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Featured Application: Halophytic species can be used to colonize soils with high salinity and
shortly become useful for food or pharmaceutical industries.

Abstract: Limonium vulgare Mill. is a plant growing widely in harsh environments, such as salt
marshes, for which a chemical profile is still unknown, although some interesting bioactivities were
already reported. So, this halophyte chemical profile must be established to find the possible bioactive
compounds, valorize the species, and contribute to the salt marsh’s exploitation. This work set the
chemical profile of L. vulgare’s aerial parts (leaves and inflorescences) using UHPLC-DAD-ESI/ MS?
and GC-MS analysis. The lipophilic profile showed a richness in fatty acids, alkanes, and terpenoids,
[3-sitosterol being the major compound in inflorescences in the fruiting stage (0.822 + 0.015 mg/g of
the dry plant) and leaves (0.534 + 0.017 mg/g of the dry plant). In contrast, in the inflorescences in
the flowering stage, the major compound is nonacosane (0.228 £ 0.001 mg/g of the dry plant). The
polyphenolic profile demonstrates that L. vulgare produces several flavonoids from which quercetin
and myricetin can be highlighted; in particular, myricetin derivatives are prevalent in all extracts.
Amongst the flavonoids, myricetin 3-thamnoside is the most abundant in the inflorescences in
the flowering stage (6.35 & 0.05 mg/g of the dry plant), myricetin in leaves (9.69 £ 0.11 mg/g of
the dry plant), and in the inflorescences in the fruiting stage baicalin presents the highest amount
(5.15 &+ 0.07 mg/g of the dry plant). This is the first report on L. vulgare’s chemical profile and the
results indicate that this species is an exciting source of bioactive compounds, suggesting it has a use
to produce nutraceuticals and/or pharmaceuticals.

Keywords: Limonium vulgare; chemical profile; secondary metabolites; UHPLC-DAD-ESI/MS";
GC-MS; flavonoids; tocopherols; 3-sitosterol

1. Introduction

Most halophytes are noteworthy because they tolerate harsh conditions such as salty
and windy environments. Limonium vulgare Mill., commonly known as sea lavender,
complements this tolerance with its remarkable floral beauty, which is an exception among
the halophytic plants. L. vulgare belongs to the Plumbaginaceae family and occurs in
salt marshes at the coast side of the European and northwest African Atlantic Ocean,
the northern sea, and the Baltic Sea [1]. Plants growing under the harsh conditions in
these areas must have a specific adaption. Because of the ability to grow in such a harsh
and diverse area, changing from freshwater after heavy rain to high salinity because of
the tide could affect their natural combinatorial chemistry [2,3]. L. vulgare is among the
accepted species belonging to the Limonium genus [1] of which, until now, the chemical
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constitution is not thoroughly investigated. Some information regarding the phenolic
and carotenoid content was reported, including the total flavonoid content, but there is no
detailed identification [4]. Nevertheless, this species’ biological potential was described and
interesting results against fungi, bacteria [5], antioxidant [4], and antitumor activities [6]
point out that L. vulgare might be a promising source for new drugs or be used as a food
additive. Other Limonium species have also revealed important biological activities [7-9]
and the production of bioactive compounds, such as flavonoids [8,10,11]. Considering the
potential of L. vulgare, and the absence of information concerning its quantitative chemical
profile, this work aims to establish the chemical profile of its aerial parts and, in this way,
contribute to the valorization of an under-explored halophytic species.

2. Materials and Methods
2.1. Chemicals

The solvents used for extraction and sample solubilization were dichloromethane
(DCM), ethanol, hexane, and methanol (all VWR, Radnor, PA, USA), of analytical grade.
The UHPLC mobile phase eluents, formic acid, and acetonitrile were HPLC grade and
purchased from Panreac (Barcelona, Spain). Ultrapure water was obtained by a Direct-Q®
water purification system (Merck Life Science, Darmstadt, Germany). Pyridine p.a., N,O-
bis(trimethylsilyl)trifluoroacetamide (BSTFA) (99%) and trimethylsilyl chloride (TMSCI)
(99%) (Sigma-Aldrich, St. Louis, MO, USA) were applied in the sample derivatization by
silylation.

