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Abstract: Securigera varia (Fabaceae) is a common herbaceous perennial plant widely
growing in Europe and Asia and purposely established for erosion control, roadside planting,
and soil rehabilitation. The aim of this study was to determine the radical scavenging
activity of a crude methanol extract of S. varia aerial parts by using the free radical DPPH
(1,1-diphenyl-2-picrylhydrazyl) and to rapidly identify the compounds involved in this
activity. The crude extract was initially separated in five fractions on Diaion HP20 resin and
the most active part was fractionated by Centrifugal Partition Extraction (CPE). Known
compounds were directly identified by a '*C-NMR-based dereplication method. Semi-preparative
high performance liquid chromatography purification experiments were further performed
to identify unknown or minor active compounds. As a result, one new (13) and twelve known
flavonoid glycosides together with three nitropropanoylglucopyranoses were isolated, including
astragalin (1), kaempferol-3-O-(6-O-acetyl)-p-D-glucopyranoside (2), kaempferol-3,4'-di-O-
B-D-glucopyranoside (3), trifolin (4), isoquercitrin (5), hyperoside (6), isovitexin (7), isoorientin
(8), isovitexin 4'-O-B-D-glucopyranoside (9), apigenin 7-O-B-D-glucuronopyranoside (10),
luteolin 7-O-B-D-glucuronopyranoside (11), apigenin 7-O-a-L-rhamnopyranosyl-(1—2)-p-D-
glucuronopyranoside (12), apigenin 7-O-B-D-glucopyranosyl-(1—2)-B-D-glucuronopyranoside
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(13), 6-O-(3-nitropropanoyl)-p-D-glucopyranoside (14), coronillin (16) and coronarian (15).
120 mg of the most active compound isoorientin against the free radical DPPH was recovered
by CPE with an HPLC purity of 99%.

Keywords: S. varia; Fabaceae; DPPH; flavonoids; centrifugal partition extraction;
dereplication; *C-NMR

1. Introduction

In recent years, one area which attracted a great deal of attention is the possible therapeutic use of
antioxidants to control degenerative diseases associated with marked oxidative damage [1,2]. This led
to an increasing interest in natural substances with antioxidant properties [3]. Phenolic substances are
recognized as natural antioxidants and have received much attention due to their role in the neutralization
or scavenging of free radicals [4]. Flavonoids are classified as mixed antioxidants [5] because they are able
to donate protons to free radicals, and are still able to prevent the formation of reactive oxygen species
(ROS) either through inhibition of enzymes involved in oxidative processes, or by chelating metal traces
involved in their production [6]. The role of flavonoids as antioxidants has also attracted interest due to
their pharmacological properties related to protection against cardiovascular diseases [4].

Securigera varia (synonym Coronilla varia) is a creeping, perennial legume belonging to the
Fabaceae family [7]. Its chemical composition includes nitropropanoylglucopyranoses, cardenolides,
and flavonoids [7-10]. S. varia is cardiotonic [11] and the seeds of this plant have shown a potential
antitumour activity due to their cardenolide content [ 12,13], whereas the MeOH extract of its aerial parts
have demonstrated an antibacterial activity [ 14]. However, the antioxidant activity of this plant has never
been reported. The aim of this study was to evaluate the radical scavenging activity of a crude methanol
extract of S. varia aerial parts by using the stable free radical DPPH (1,1-diphenyl-2-picrylhydrazyl) and
to rapidly identify the compounds responsible for the observed activity. For this purpose, the crude extract
was initially separated in five fractions on Diaion HP20 resin and the most active one was fractionated by
Centrifugal Partition Extraction (CPE). The known compounds recovered as simplified mixtures in the
CPE-generated fractions were directly identified by a recently developed dereplication method [15] and
tested against the stable radical DPPH. This method consists in '*C-NMR analyses of the fraction series,
automatic collection and binning of '*C signals across spectra and hierarchical clustering analysis (HCA)
of the resulting dataset. The aim of this pattern recognition approach is to measure the statistical
correlations between '*C-NMR signals in the spectra of successive fractions in order to determine the
presence of individual compounds by visualizing their carbon skeletons as “chemical shift clusters”.
These clusters are assigned to molecular structures by using an in-house '*C-NMR database of natural
metabolites containing the predicted '*C chemical shifts of all known S. varia metabolites [7—13]. This
dereplication approach was completed by further semi-preparative high performance liquid chromatography
purification experiments in order to identify unknown or minor active compounds. As a result, one new
(13) and twelve known flavonoid glycosides (1-12) together with three nitropropanoylglucopyranoses
(14-16) were isolated from the aerial parts of Securigera varia. The structures were established by NMR
and mass spectrometry as well as by comparison to their spectral data (MS, 'H- and '*C-NMR) found in
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the literature. Structure-activity relationships between the identified molecular structures were identified
and their free radical scavenging activity were also investigated.

