-
related to the malonylated (iso)vitexin pentosides (22 & 29) with a
mass shift of 14 Da which was followed in their MS? spectra to sug-
gest the presence of a O-deoxyhexosyl moiety instead of pentosyl.
This was again supported with the observed key fragment ions at
m/z 545 [M-H-86-18] due to loss of H,0O along with the malonyl
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group, m/z 311 [M-H-146-120] proving the loss of O-deoxyhexosyl
moiety and cross cleavages of a C-hexosyl residue characteristic for
6”-0-deoxyhexosyl C-hexosyl derivatives [52]. Accordingly, they
were tentatively assigned as malonyl 6”-O-deoxyhexosyl C-
hexosyl apigenin congeners.

The EIC of m/z 607.1669 [M-H]" with a molecular formula of
C,sH3,0:5, unexpectedly revealed two peaks as 35 and 38 at
11.20 and 12.06 min., respectively with quite different MSMS
which was further validated by the spectral network as two dis-
crete nodes. Compound 35 was found to group with the C-glyco-
sidic flavones within negative cluster B (Fig. 2). Its MS? spectrum
showed the presence of a fragment ion at m/z 487 for [M-H-
120] and the absence of the aglycone ion, which is typical of di-
C-glycosyl flavones. This evidence, along with the UV-vis spectrum
led to its assignment as dihydroxy monomethoxy flavone di-C-
hexoside; acacetin di-C-hexoside [56]. Differently, compound 38
which was observed as a self-looped node and displayed a different
fragmentation pattern in which daughter ions at m/z 457 [M-H-
132-18] characteristic for the cleavage of 2”-O-pentosyl moiety
and m/z 337 [(M-H-150)-120] typical for C-hexosyl derivatives
were monitored. As a result, it was annotated as dihydroxy
dimethoxy flavone C-hexoside 2”-O-pentoside [52].

Other flavone C-glycosides like 34 and 37 were also pictured as
self-looped nodes in the negative mode while in the positive mode
they were assembled within cluster A (Figs. 2 & 3). Such ion scat-
tering in the negative mode could be explained in the light of the
fewer generated fragments which are the key parameter for the
ions assembling. Such ions assemblage in the positive mode prop-
agated the annotation of these ions through the observed mass
shifts of the connecting edges. For example, compound 34, m/z
517.0986 [M-H] C4H;,013, was found to be in a direct connectiv-
ity with the formerly annotated apigenin C-hexoside 24 with a
mass difference equals to 86 Da which could be possibly envi-
sioned as an extra malonylation. The existence of confirmatory
fragment ions as m/z 413 [M-H-86-18] revealing the loss of a mal-
onyl unit together with m/z 311 with 341 characteristics for the C-
hexoside moiety breakdown of the flavone led to its assignment as
malonyl(iso)vitexin [57].

Likewise, compound 37 was depicted as structurally related
congener to 21 with an additive CH, taking into account the sug-
gested molecular formulas. Manual inspection of the comparative
MS? spectra delivered a typical fragmentation behavior to 21 with
a constant mass shift of 14 Da, m/z 427 & 413 [M-H-150]" and m/z
307 & 293 [(M-H-150)-120]" permitting the allocation of such
extra 14 Da on the aglycone moiety which led to its identification
as acacetin C-hexoside-2"-0-pentoside [56].

A unique feature 39 appeared as a self-looped node in the neg-
ative network (Fig. 2) at m/z 815.2035 [M-H] having a chemical
formula C3gH00,0. The MS? spectrum showed fragment ions at
m/z 639 [M-H-177] pointing to a potential loss of a feruloyl moiety
and m/z 315 [(M-H-177)-324] for the loss of di-O-hexoside units
(Fragmentation scheme and MS? spectrum are shown as Suppl.
Fig. S2, S3). Thus, it was tentatively identified as tetrahydroxy
monomethoxy flavone-O-feruloyl hexosyl hexoside as a possible
new natural product.