Several chemicals were used as standards for UHPLC-MS or GC-MS analyses (see
detailed information in Supplementary Materials).

2.2. Plant Material and Extracts Preparation

Aerial plant parts of Limonium vulgare Mill. were collected in June 2018 in the salt
marshes near the University of Aveiro (Coordinates: 40.621801, —8.662621), Portugal. Prof.
Helena Silva was responsible for the taxonomic identification and supervised the collection.
A voucher specimen (3433 AVE) was deposited in the Herbarium of the Department of
Biology, University of Aveiro, Portugal.

Three samples were collected and treated separately: the leaves (L;,), inflorescences
in the flowering stage (YF},), and inflorescences in the fruiting stage (GF,). The collected
plant parts were washed with aqueous ethanol 70% (v/v), air dried, protected from light,
and dried in an oven with ventilation at 55 °C until constant weight. Lastly, the plants were
ground with a food processor until they became a powder.

Each lipophilic extract was prepared by maceration (1 g plant part: 10 mL hexane,
Table S1) at room temperature, under stirring, and in the dark, for three cycles of three
days each, with solvent renewal at the end of each cycle. The solvent from the combined
extraction steps was first evaporated with a rotary vacuum evaporator at 40 °C and then
dried under vacuum at room temperature. Following the extraction with hexane, a Soxhlet
extraction with ethanol was prepared (1 g plant part: 20 mL ethanol, Table S1). The plant
samples from the first extraction were air dried and then filled into cartridges for Soxhlet
devices. The extraction ran three times for 24 h each with fresh solvent until only clear
ethanol cycled through the Soxhlet. Subsequently, the ethanol was evaporated with a rotary
evaporator. The extracts were dried until mass consistence before further usage. Three
replicates of each extract were obtained.

2.3. Gas Chromatography—~Mass Spectrometry

The GC-MS analysis of the hexane extracts was done using a Shimadzu GCMS-
QP2010Ultra system equipped with a DB-5-J&W capillary column (30 m in length x 0.25 mm
in diameter x 0.25 um thickness of the film). The spectrometric detection from the mass
spectrometer utilized 70 eV electron ionization. Helium was used as a carrier gas with
a column flow of 1.18 mL/min. GC-injection temperature was set at 320 °C and a split
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ratio of 50 was applied to an injection volume of 2 puL. The mass spectrometer ion source
temperature was at 200 °C and the interface temperature at 300 °C.

Approximately 20 mg of each extract was derivatized using well-established pro-
cedures [12,13]. Tetracosane was used as the internal standard and four independent
replicates were obtained (see detailed information in Supplementary Materials). The tem-
perature of the column was maintained at 90 °C for 4 min and then increased, first at
16 °C/min until 180 °C, followed by 3 °C/min until 220 °C and by 8 °C/min until 260 °C,
and lastly 4 °C/min until achieving 300 °C, which was maintained for 5 min. The start
time of record was set at 6.5 min.

Identification of the compounds was mainly done by comparing the results to MS
libraries NIST 2014, NIST 2008, and WILEY 2007. If possible, it was also compared with the
retention time of pure compounds [14-16]. Furthermore, identification of some compounds
was done using the retention index [17]. The quantitative analysis was achieved by calibra-
tion curves, which were obtained using standards representative of each chemical family
present in the samples and using at least six different concentrations. The correlation coeffi-
cient (R?) was higher than 0.99 in every curve and the concentrations of the standards were
chosen to guarantee the quantification of each compound in the samples by interpolation
in the calibration curve (see detailed information in Supplementary Materials).