2. Results and Discussion

The MeOH extract of the aerial parts of S. varia exhibited a significant DPPH radical scavenging effect
with an ECso value of 92.6 pg/mL. In order to isolate the compounds involved in this antioxidant action,
a bioactivity-guided fractionation strategy was applied throughout the separation procedure. Among the five
fractions (from A to E) obtained from the initial crude extract by Diaion HP-20 column chromatography,
fraction C exhibited the highest DPPH radical scavenging activity with an ECso of 35 +2.0 pg/mL (Table 1).
This value is close to that obtained for ascorbic acid (ECso 31 £+ 0.1 pg/mL). Accordingly, fraction C was
further subjected to CPE fractionation and a *C-NMR-based dereplication method was applied to identify
the major known compounds responsible for this radical scavenging activity. The biphasic solvent
system composed of MrBE/MeCN/water (3:3:4, v/v) in CPE was used in the ascending mode (i.e., the
upper organic phase was used as the mobile phase) to recover moderately polar compounds such as
flavonoid derivatives from 1.8 g of fraction C. After pooling the collected fractions on the basis of TLC
profile similarities, sixteen adjacent sub-fractions (F1-F16) containing simplified mixtures or even pure
compounds were obtained. As illustrated in Figure 1, the total mass collected during the CPE elution
step from F1 to F15 represented 63.3% of the injected quantity, while 36.7% of the initial fraction C
constituents—the most polar ones—were strongly retained in the stationary phase (F16) of the CPE
column and obtained by simple emptying of the column. Among these sub-fractions, F13 was the most
active against the stable free radical DPPH with an ECso value of 8.0 + 0.2 pg/mL followed by F7, F12,
and F14 exhibiting ECso values of 28.7 + 0.9, 26.8 + 0.8, and 27.7 + 0.5 pg/mL, respectively (Table 1
and Figure 1). The other fractions were significantly less active than the positive reference ascorbic acid.
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Figure 1. Mass and DPPH radical scavenging activity of the CPE fractions obtained.
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Table 1. DPPH radical scavenging activities of MeOH extract, fractions, and compounds
isolated from S. varia ®.

X Mass of DPPH Radical Scavenging
Fraction
Fraction Activity ECso (ug/mL) ®
MeOH extract 80 g 92.6+3.2
A 505¢ >200
B 48 ¢ 50+1.9
C 72 ¢ 35+£2.0
D 124 ¢ 75+22
E 48¢ >200
Compounds identified in the fraction (Peak area) ¢
F1-F2 137 mg >200
F3-F4 136 mg 1 (85%) >200
F5 97 mg 1 (75%), 5 (8%), 6 (11%), 15, 16 1653+ 1.7
F6 82 mg 1 (28%), 2, 4 (16%), 5 (40%), 6 (9%), 15, 16 65.7+3.4
F7 57 mg 5 (62%), 6 (19%), 15, 16 28.7+0.9
F8 30 mg 5 (13%), 6 (34%), 7 (43%) 428+0.3
F9 24 mg 6 (5%), 7 (88.9%) 85.8+2.8
F10 63 mg 7 (93.7%) >200
F11 25 mg 7 (74.5%), 8 (25.5%) 62.0+2.7
F12 60 mg 7, 8 (63%) 26.8+0.8
F13 120 mg 8 (99%) 8.0+0.2
F14 70 mg 8 (73%), 14, 15 27.7+0.5
F15 240 mg 3 (10%), 9 (27%), 11 (10%), 14 972423
) k16 660 mg 10 (60%), 11 (5%), 12 (10%), 13 (10%) 133.5+£2.8
(stationary phase)
DPPH radical scavenging activity ECso (uM) °
Compound 5 435+1.5 20.2+0.7
Compound 6 269+1.9 125+0.9
Compound 8 17.8+0.4 8.0+£0.2
Compound 11 37.4+0.8 173+ 0.4
Ascorbic acid © 176.1 £0.5 31+0.1

2: 50% inhibition not achieved at 200 pg/mL for compounds 1-4, 7, 9-10, and 12-16; : Values are presented
as the mean + S.D. (n = 3); ©: Used as a positive control; % Peak area in HPLC analytic analysis at 275 nm
(when % > 5%).

In parallel to DPPH scavenging assays, fractions F1-F16 were all analyzed by '*C-NMR for
dereplication [16]. Automatic peak picking and binning of '3C signals across spectra resulted in a table
with 16 columns (one per fraction) and 267 rows (one per chemical shift bin containing at least one '*C
signal in at least one fraction). Hierarchical Clustering Analysis (HCA) was applied on the rows of the
resulting table. In this way, statistical correlations between '3C-NMR resonances belonging to a single
structure within the fraction series were easily visualized as “chemical shift clusters” in front of the
corresponding dendrograms. As illustrated in Figure 2, several well-defined clusters were intensely
colored in red on the resulting two-dimensional HCA correlation map.
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Figure 2. ’'C-NMR chemical shift clusters obtained by applying HCA on CPE fractions.

Cluster 1 corresponded to an intense cluster of sixteen *C-NMR chemical shifts. After entering these
NMR chemical shift values into the database containing the structures and predicted '*C-NMR chemical
shifts of =1200 natural compounds among which 27 known metabolites from S. varia, the structure of
isoorientin (8) was proposed as the first hit of over eight proposals. This structure was successfully
confirmed by finding all NMR chemical shifts of isoorientin in raw NMR data of fractions F13 where
the intensity of cluster 1 was predominant [17]. Isoorientin was also detected as the major compound in
fractions F12 and F14. By applying exactly the same approach, cluster 2 was identified as isovitexin (7).
Its structure matched as the first hit over 10 proposals from the database and was confirmed by finding
all 1*C chemical shifts in raw NMR data of fractions F9 and F10 [16]. Astragalin (1) matched as the first to
hit over 25 proposals for cluster 3 [18]. Regarding cluster 4 which corresponded to a cluster of 12 *C-NMR
chemical shifts, cibarian, 6-mono-(3-nitropropanoyl)-D-glucopyranose, and coronillin matched as first,
second, and third hits, respectively. However, when trying to find the *C-NMR chemical shifts of each
of these compounds in the spectra of fractions F4, F5, and F6, the unambiguous assignment of cluster
4 to a molecular structure was not successfully achieved because several of these structurally close
nitropropanoyl-D-glucopyranose derivatives were mixed as minor compounds in these fractions already
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containing predominantly astragalin. Cluster 5 that corresponded to an intense cluster of 21 3C-NMR
chemical shifts was successfully assigned to isoquercitrin (5) in F7 and F8 [18]. The other NMR
chemical shift clusters obtained by HCA did not match any of the compounds stored in the database,
hence precluding identification of additional S. varia metabolites by dereplication. To conclude on this
dereplication work, four major flavonoids of the crude methanolic extract of S. varia aerial parts
including isoorientin (8), isovitexin (7), astragalin (1), and isoquercitrin (5), were rapidly identified by
dereplication. Isoorientin was largely predominant in F13 (99% of HPLC purity at 275 nm) and thus was
certainly involved in the very low ECso value (8.0 = 0.2 pg/mL) of this fraction. The significant DPPH
radical scavenging activity of isoorientin comparable to that of ascorbic acid was previously reported [19].
Isovitexin (7) was the major compound in F9 and F10 (88.9% and 93.7% of HPLC purity at 275 nm,
respectively), while astragalin was the major compounds in F4 and F5 (85% and 75% of HPLC purity at
275 nm, respectively) accompanied by a mixture of minor nitropropanoyl-D-glucopyranose derivatives.
The ECso values obtained for these fractions, although showing an antioxidant potential, were significantly
lower than that of F13 (Figure 1).