While the positive spectral network (Fig. 3) revealed an ion fea-
ture 40 with a parent ion at m/z 665.1723 [M + H]" . It was directly
linked to a previously annotated acacetin O-pentosyl C-hexoside
37 and with close relatedness to compound 22 in the positive
molecular network, (iso) vitexin 2”’-0-(6""-malonyl) hexoside with
a mass difference of 14 Da (CH,) proving the methylation of the
aglycone moiety. When considering the generated molecular for-
mula of C3gH3;017 along with the recognized mass difference of
86 Da, a probable malonylation of 37 was assumed. Comparing
the fragmentation patterns of the two compounds additionally
validated this assumption where shared fragment ions from the

cleavage of an O-pentosyl moieties [M + H-132]" at m/z 447 and
533 for 37 & 40, respectively were found (Fragmentation scheme
and MS? spectrum for compound 40 are shown as Suppl. Fig. 4,
S5). Whereas, m/z 447 [M + H-132-89]" was spotted later for
compound 40 from the sequential loss of a malonyl group. Other
shared characteristic fragments at m/z 327 representing the loss
of 120 Da as a cross ring cleavage of a C-hexoside moiety
conclusively facilitated its tentative assignment as acacetin
O-pentosyl malonyl C-hexoside that was not previously reported
in nature.

Among the identified known C-glycosidic flavones: apigenin C-
deoxyhexoside-O-hexoside 19 & 20; (iso)vitexin 2”-0-(6”-malonyl)
hexoside 22 & 33, acetyl apigenin C-pentoside C-hexoside 27 & 32,
malonyl 6”0-deoxyhexosyl-C-hexosyl apigenin 31 & 36, malonyl
(iso)vitexin 34, acacetin di-C-hexoside 35, acacetin C-hexoside -
2"-0-pentoside 37 and dihydroxy dimethoxy flavone C-hexoside
2"-0-pentoside 38 are reported for the first time to occur in beet
leaves along with the putatively annotated new compounds
tetrahydroxy monomethoxy flavone-O-feruloyl hexosyl hexoside
39, and acacetin O-pentosyl C-malonyl hexoside 40.

Flavonol O-glycosides as a distinct compound family were laid
out as cluster C having 3 closely related nodes in the negative spec-
tral network, exclusively (Fig. 2). The first of which was isorham-
netin di-O- hexoside 25, exhibited a molecular ion at m/z
641.172 [M + H]* and 639.1565 [M—H]" corresponding to a chem-
ical formula of C,3H3,047 and fragment ions at m/z 317 [M + H-
324]*, 315 [M-H-324]" attributed to the loss of two hexose moi-
eties [46]. Two positional diglycosylated isorhamnetin isomers 30
& 31, m/z 609.1465 [M-H], were in a direct connection to 25 with
a 30 Da difference (OCH;) proposing the replacement of one of the
hexoses with a pentose moiety. This was further affirmed with the
detected formula of Cy;H300;¢ and their MS? spectra which
showed an abundant ion at m/z 315 [M-H-132-162] from the loss
of O-pentosyl and O-hexosyl moieties. Hence, they were tenta-
tively assigned as not previously reported isorhamnetin O-
pentoside O-hexoside isomers in beet leaves [58].

Fatty acids: additionally, the ESI-MSMS spectra showed the
presence of polyhydroxylated fatty acids in the negative spectral
network as an individual family (Fig. 2). The observed four nodes
cluster represented two trihydroxy-octadecadienoic acid isomers
42 & 45 along with two trihydroxy-octadecenoic acid isomers 43
& 44. They exhibited molecular ions at m/z 327.2178 [M—-H]
(C18H3205) and m/z 329.2336 (CygH3405), respectively [59] with
MS? spectra, in which sequential elimination of H,O [M—H—18]
followed by multiple losses of CH, [M—H-14]" were spotted.