2.4. Liquid Chromatography—~Mass Spectrometry

The ultrahigh performance liquid chromatography-mass spectrometry (UHPLC-DAD-
ESI/MS") analysis was performed using a Thermo Scientific Ultimate 3000RSLC (Dionex,
Sunnyvale, CA, USA) equipped with a Dionex UltiMate 3000 RS diode array detector and
coupled to a mass spectrometer. The column used was a Thermo Scientific Hypersil GOLD
C18 (Part No. 25002-102130; Dim 100 mm X 2.1 mm; Lot 14913; SN 10518298) with a
part size of 1.9 um and its temperature was maintained at 30 °C. The mobile phase was
composed of (A) acetonitrile and (B) 0.1% formic acid in water (v/v), both degassed and
filtered before use. The flow rate was 0.2 mL/min. For the first 14 min the mobile phase
had 5% of (B). Next, the gradient of (B) increased to 40% for 2 min and then to 100% for
7 min. From 23 min to the end it was set back to 5% (B). The injection volume was 2 pL.
The equipment was operated in negative-ion mode with an electrospray ionization source
of 5.00 kV and ESI capillarity temperature of 275 °C. The full scan covered a mass range of
50 to 2000 1/ z. Collision-induced dissociation and MS? experiments were simultaneously
acquired for precursor ions. The quantification of the individual compounds in the plant
extracts was performed by the external standard method, using reference compounds
for each family. A calibration curve was obtained by the injection of at least six different
known concentrations and with a correlation coefficient (R?) higher than 0.99 (see detailed
information in Supplementary Materials).

2.5. Statistical Analysis

Data-independent replicates of each sample were analyzed and each aliquot was
injected twice. The presented results are the average of four concordant values obtained
for each sample (less than 5% variation between injections of the same aliquot and be-
tween aliquots of the same sample) and expressed as mean values + standard deviation
(MV = SD). One-way analysis of variance (ANOVA) followed by Duncan’s multiple-range
test were performed using the GraphPad Prism version 7 for Windows (GraphPad Software,
Inc., San Diego, CA, USA) to compare the results of each independent replicate. A p-value
lower than 0.0001 was considered statistically significant in all analyses.

3. Results and Discussion
3.1. GC-MS Profile

The L. vulgare hexane extract profile was established for the first time, and the aerial
plant parts were separated into leaves (L;;) and inflorescences to compare the parts’ chemi-
cal profiles. Furthermore, the inflorescences were divided according to their phenology
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in the flowering stage (YF,) and fruiting stage (GFy,). The total ion chromatogram (TIC)
obtained (Figure 1) demonstrates that the qualitative differences are slight; however, the
quantitative analysis, detailed in Table 1, establishes that the flowering stage part is less rich
in these specialized metabolites (2.049 4 0.002 mg/g of the dry plant), whereas the fruiting
stage is the richer (6.056 £ 0.016 mg/g of the dry plant). Although leaves are not as rich
as inflorescences in the fruiting stage, they are richer than inflorescences in the flowering
stage, presenting 4.921 £ 0.019 mg/g of the dry plant.
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Figure 1. Total ion chromatogram of the L. vulgare hexane extract.

More detailed analysis evidence that the major chemical families are alkanes, ter-
penoids, and fatty acids and their derivatives (Table 1; Figure 2). Actually, alkanes account
for 41% in YF,, 36% in GFy,, and 28% in Lp,. Terpenoids correspond to 21% in YF;,, 32%
in GF,, and 38% in Ly, and, finally, fatty acids and their derivatives correspond to 30% in
YF;,, 25% in GFp,, and 26% in L.
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Figure 2. Graphical representation of the total amount of each class of specialized metabolites for the
studied plant parts. All classes are statistically different (Tukey’s test; p < 0.001).
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Table 1. Chemical composition of hexane extracts of L. vulgare aerial parts (mg g~! + SD 2).
Assigned Identification b RT YFp, GFr, Lio
Carbohydrates
D-Psicose df 14.67 0.025 + 0.001 0.036 + 0.001 0.051 + 0.002
D-Glucose ¢4 14.77 0.038 & 0.001 0.074 + 0.001 0.083 + 0.001
Total carbohydrates 0.063 + 0.001 0.110 + 0.001 0.134 + 0.002
Alcohols