In an attempt to better understand if particular molecular structure patterns are directly involved in
the DPPH radical scavenging effect of flavonoids, further semi-preparative reversed phase HPLC
(RP-HPLC) purification experiments were performed to identify more S. varia metabolites in the CPE
fraction series. As a result, one new compound (13) and twelve known flavonoid glycosides together
with three nitropropanoylglucopyranoses were isolated including four flavonoids already identified by
dereplication (1, 5, 7, and 8), in addition to kaempferol-3-O-(6-O-acetyl)-B-D-glucopyranoside (2) [20],
kaempferol-3,4’-di-O-B-D-glucopyranoside (3) [21], trifolin (4) [22], hyperoside (6) [23], isovitexin
4'-O-B-D-glucopyranoside (9) [7], apigenin 7-O-B-D-glucuronopyranoside (10) [24], luteolin 7-O-B-D-
glucuronopyranoside (11) [24], 7-O-a-L-rhamnopyranosyl-(1—2)-B-D-glucuronopyranoside (12) [25],
6-0-(3-nitropropanoyl)-p-D-glucopyranoside (14), coronillin (16) and coronarian (15) [10,26] (Figure 3).

R, R,
14 H H OH o

15 H NPA )]\/\
16 NPA  NPA NPA = NO

Figure 3. Structures of compounds 1-16 isolated from the aerial parts of Securigera varia.
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All isolated compounds (1-16) were then evaluated for their DPPH radical scavenging effect.
As summarized in Table 1, only compounds 5, 6, 8, and 11 exhibited ECso values ranging from 8.0
to 20.2 pg/mL whereas the 50% DPPH inhibition was not reached even at 200 pg/mL for the other
compounds. The purification of fraction F7 that exhibited an ECso value of 28.7 + 0.9 pg/mL (Table 1
and Figure 1) yielded isoquercitrin (5) which was already identified by dereplication, hyperoside (6), as
well as two minor compounds coronillin (16), and coronarian (15). The activity of F7 was thus attributed
to both 5 and 6 since compounds 15 and 16 were not active at 200 pg/mL (Table 1). The semi-preparative
RP-HPLC purification of fraction F6 that showed a moderate radical scavenging activity (ECso 65.7 +
3.4 pg/mL) afforded compounds 5 and 6 as previously isolated from F7, isovitexin (7) as previously
identified by dereplication, but also trifolin (4) and kaempferol-3-O-(6-O-acetyl)-B-D-glucopyranoside (2).
Since compounds 2, 4, and 7 were not active at 200 ug/mL, the activity of F6 was also attributed to
both 5 and 6 (Table 1). Fraction 8 that showed moderate antioxidant activity with an ECso value of
42.8 + 0.3 ug/mL also yielded isoquercitrin (5), in addition to hyperoside (6) and isovitexin (7) after
semi-preparative RP-HPLC purification, and the activity of this fraction was attributed to hyperoside and
isoquercitrin (Table 1). Fraction 10 contained 63 mg of isovitexin (7) (93.7% of HPLC purity at 275 nm).
Fraction F13 contained 120 mg of isoorientin (8) (99% of HPLC purity at 275 nm). The purification of
fraction F15 that showed low DPPH radical scavenging activity (ECs0 97.2 + 2.3 pg/mL) led to the isolation
of 6-O-(3-nitropropanyl)-D-glucopyranoside (14), kaempferol-3,4’-di-O-B-D-glucopyranoside (3), isovitexin
4'-O-B-D-glucopyranoside (9), in addition to the active compound 8. The purification of fraction F16
which corresponded to all compounds retained inside the aqueous stationary phase during the CPE
fractionation experiment and that exhibited low activity (ECso 133.5 + 2.8 pg/mL) yielded luteolin 7-O-3-D-
glucuronopyranoside (11), apigenin 7-O-a-L-rhamnopyranosyl-(1—2)-p-D-glucuronopyranoside (12),
apigenin 7-O-B-D-glucuronopyranoside (10), and compound 13. Results in Table 1 indicated that
compound 11 (ECso 17.3 pg/mL) was the only active compound in fractions F15 and F16. Altogether
these results revealed that the radical scavenging activities of the tested flavonoids were correlated with
the number and position of phenolic hydroxyl groups in the molecules. Bioactivity data confirmed that
ortho-dihydroxyl groups in the B-ring and the 2,3-double bond in conjugation with 4-oxo function in the
C-ring play a crucial role in radical-scavenging activity in DPPH assay [27—-34]. These trends are consistent
with less active flavonoids (14, 7, 9, 10, 12, and 13) that possess mono-OH substitution in the B-ring.
Results indicated that the flavone C-glycoside (8) is more active than the 7-O-flavone glycoside (11)
that was in agreement with previous findings indicating that glycosylation at C-7 position decreased the
radical-scavenging activity [35]. Comparison of antioxidant activity of isoquercitrin (5) and hyperoside
(6) indicated that glycosylation with a galactose unit at C-3 position (6) was most favorable for the
antioxidant activity than glycosylation with a glucose residue (5).