W |[C50 for pancreatic lipase inhibition M [C50for a-amylase inhibition
186,69 181,8
150,35
23,88 25,04 24,5

Acidified H20 Extract H20 Extract Methanol Extract
Fig. 4. 1Cso values for the inhibition of pancreatic a- amylase and lipase enzymes
with beet leaves extracts. Data are presented as (Mean + S.D.) *: indicates significant

difference at p < 0.05.
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m % of inhibtion of Pancreatic lipase

91,3
70,1
: I

Acidified H20 Extract

% of inhibition of a- amylase

91,07 91,7

I : I

H20 Extract

Methanol Extract

Fig. 5. Pancreatic o- amylase and lipase inhibition of beet leaves extracts at 300 ug/
ml and 100 ug/ml, respectively. Data are presented as (Mean + S.D.) *: indicates
significant difference at p < 0.05.

Pancreatic o- amylase and lipase inhibition by different
extracts of beet leaves

Lately, numerous studies have proved the potentiality of plant
extracts to inhibit the digestive enzymes x-amylase and pancreatic
lipase [1,34,60]. Inhibition of carbohydrate-hydrolyzing enzymes,
such as a¢-amylase may aid in obesity management by delaying
glucose absorption and overall carbohydrate digestion time. Lipase
inhibition is another important tactic for obesity prevention
through the suppression of triglycerides absorption.

As shown in Figs. 4 & 5, the three extracts inhibited the
a-amylase activity with the lowest ICso for the aqueous extract
150.35 + 3.7 pg/ml while the other two extracts exhibited quite
similar ICsq values. Likewise, the three extracts inhibited the pan-
creatic lipase equivalently as proved with their ICso values with
an average of 24.47 ng/ml. No significant difference was observed
between the three extraction solvents regarding the percentage
of the enzyme inhibition. This can be capitalized that all three
designed extraction schemes are efficient enough for grabbing
the active compounds to exert the desirable biological potency.

(Dose-response curves for the enzymes’ activity are displayed
as Suppl. Fig. S6 & S7. While the dose-response curve of the
enzymes’ inhibition with the three extracts are provided as Suppl.
Fig. S8-S13).

The observed results could be ascribed to the phenolic metabo-
lite(s) present in the beet leaves. Naturally occurring phenolics are
reported to regulate carbohydrate and lipid metabolism, by modi-
fying the activity of digestive enzymes [61,62]. More specifically,
several investigations proved the potential health benefits of natu-
ral flavonoids in obesity management [63] especially the C- glyco-
sidic flavones which exerted potent inhibitory action on pancreatic
lipase as previously reported by [64]. More particular, vitexin or
extracts containing vitexin were proved to exert anti-obesity activ-
ity through different mechanisms of action [65,66].

To the best of our knowledge, this is the first report for the ben-
eficial effect of beet leaves for the prevention and/or treatment of
obesity. Although the in vivo antidiabetic and lipid-lowering poten-
tial of beet leaves extracts were previously proved by [22,67].

Conclusion

The effectiveness of three extracting systems (H,0, 1% acidified
H,0 with ascorbic acid and 70%MeOH) of beet leaves for pulling
out the secondary metabolites from the beet leaves were compared
via holistic UPLC-HRMS/MS analysis. Molecular networking
propagated metabolite profiling allowed the dereplication of 45

metabolites belonging to diverse classes among which 24 were
not formerly described in beet leaves including a putative descrip-
tion of 2 new metabolites, namely a flavone feruloyl derivative (39)
and a malonylated acacetin di-glycoside (40). Full structural
elucidation of these novel metabolites using other spectroscopic
techniques ie, NMR post isolation should now follows.
Simultaneously, the inhibitory activities of the three extracts were
tested against pancreatic o-amylase and lipase enzymes for its
possible use for obesity management. All three extracting solvents
were proved statistically efficient and maintained the desired bio-
logical activity. These results may help to expand the potential
health benefits of beet leaves for obese people as well as being a
rich source of nutraceuticals. However, additional studies are
essential to determine its biological activity in more complex sys-
tems and various food matrices both in in vitro and in vivo diges-
tion processes.
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