D-Pinitol d&f 13.67 0.015 + 0.001 0.031 + 0.001 0.037 + 0.001
scyllo-Inositol def 15.82 0.019 £ 0.001 0.045 + 0.001 0.038 + 0.001

Hexadecan-1-ol 4 16.33 nd 0.022 + 0.002 nd
myo-Inositol def 18.63 0.039 + 0.001 0.013 + 0.001 0.031 + 0.001
Oleyl-alcohol 9& 19.96 0.028 + 0.001 0.152 =+ 0.002 0.091 =+ 0.002

Octadecan-1-ol %9 20.57 nd 0.014 + 0.003 nd
Total alcohols 0.101 & 0.001 0.277 + 0.003 0.197 £+ 0.002

Terpenoids
Neophytadiene def 14.20 0.046 + 0.001 0.139 + 0.006 0.181 + 0.007
Phytol def 14.94 0.035 % 0.001 0.110 % 0.003 0.117 + 0.005
[3-Tocopherol def 33.59 0.054 + 0.001 0.192 + 0.001 0.162 + 0.002
y-Tocopherol 4¢f 33.76 nd nd 0.160 & 0.002
a-Tocopherol cde 35.69 0.080 % 0.001 0.280 + 0.002 0.389 + 0.008
Campesterol cde 37.28 0.053 + 0.002 0.218 + 0.003 0.174 + 0.008
Stigmasterol cde 37.60 nd 0.201 + 0.003 0.176 + 0.012
B-Sitosterol “de 38.47 0.166 + 0.001 0.822 + 0.015 0.534 + 0.017
Total terpenoids 0.434 4+ 0.002 1.962 £+ 0.016 1.893 £+ 0.019
Fatty acids and derivatives

Ethyl palmitate cde 17.14 0.031 + 0.001 0.108 & 0.002 nd
Palmitic acid “9- 18.13 0.168 + 0.001 0.520 + 0.010 0.403 + 0.008
Ethyl linoleate 9 20.80 0.033 + 0.001 0.110 + 0.001 0.084 =+ 0.004
Ethyl linoleolate def 20.94 0.057 + 0.002 0.128 &+ 0.001 0.174 + 0.012
Linoelaidic acid 4&f 21.86 0.068 + 0.001 0.215 + 0.002 0.157 + 0.011
Linolenic acid ¢4 22.01 0.114 4+ 0.001 0.285 + 0.008 0.324 + 0.015

Stearic acid ¢4 22.64 0.033 + 0.003 nd nd
Oleamide 9f 25.28 0.041 + 0.001 0.136 + 0.005 0.161 + 0.010

Heptadecyl

heptadecanoate def 39.13 0.030 % 0.001 nd nd

Octyl stearate 4¢f 42.79 0.036 + 0.001 nd nd
Total fatty acids and derivatives 0.611 £ 0.002 1.502 £ 0.010 1.303 £ 0.016

Alkanes

Heneicosane 92 19.40 0.023 + 0.001 nd nd

Tricosane 8 23.98 0.068 4+ 0.001 nd nd
Pentacosane ¢ 27.28 0.037 £ 0.001 0.085 + 0.001 0.058 + 0.001
Hexacosane & 29.91 0.105 4 0.001 0.301 + 0.003 0.142 + 0.003
Octacosane & 31.22 0.035 + 0.001 0.095 + 0.002 0.069 + 0.002
Nonacosane ¢ 32.57 0.228 + 0.001 0.541 + 0.013 0.262 + 0.002
Triacontane & 33.90 0.032 + 0.001 0.091 + 0.001 0.072 + 0.003
Hentriacontane 9° 35.27 0.208 4+ 0.001 0.593 + 0.014 0.411 +£0.014
Dotriacontane 92 36.61 0.029 + 0.001 0.088 + 0.002 0.082 + 0.001
Tetratetracontane 9 37.97 0.055 4 0.001 0.249 4+ 0.009 0.194 4+ 0.008
Pentatriacontane 9 41.14 0.020 4+ 0.001 0.162 4+ 0.001 0.104 + 0.003
Total alkanes 0.840 + 0.002 2.205 + 0.016 1.394 4+ 0.015