During this study, a new compound (13) was isolated as a yellow, amorphous powder. Its HR-ESI-MS
spectrum acquired in the positive ion mode showed an [M + Na]" ion at m/z 631.1283, indicating the
molecular formula of C27H28016. The UV spectrum showed an absorption maximum at 269 and 334 nm,
suggesting that 13 is a flavonoid glycoside. The downfield region of the 'H-NMR spectrum showed two
spin systems exhibiting correlations in the COSY experiment, the first spin system at 6 7.92 (d, 8.7 Hz,
H-2"and H-6") and 6.96 (d, 8.7 Hz, H-3'and H-5") and the second one at 6 6.52 (d, 1.8 Hz, H-6) and 6.86
(d, 1.8 Hz, H-8). These two systems together with a singlet at 6 6.69 (H-3) suggested the presence of an
apigenin aglycone in compound 13. Complete assignment of the remaining resonances of the aglycone
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in the 3C-NMR spectrum of 13 was achieved by analysis of the HSQC and HMBC spectral data, which
confirmed the presence of apigenin (4',5,7-trihydroxyflavone) [25]. A full list of the corresponding
assignments is given in the experimental section.

The sugar region of the 'H-NMR spectrum showed the presence of two sugar units, with anomeric
proton signals at & 5.44 (d, 7.0 Hz, H-1") and 6 4.70 (d, 7.8 Hz, H-1"") correlating in the HSQC
experiment with the anomeric carbons at 6 98.3 and 103.6. Analysis of 2D NMR experiments revealed
the presence of a terminal B-D-glucopyranosyl unit (du-17 5.44) and a B-D-glucuronic acid in pyrane form
(0u-14.70). Complete assignment of each glycoside proton system was achieved by analysis of COSY,
HSQC, and HMBC experiments. Their B-configuration was evident from the large coupling constant of
the anomeric protons. The pronounced downfield shift of C-2" of the glucuronic acid (& 82.7) and the
HMBC correlation between H-1"" and C-2" indicated that the glucopyranose unit was linked to C-2" of
the glucuronopyranose unit. A correlation between H-1" of glcA and dc 162.9 in the HMBC spectrum
of 13 defined C-7 of apigenin as the site of O-glycosylation. Therefore, the structure of compound 13 was
determined as apigenin 7-O-B-D-glucopyranosyl-(1—2)-B-D-glucuronopyranoside.

3. Experimental Section
3.1. Solvents and Reagents

1,1-diphenyl-2-picrylhydrazyl (DPPH), ascorbic acid, deuterated dimethyl sulfoxide (DMSO-ds),
and deuterated methanol (methanol-ds) were purchased from Sigma-Aldrich (Saint-Quentin, France).
Methyl tert-butyl ether (M/BE), acetonitrile (MeCN), methanol (MeOH), trifluoroacetic acid (TFA),
chloroform (CHCI3), and dimethyl sulfoxide (DMSO) of analytical quality were purchased from VWR
(Fontenay-sous-Bois, France). Deionized water was used to prepare all aqueous solutions.

3.2. Plant Material and Extraction

The aerial parts of Securigera varia (L.) Lassen were collected in Reims (Moulin de la Housse),
north-east of France in April 2013, and dried at room temperature. A flowering voucher specimen is
deposited in the Herbarium of the Botanic laboratory-Faculty of Pharmacy, University of Reims
Champagne-Ardenne, under the sheet reference MA-2014-01, the identity of which was verified by
Dr A. Alabdul Magid.

The dried and powdered aerial parts of S. varia (500 g) were macerated in methanol (15 L) at
room temperature for 48 h. After filtration, the organic phase was evaporated to dryness under reduced
pressure to afford 80 g of MeOH extract. This starting crude extract was evaluated for its radical
scavenging activity.

3.3. Fractionation Experiments

The crude MeOH extract of S. varia (80 g) was dissolved in 500 mL of distilled water and rapidly
fractionated by Column Chromatography (CC) on a Diaion HP-20 resin (5.5 x 40 cm, Sigma-Aldrich,
Saint-Quentin, France) eluted successively with 2 L of 0%, 25%, 50%, 75%, and 100% MeOH in H:O,
to give five fractions (A: 50.5 g, B: 4.8 g, C, 7.2 g, D: 12.4 g, and E: 4.8 g, respectively) (Figure 4). All
fractions were also tested for their radical scavenging activity, and the most active (fraction C) was
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further fractionated by Centrifugal Partition Extraction (CPE) on a lab-scale column of 303 mL capacity
(FCPE300®, Rousselet Robatel Kromaton, Annonay, France) containing seven circular partition disks,
engraved with a total of 231 oval partition twin-cells (=1 mL per twin cell). The biphasic solvent system
(3 L) was prepared by mixing M/BE, MeCN and water in the proportion 3:3:4 (v/v/v) in a separatory
funnel. The CPE column was filled with the aqueous stationary phase at 200 rpm by using a KNAUER
Preparative 1800 V7115 pump (Berlin, Germany). After accelerating the rotation to 1200 rpm, 1.8 g of
fraction C dissolved in 25 mL of a mixture of the aqueous and organic phases (2:3; v/v) were injected
through a 30 mL sample loop. The organic mobile phase then was pumped at 20 mL/min in the ascending
mode. Fractions of 20 mL were collected over the whole experiment by using a Pharmacia Superfrac
collector (Uppsala, Sweden) and were combined according to their thin layer chromatography (TLC)
profiles. TLC was performed on pre-coated silica-gel 60F2s4 Merck with the migration solvent system
CHCI3/MeOH/H20 (8:2:0.2; v/v/v), and visualized under UV light at 254 and 365 nm and by spraying
the dried plates with 50% H2SOs4, followed by heating. As a result, 16 sub-fractions (F1-F16) were obtained.