RT = retention time in minutes; SD = standard deviation; nd = not detected; ? the results are present in mg of
compound per g of dry plant part + standard deviation; ? all compounds possessing hydroxy or carboxyl groups

were detected as TMS derivatives; © comparison with pure silylated standards;

d

comparison with GC-MS spectral

libraries NIST14.lib and WILEY229.1ib; ¢ comparison with spectra found in literature; f interpretation of MS
spectrum fragmentation pattern; & comparison with pure standards.
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We previously evidenced the high concentration of alkanes in other halophytic species [18].
Their rule in halophyte plants correlates with the necessity to control osmotic stress [19], so
they were expected to be found in the L. vulgare hexane extract. Moreover, their higher
percentage in YF;;, seems logical considering that it is a stage where protection is essential for
the plant’s reproductive success [20]. Although carbohydrates, in this study are less important
(Figure 2), mainly because the study was focused on other metabolites, they also increase in
response to salty environments [21-23], and we also found D-psicose in other halophytes [18].

There are pieces of evidence that the amount of terpenoids is not affected by the salty
environment [24]; however, in other halophytes, they are also prevalent [18]. In L. vulgare it
is obvious that these compounds are predominant in leaves, although their percentage in
GFLuv is also relevant (Figure 2).

Regarding the fatty acids and their derivatives, it is documented that their production
is increased in response to salinity stress [18,25,26]. The other families are much less
representative, although it should be highlighted that the methodology applied was not
the most appropriate to detect these compounds and can explain their low quantity.

Table 1 detailed analysis that shows that 3-sitosterol is the major compound, of the
terpenoids family, detected in the L. vulgare hexane extracts, 0.166 £ 0.001 mg/g of the
dry plant in YFj,, 0.822 £ 0.015 mg/g of the dry plant in GFf,, and 0.534 £ 0.017 mg/g
of the dry plant in L;,. In some parts (GFy, and L), it is actually the metabolite found
in higher amounts, in fact these plant parts present a good percentage of terpenoids
from which phytosterols can be highlighted. Together with (-sitosterol, campesterol
and stigmasterol were also present in significant amounts in GFp, (0.218 % 0.003 and
0.201 £ 0.003 mg/g of the dry plant) and L, (0.174 £ 0.008 and 0.176 £ 0.012 mg/g of the
dry plant). These sterols constitute the major phytosterols found in plants, and, usually,
their quantity is not affected by salinity stress [24], but there are examples where the amount
of campesterol increases [27]. So, it seems logical that we found more quantity in GFy,
and L;, (Table 1). Moreover, campesterol and stigmasterol are among the most relevant
phytosterols presenting pharmacological and nutritional effects [28]. Consequently, their
occurrence in such interesting amounts enhances the L. vulgare’s economic value; that is,
it stimulates the species use to produce nutraceuticals. The reported shreds of evidence
of phytosterols’ role in cancer prevention [29] suggest that L. vulgare can be an excellent
source from which to isolate these bioactive phytosterols. These phytosterols’ presence was
confirmed using standards; however, the typical ion fragments were observed (Figure 3).
Of the other terpenoids, tocopherols can also be highlighted, a-tocopherol being the major
one (Table 1). Their most typical fragment was observed (Figure 3) [30], although «-
tocopherol was also confirmed by the injection of the pure standard in the same conditions.
Tocopherols are also recognized for their bioactivities [31], so their occurrence will also
contribute to establishing L. vulgare as a health-promoting species.

miz %57 miz 369 mlz 371

//, /// 7
mlz 273 7/ miz 27%
m/ 383
m/z 395 m /2397
Campesterol

Stigmasterol B-Sitosterol

m/z273

R
HO. a-Tocopherol R= CHy; R= CHy; SR= CH,3
B-Tocopherol 'R = CH; R = H; ®R = CH,4
H
R (o8 y-Tocopherol IR=H;?R=H;R = CH,4
3

m/z 164 a-Tocopherol
m/z 150 B,y-Tocopherol

Figure 3. Chemical structure of the phytosterols and tocopherols, and their most significant fragments
observed on GC-MS spectra.
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The second and the third most abundant compounds are fatty acids, respectively
palmitic and linolenic acids; both acids contribute to the species valorization and, from
previous studies, we demonstrate that they can contribute to the species’ survival under
salinity stress [18]. Another interesting result is the occurrence of inositol, mainly the
myo-inositol isomer. Mahajan and Tuteja [32] described inositol phosphates as messengers
to modulate the intracellular calcium level, an essential parameter in reducing osmotic
stress. Other studies described the role of myo-inositol in salinity stress and established that
it could help the plant defenses by participating in its antioxidant system and also regulate
the ionic homeostasis [33].

3.2. LC-MS Profile

The chemical profile of the L. vulgare ethanolic extracts was established using UHPLC-
DAD-ESI/MS? analyses. It was possible to confirm that the aerial parts are quite similar in
the type of compounds present (Figure 4), but different in their amounts (Table 2).

Table 2. Chemical composition of L. vulgare ethanolic extracts. Retention time (tg; min), wavelengths
of maximum absorption (Amax; Nm), deprotonated molecular ion ((M—H]~; m/z), mass spectral data
(MS?; m/z) indicating in parentheses relative intensity, quantification in mg g~! 4 SD 2.

Proposed Compound tR®  Amax [M—HI- MS? YFr, GFp, Lio
Gallic acid © 2.3 ;;g 169 125 (100) [M — H — CO,]~  9.85+£0.06 921+0.09 1544 +1.01
4-Hydroxybenzoic acid ¢ 2.7 gg’ 137 93 (80) [M — H — CO,]~ 5794010 427 +£0.07 7.70=+0.20

335 (20) [M — H — H,0]~
220, 325 (100) [M — H — CO,]~
3-O-Caffeoylquinicacid 4~ 84 294, 353 191 (5) [M — H — caffeic]” 2274002 1.82+0.02 3.07 +0.04
316 163 (35) [M — H —
quinic]~
251 (10) [M — H — H,0]~
241 (100) [M — H — CO]~
240, 168 (12) 13A~
Baicalein ¢ 9.0 276, 269 03 n— 4424012 295+001 539-+0.38
368 151 (37) 03 A
146 (8) %4B~
101 (15) 1°B—
461 (10) [M — H — H,0]~
317 (100) [M — H —
27, g;;cg)el]ﬁ A
Gossypin © 10.1 265, 479 313 (2) 03A - 0.60 £0.01 0464001 3.4240.30
354 301 (70) [M — H —
Oglucose] ™~
194 (4) %4B~
461 (10) [M — H — H,0]~
317 (100) [M — H —
230, %‘;C(‘;el]ﬁ A
Myricetin 7-glucoside © 107 262, 479 0264001 043 +0.01 047 +0.01
301 (50) [M — H —
356 —
Oglucose]
298 (4) 93A~