Dry aerial parts of S. varia powder
(500 g)

- Maceration in MeOH (15 L)
at room temperature for 48h
- Filtration

A\

MeOH extract (80 g)

- Diaion HP-20 resin CC
(5.5 x40 cm)
- Elution with H,0:MeOH
| | I ] 1

100:0 (2L) 75:25 (2 1) 50:50 (2 L) 25:75(2 L) 0:100% (2L)
Fr. A (50.5 ¢) Fr.B(4.8g) | Fr.C(7.2¢) | Fr.D(124g)  FrE(48g)
[ — 1. ........... J

‘ Evaluation of radical scavenging activity of Fr. A-E (DPPH) ‘

- Centrifugal Partition Extraction (CPE)
- 1.8 ginjected
- MtBE-MeCN-H,0 3:3:4 (v/v/v)

2 \1/ \1/ \1/ \1/ \l, ] \1, v oV \1/ J Stationary

phase
F3-4 F5 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16
(136 mg) (96 mg) (82 mg) (57 mg) (30 mg) (24 mg) (63 mg)(25 mg) (60 mg) (120 mg) (70 mg) (240 mg) (660 mg)
| | | | |
‘ Evaluation of radical scavenging activity of F1-F16 (DPPH) / HPLC analysis / analysis by 3C NMR for dereplication ‘

[
> 1(4 mg) 4 mel é 17 me)
o g 9 (42 mg) T 1 >12(6 mg)
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Evaluation of radical scavenging activity (DPPH) of compounds 1-16

|

Active compounds 5, 6, 8, and 11 (EC;, 17.8 - 43.5 pM)

Figure 4. Extraction scheme for isolation of antioxidant compounds from S. varia aerial parts.
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3.4. 3C-NMR-Based Dereplication of the CPE-Generated Fractions

A recently developed dereplication method was used to rapidly identify the major metabolites present
in the fractions obtained from the CPE experiment [15]. Briefly, an aliquot of each fraction (=20 mg)
was dissolved in 600 pL methanol-ds and analyzed by *C-NMR at 298 K on a Bruker Avance AVIII-600
spectrometer (Karlsruhe, Germany) equipped with a TXI cryoprobe. *C-NMR spectra were acquired at
150.91 MHz. A standard zgpg pulse sequence was used with an acquisition time of 0.909 s and a relaxation
delay of 3 s. For each sample, 1024 scans were co-added to obtain a satisfactory signal-to-noise ratio.
The spectral width was 238.9070 ppm and the receiver gain was set to the highest possible value. A 1 Hz
line broadening filter was applied to each FID prior to Fourier transformation. Then spectra were manually
phased and baseline corrected using the TOPSPIN 3.2 software (Bruker) and calibrated on the central
resonance of MeOH-d (8 47.60 ppm). The absolute intensities of all '>*C-NMR signals were automatically
collected and each peak list was stored as a text file. The collected peaks in the fraction series were
subsequently binned by using a locally developed computer script written in Python language. Its principle
was to divide the '3C spectral width (from 0 to 220 ppm) into regular chemical shift intervals (A5 = 0.2 ppm),
and to associate the absolute intensity of each *C peak to the corresponding bin. The resulting table was
imported into the PermutMatrix version 1.9.3 software (LIRMM, Montpellier, France) for clustering
analysis on raw peak intensity values. The classification was performed on the rows only, i.e., on the
chemical shift bins. The Euclidian distance was used to measure the proximity between samples and the
Ward’s method was applied to agglomerate the data. The resulting *C chemical shift clusters were
visualized as dendrograms on a two-dimensional map. The higher the intensity of *C-NMR peaks, the
brighter the color on the map (Figure 2). In parallel, a literature survey was performed to obtain names and
structures for a maximum of S. varia metabolites already described in the literature. In total, 27 compounds
were found, mostly including flavonoids and to a lesser extent nitropropanoylglucopyranoses and
cardenolides. They were added to a locally built *C-NMR chemical shift database (ACD/NMR Workbook
Suite 2012 software, ACD/Labs, ON, Canada) comprising the structures and predicted chemical shifts of
other natural products (n = 1200 in June 2015). For metabolite identification, each '*C chemical shift
cluster obtained from HCA was manually submitted to the structure search engine of the database
management software. A *C-NMR chemical shift tolerance of +2 ppm was used, and the computation
time for each search was less than 1 s.