210 (4) 4B~
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Table 2. Cont.
Proposed Compound tr?  Amax [M—HI- MS? YF;, GFp, Lio
461 (5) [M — H — H,0]~
359 (5)[M — H —
C4HoO4]™
223, 317 (100) [M — H —
Myricetin 3-glycoside € 10.9 287, 479 glucose] ™ 3.85+0.07 322+£002 2.88+0.02
368 301 (50) [M — H —
Oglucose] ™
151 (1) 1A~
135 (4) 93A~
445 (13) [M — H — CH3]~
441 (8) [M — H — H,0]~
358 (3) ;'zA*
o 237, 342 (1) 93A~
Baicalein 6-methyl ether ) ;= 5c /' 459 283 (100) [M — H — 0744001 0154001 1.73 4 0.02
7-glucuronide © 368 | o
glucuronic]
267 (45)[M — H —
Oglucuronic]~
145 (2) 94B~
430 (5) [M — H — H,O]~
317 (100) [M — H —
208, xylose] ™
Myricetin 3-xyloside € 11.6 262, 449 301 (65) [M — H — 461 £001 417+£0.02 6.22+£0.08
353 Oxylose]~
151 (2) 13A~
135 (1) %3A~
445 (5)[M — H — H,0]~
317 (100) [M — H —
208, rhamnose] ™
Myricitrin 3-thamnoside ¢ 11.7 262, 463 301 (65) [M — H — 6.354+0.06 428 +0.03 7.49 +0.08
349 Orhamnose]™
151 (1) 1A~
135 (1) %3 A~
429 (25) [M — H — H,0]~
301 (100) [M — H —
257, rhamnose] ™ 3014
Quercitrin ¢ 130 351, 447 285 (20) [M — H — tr 003 tr
367 Orhamnose] ™ ’
151 (1) 1PA—
135 (1) 93A~
343 (2) 13A~
199, 327 (1) 93A~
Baicalin © 134 227 445 269 (100) [M — H — tr 515+ 0.07 0.6 +0.01
267, glucuronic]
337 253 (100) [M — H —
Oglucuronic] ™~
299 (30) [M — H — H,0]~
230, 289 (100)1 gM —H-COJ]~
Myricetin d 13.7 ggz: 317 }gg 8451; 1:3i, 473 £015 448+£005 9.69+£0.11
368 136 (10) 3 A~

210 (5) 94B~
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Table 2. Cont.
Proposed Compound tr?  Amax [M—HI- MS? YF;, GFp, Lio
317 (100) [M — H —
N galloylrhamnose] ™
gi[(yr‘ffml‘rh mnoside)1e 139 ggg’ 615 463 (5) [M — H — galloyl]~ tr 0.654 001 1374001
gatoylrhamnoside 447 (10) [M — H —
gallate] ™
317 (100) [M — H —
galloylrhamnose] ™~
Mvricetin 236, 597 (10) [M — H — H,O]~
3_2’ alloylrhamnoside) TT 145 298, 615 463 (20) [M — H — tr 2.35 4 0.01 tr
gatoy 368 galloyl]~
447 (40)[M — H —
gallate] ~
317 (100) [M — H —
" 250 gall(()ilh)r}E;fInno;Ie]*H ol
yricetin ¢ 597 (10 —H - H,0]
3-(galloylrhamnoside) IIT © 151 ?:;g’ 615 463 (5) [M — H — galloyl]~ tr 0104001 0.36 + 0.01
447 (10)[M — H —
gallate] ~
283 (40) [M — H — H,0]~
273 (15) [M — H — CO]~
954 257 (15) [M — H — CO,]~
Quercetin © 158 L. 301 179 (100) %4B~ 4314002 3324008 540+0.05
152 (15) 13 A~
150 (14) 1*B~
136 (10) 93 A~
. 241, 118 (20) [M — H — H,0]~
C
Protocatechuic aldehyde 16.3 279 136 109 (100) [M — H — COJ- 576 £0.05 395£0.02 6.83+0.07
430 (15) [M — H— acetyl] ™~
311 (15) [M — H —
. . 268, CeH1105]~
i{’;feetmf‘ lucoside) & 168 340, 473 268 (100) [M—H — tr 0.16 £ 0.01 tr
V& 368 acetylglucose] ™
252 (20) [M — H —
Oacetylglucose] ™~
" 241 (20) [M — H — CO]~
Apigenin ¢ 175 267, 269 225 (35) E}f —H-COil tr 3.77 £ 0.01 tr
337 162 (50) 4B

146 (14) 13B—

SD = standard deviation; tr = traces; ? the results are present in mg of compound per g of dry plant part + standard
deviation; ® average of three independent injections at the same wavelength (280 nm); ¢ identified based on MS
and UV data, and comparison with a pure standard; d jdentified based on MS and UV data, and comparison
with a similar standard; € identified based on MS and UV data, and comparison with other data from reference
sources.