3.5. Isolation and Structure Determination of Minor Compounds

Semi-preparative HPLC was performed on a Dionex system equipped with an ASI-100 autosampler,
a P580 pump, a Phenomenex column (Luna 5 pm C18 100 A, 250 mm x 15 mm) a diode array detector
UVD 340S and the Chromeleon software. The mobile phases consisted of 0.025% TFA in H20 and
MeCN. A flow rate of 5 mL/min was used and the chromatograms were monitored at 205, 225, 275, and
350 nm. Fractions F6 and F7 obtained by CPE were further purified by using the following gradient:
20% MeCN increased to 30% in 25 min to yield compounds 16 (Rt 11.3 min; 3 mg), 15 (Rt 12.3 min;
5mg), 1 (Rt 13.1 min; 4 mg), 5 (Rt 14.3 min; 5 mg), 6 (Rt 16.3 min; 4 mg), 4 (Rt 17.5 min; 5 mg) and 2
(Rt 20.5 min; 2 mg). The purification of fraction F15 by semi-preparative HPLC using the gradient:
MeCN increased from 5% to 15% in 12 min then to 25% in 18 min led to the isolation of compounds 14 (Rt
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11.5 min; 3 mg), 3 (Rt 12.5 min; 4 mg), and 9 (Rt 20.5 min; 42 mg). The purification of the aqueous phase
(F16) by semi-preparative HPLC using the gradient: MeCN increased from 15% to 25% in 25 min yielded
compounds 11 (Rt 18.7 min; 7 mg), 12 (Rt 20.5 min; 6 mg), 10 (Rt 23.9 min; 7 mg), and 13 (Rt 17.2 min;
6 mg).

The molecular structures of the purified compounds were elucidated by 1D 'H and '*C and 2D COSY,
HSQC, and HMBC NMR analyses in MeOH-d4 or DMSO-ds on a Bruker Avance DRX III-500 by using
standard Bruker pulse sequences. ESI-MS experiments were performed using a Micromass Q-TOF
micro instrument (Manchester, UK). Analytical HPLC was performed to determine the HPLC-purity
(at A =210 and 275 nm) of the isolated compounds on the same Dionex system. The chromatographic
column was a Luna (5 pum C18 100 A, 250 mm x 4.6 mm) and the elution was performed by using the
following gradient: 10% MeCN increased to 30% in 25 min at 1 mL/min. Optical rotations were
determined in MeOH with a Perkin-Elmer 341 polarimeter. UV spectra were recorded on Shimadzu
UV-2450 spectrophotometer in MeOH. All sugar moieties were unambiguously identified by using an
acid hydrolysis method as previously described [36]. Briefly, 500 mg of fraction C was refluxed with
50 mL of 2M TFA for 3 h. After extraction with ethyl acetate (3 x 15 mL), the aqueous layer was evaporated
to furnish the monosaccharide residue (160 mg). Four sugars were identified as D-glucuronic acid,
D-glucose, D-galactose, and L-rhamnose by comparison with authentic samples on TLC and by
measurement of the optical rotation of each purified sugar and comparison with references.

3.6. Free Radical Scavenging Activity

The radical scavenging activity of the initial crude extract, fractions, and purified compounds was
measured using the DPPH method [37]. Briefly, 5 pL of different concentrations of the samples (dissolved
in DMSO) were added to 95 pL of a DPPH solution (158 uM, dissolved in EtOH 50%). The reaction
proceeded for 30 min at 37 °C on a 96-well microplate. The absorbance was then read at A 515 nm on a
Fluostar omega microplate reader (BMG labtech, Ortenberg, Germany). The DPPH inhibition percentage
was calculated as followed: % inhibition ((Abcontrol — Absample)/Abcontror) X 100. A DPPH solution in EtOH
50% was used as a control. The curve of the % scavenging activity against the concentration of sample
was prepared by MSExcel based program to obtain the ECso (concentration required to obtain a 50%
antioxidant effect). Samples were prepared at concentrations of 100, 50, 25, 6.2 and 3.1 pg/mL. All tests
were conducted in triplicate. Experimental data were expressed as mean + standard deviation (n = 3
replicates). Ascorbic acid was used as a positive control.

3.7. Identification Data of Compound 13

Yellow, amorphous powder, [a]p +25.5 (¢ 0.1, MeOH); UV (MeOH) Amax nm: 268 (¢ =
2245 mol ""L-cm™), 332 (¢ = 2555 mol !"L-cm™); IR vmax (film) 3359, 2946, 2834, 1660, 1454, 1116,
1029 cm™; 'H-NMR (CDsOD, 500 MHz): § 6.69 (1H, s, H-3), 6.52 (1H, d, J = 1.8 Hz, H-6), 6.86 (1H,
d,/J=1.8 Hz, H-8), 7.92 (2H, d, J = 8.7 Hz, H-2', H-6"), 6.96 (2H, d, J= 8.7 Hz, H-3', H-5"), 5.44 (1H,
d,J=7.0Hz H-1"),3.83 (1H, t,J=7.2 Hz, H-2"), 3.77 (1H, t, J= 8.8 Hz, H-3"), 3.76 (1H, t, /= 8.8 Hz,
H-4"), 4.15 (1H, d, J = 8.8 Hz, H-5"), 4.70 (1H, d, J = 7.8 Hz, H-1""), 3.27 (1H, t, J = 8.6 Hz, H-2""),
343 (1H,t,J= 8.6 Hz, H-3""), 3.40 (1H, t, J= 8.6 Hz, H-4""), 3.31-3.33 (1H, m, H-5""), 3.57 (1H, dd,
J=11.9-2.1 Hz, H-6""), 3.66 (1H, dd, J = 11.9-5.2 Hz, H-6""); *C-NMR (DMSO-ds, 125 MHz): § 164.7
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(C-2), 105.0 (C-3), 182.4 (C-4), 161.3 (C-5), 99.9 (C-6), 162.9 (C-7), 95.5 (C-8), 157.3 (C-9), 105.9
(C-10), 121.5 (C-1'), 129.0 (C-2', C-6'), 116.4 (C-3', C-5"), 161.9 (C-4"), 98.3 (C-1"), 82.7 (C-2"), 75.4
(C-3"), 71.3 (C-4"), 75.2 (C-5"), 170.6 (C-6"), 103.6 (C-1"), 75.0 (C-2"", 76.5 (C-3""), 69.9 (C-4""), 77.3
(C-5"), 60.9 (C-6""); HR-ESI-MS m/z: 631.1283 [M + Na]" (calcd for C27H23016Na, 631.1275).

4. Conclusions

In this study, CPE separation combined to '*C-NMR-based dereplication and DPPH radical scavenging
detection was applied to fractionate a methanolic extract from S. varia aerial parts into fractions
containing components with various polarities. The dereplication work applied on CPE fractions allowed
the fast identification of four major flavonoids including isoorientin (8), isovitexin (7), astragalin (1),
and isoquercitrin (5). Purification of the active fractions by semi-preparative RP-HPLC afforded one new
compound (13) and twelve known flavonoid glycosides together with three nitropropanoylglucopyranoses.
Four flavonoids were identified as the main antioxidant compounds (5, 6, 8, and 11), in particular
compound 8 which showed a higher scavenging effect than the positive reference ascorbic acid. It should
also be noted that 136 mg astragalin, 63 mg isovitexin, and 120 mg isoorientin were obtained as pure
compounds from 1.8 g crude extract in a one-step CPE elution experiment in less than 1 h and quickly
identified by '*C-NMR-based dereplication. The method is simple, fast, and without complex solvent
system or gradient elution.

Acknowledgments

The authors thank the CNRS, the Ministry of Higher Education and Research, and the
“Champagne-Ardenne DRRT” for financial support. The EU-programme FEDER for the PlAneT
CPER project are also gratefully acknowledged.

Author Contributions

J.H. and A.A.M. conceived and designed the experiments and wrote the paper, P.S.; C.J.; and D.H.
performed the experiments, L.V.-N.; J.-H.R.; and J.-M.N made a critical revision of the manuscript. All
authors read and approved the final manuscript.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Baldea, I.; Mocan, T.; Cosgarea, R. The role of ultraviolet radiation and tyrosine stimulated
melanogenesis in the induction of oxidative stress alterations in fair skin melanocytes. Exp. Oncol.
2009, 317, 200-208.

Masaki, H. Role of antioxidants in the skin: Anti-aging effects. J. Dermatol. Sci. 2010, 58, 85-90.

3. Bhuiyan, M.A.R.; Hoque, M.Z.; Hossain, S.J. Free radical scavenging activities of Zizyphus mauritiana.
Word J. Agric. Sci. 2009, 5, 318-322.



Molecules 2015, 20 14982

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Chae, S.C.; Lee, J.-H.; Park, S.U. Recent studies on flavonoids and their antioxidant activities.
EXCLIJ. 2013, 12, 225-230.

Burda, S.; Oleszek, W. Antioxidant and antiradical activities of flavonoids. J. Agric. Food Chem.
2001, 49, 2774-2779.

Pietta, P.G. Flavonoids as antioxidants. J. Nat. Prod. 2000, 63, 1035-1042.

Sherwood, R.T.; Shamma, M.; Moniot, J.L.; Kroschewsky, J.R. Flavone C-glycosides from
Coronilla varia. Phytochemistry 1973, 12, 2275-2278.

Bodalski, T.; Rzadkowska-Bodalska, H. Kaempferol and astragalin occurrence in Coronilla varia
blossoms. Acta Pol. Pharm. 1966, 23, 153—157.

Buchvarov, Y.; Nikolov, N.; Tonev, V.; Akhtardzhiev, K. Study of the flavonoid composition of
Coronilla varia L. Farmatsiya 1977, 27, 28-30.

Moyer, B.G.; Pfeffer, P.E.; Moniot, J.L.; Shamma, M.; Gustine, D.L. Corollin, coronillin and
coronarian: Three new 3-nitropropanoyl-D-glucopyranoses from Coronilla varia. Phytochemistry
1977, 16, 375-377.

Slavik, J.; Zackova, P.; Michlova, J.; Opletal, L.; Sovova, M. Phytotherapeutic aspects of
the diseases of the circulatory system. Cardiotonic and cardiotoxic effects of hyrcanoside and
deglucohyrcanoside isolated from Coronilla varia L. Ceska Slov. Farm. 1994, 43, 298-302.
Hembree, J.A.; Chang, C.J.; McLaughlin, J.L.; Peck, G.; Cassady, J.M. Potential anti-tumor agents.
8. Cytotoxic cardenolide from Coronilla varia. J. Nat. Prod. 1979, 42, 293-298.

Williams, M.; Cassady, J.M. Potential antitumor agents-cytotoxic cardenolide from Coronilla-varia L.
J. Pharm. Sci. 1976, 65, 912-914.

Usta, C.; Yildirim, A.B.; Turker, A.U. Antibacterial and antitumour activities of some plants grown
in Turkey. Biotechnol. Biotechnol. Equip. 2014, 28, 306-315.

Hubert, J.; Nuzillard, J.M.; Purson, S.; Hamzaoui, M.; Borie, N.; Reynaud, R.; Renault, J.H.
Identification of natural metabolites in mixture: A pattern recognition strategy based on '*C-NMR.
Anal. Chem. 2014, 86, 2955-2962.

Oettl, S.K.; Hubert, J.; Nuzillard, J.M.; Stuppner, H.; Renault, J.H.; Rollinger, J.M. Dereplication
of depsides from the lichen Pseudevernia furfuracea by centrifugal partition chromatography combined
to 13C nuclear magnetic resonance pattern recognition. Anal. Chim. Acta 2014, 846, 60—67.

Peng, J.; Fan, G.; Hong, Z.; Chai, Y.; Wu, Y. Preparative separation of isovitexin and isoorientin
from Patrinia villosa Juss by high-speed counter-current chromatography. J. Chromatogr. A 2005,
13,111-115.

Shu, X.; Duan, W.; Liu, F.; Shi, X.; Geng, Y.; Wang, X.; Yang, B. Preparative separation of polyphenols
from the flowers of Paeonia lactiflora Pall. by high-speed counter-current chromatography.
J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 2014, 947-948, 62—67.

Deepha, V.; Praveena, R.; Sivakumar, R.; Sadasivam, K. Experimental and theoretical investigations
on the antioxidant activity of isoorientin from Crotalaria globosa. Spectrochim. Acta A Mol.
Biomol. Spectrosc. 2014, 121, 737-745.

Slimestad, R.; Andersen, O.M.; Francis, G.W.; Marston, A.; Hostettmann, K. Syringetin
3-0-(6-acetyl)-B-glucopyranoside and other flavonols from needles of Norway spruce, Picea abies.
Phytochemistry 1995, 40, 1537-1542.



Molecules 2015, 20 14983

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

36.

Choe, K.I.; Kwon, J.H.; Park, K.H.; Oh, M.H.; Kim, M.H.; Kim, H.H.; Cho, S.H.; Chung, E.K.;
Ha, S.Y.; Lee, M.W. The antioxidant and anti-inflammatory effects of phenolic compounds isolated
from the root of Rhodiola sachalinensis A. BOR. Molecules 2012, 17, 11484—11494.

Wolbis, M.; Nowak, S.; Kicel, A. Polyphenolic compounds in Scopolia caucasica Kolesn. ex
Kreyer (Solanaceae). Acta Pol. Pharm. 2007, 64, 241-246.

Zhu, Y.; Liu, Y.; Zhan, Y.; Liu, L.; Xu, Y.; Xu, T.; Liu, T. Preparative isolation and purification
of five flavonoid glycosides and one benzophenone galloyl glycoside from Psidium guajava by
High-Speed Counter-Current Chromatography (HSCCC). Molecules 2013, 18, 15648—-15661.
Ozgen, U.; Sevindik, H.; Kazaz, C.; Yigit, D.; Kandemir, A.; Secen, H.; Calis, I. A new sulfated
alpha-ionone glycoside from Sonchus erzincanicus Matthews. Molecules 2010, 15, 2593-2599.
Huang, Y.; de Bruyne, T.; Apers, S.; Ma, Y.; Pieters, L.; Vlietnck, A. Flavonoids glucuronides from
Picria fel-terrae. Phytochemistry 1999, 52, 1701-1703.

Walter, M.; Bose, R.J. Nitropropanylglucopyranoses in Coronilla varia. Phytochemistry 1976,
15,415-417.

Park, Y.; Lee, S.; Woo, Y.; Lim, Y. Relationships between structure and anti-oxidative effects of
hydroxyflavones. Bull. Korean Chem. Soc. 2009, 30, 1397-1400.

Bors, W.; Michel, C.; Stettmaier, K. Structure-activity relationships governing antioxidant capacities
of plant polyphenols. Methods Enzymol. 2001, 335, 166—180.

Cai, Y.Z.; Sun, M.; Xing, J.; Luo, Q.; Corke, H. Structure-radical scavenging activity relationships
of phenolic compounds from traditional Chinese medicinal plants. Life Sci. 2006, 78, 2872-2888.
Ammar, R.B.; Bhouri, W.; Sghaier, M.B.; Bobaker, J.; Boubaker, J.; Skandrani, I.; Bhouri, W_;
Naffeti, A.; Bouhlel, L.; Kilani, S.; ef al. Antioxidant and free radical-scavenging properties of three
flavonoids isolated from the leaves of Rhamnus alaternus L. (Rhamnaceae): A structure-activity
relationship study. Food Chem. 2009, 116, 258-264.

Seyoum, A.; Asres, K.; El-Fiky, F.K. Structure-radical scavenging activity relationships of flavonoids.
Phytochemistry 2006, 67, 2058-2070.

Rice-Evans, C.A.; Paganga, G. Structure-antioxidant activity relationships of flavonoids and
phenolic acids. Free Radic. Biol. Med. 1996, 20, 933-956.

Tsimogiannis, D.I.; Oreopoulou, V. The contribution of flavonoid C-ring on the DPPH free radical
scavenging efficiency. A kinetic approach for the 3',4'-hydroxy substituted members. /nnov. Food
Sci. Emerg. Technol. 2006, 7, 140—-146.

Gossan, D.P.; Alabdul Magid, A.; Yao-Kouassi, P.A.; Ahibo Cofty, A.; Voutquenne-Nazabadioko, L.;
Harakat, D. New acylated flavonol glycosides from the aerial parts of Gouania longipetala.
Phytochem. Lett. 2015, 11, 306-310.Modak, B.; Contreras, M.L.; Gonzalez-Nilo, F.; Torres, R.
Structure-antioxidant activity relationships of flavonoids isolated from the resinous exudate of
Heliotropium sinuatum. Bioorg. Med. Chem. Lett. 2005, 15, 309-312.

Alabdul Magid, A.; Morjani, H.; Harakat, D.; Madoulet, M.; Dumontet, V.; Lavaud, C. Triterpenoid
glycosides from the leaves of Meliosma henryi. Phytochemistry 2015, 109, 49-56.



Molecules 2015, 20 14984

37. Bendaikha, S.; Gadaut, M.; Harakat, D.; Alabdul Magid, A. Acylated flavonol glycosides from the
flower of Elaeagnus angustifolia L. Phytochemistry 2014, 103, 129—136.

Sample Availability: Samples of the compounds 1-13 are available from the authors.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/).