The aerial parts of L. vulgare are affluent in flavonoids (56% in YF;,, 67% in GF,,

and 58% in Ly,), specialized metabolites associated with several health benefits [34], al-
though the major compound in all plant parts is gallic acid, 9.85 &+ 0.06, 9.21 % 0.09,
and 15.44 £ 1.01 mg/g of the dry plant, respectively, in YF;,, GFr,, and L;,. Though, it
should be highlighted that this metabolite is recognized for its health-promoting effects [35],
contributing, with its presence in L. vulgare aerial parts, to the plant nutritional value.
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Figure 4. UHPLC-DAD chromatograms of the L. vulgare ethanol extract, recorded at A = 280 nm.

The main flavonoids present are flavone and flavonol derivatives (Figure 5), with
the myricetin derivatives being the most abundant, 66% in YF,, 51% in GF},, and 63%
in Ly, (Table 2). Myricetin is also the major aglycone present in all plant parts analyzed
(4.73 = 0.15 mg/g of the dry plant in YF;,, 4.48 £ 0.05 mg/g of the dry plant in GF, and
9.69 £ 0.11 mg/g of the dry plant in L;,). This richness in myricetin derivatives, as well
as other flavonoids, was detected in other Limonium species although the studies were
qualitative [8,36,37]; however, in a previous study with halophytes collected in the same
region, we also detected that flavonoids are the major metabolites [38]. Moreover, in some
phytochemical studies, using other Limonium species, several myricetin derivatives were
isolated [10,11]; these results support our identification.

HO

HO

OH |O L3B-

O,4B-
Baicalein OH O OH O
[M—H]" m/z 269 Gossypetin Myricetin

IM-H]" m/z 317 [M-H]" m/z 317

OH O OH (@]
. OH O
Quercetin Kaempferol Apigeni
[M-H]~ m/z 301 [M-H] m/z 285 bigen

[M-H] m/z 269
Figure 5. Chemical structure of the flavonoid aglycones and their most significant fragments.

The aglycones were mainly identified using standard compounds; nevertheless, the
specific ion fragments [39-41], shown in the baicalein structure (Figure 5), were found to
help the identification. In the case of the glycoside derivatives, while the standards are less
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available, the literature data [39,42,43], as well as our previous experience [44], were the
most valuable tools for the identification.

Apigenin 7-(acetylglucoside) was assigned because of the observation of the ion
fragment at m/z 430, which can be obtained through a loss of an acetyl moiety (Table 2).
Simultaneously, the loss of m/z 221 and 205, suggesting the cleavage of acetylglucose with
or without the oxygen atom, confirms the compound structure. Naturally, there are no
shreds of evidence where the acetyl group is attached; both apigenin 7-(2”-acetylglucoside)
and apigenin 7-(6"-acetylglucoside) were previously found in plants [45] (p. 84). Finally,
we can highlight the identification of the myricetin 3-(galloylrhamnoside) three isomers,
specialized metabolites previously found in other plants [45] (p. 538). In all of these
isomers, the loss of the galloyl and gallate moieties and the galloylrhamnose moiety were
detected (Table 2). Again, it was not possible to establish the galloyl moiety position,
although the three possible isomers, myricetin 3-(2”-galloylrhamnoside), myricetin 3-(3”-
galloylrhamnoside), and myricetin 3-(4”-galloylrhamnoside), could be detected.

The richness of L. Vulgare’s aerial parts in flavonoids herein established agrees with
the fact that the salinity stress increases the flavonoid production [36,46]. Moreover, this
richness, as well as several of the specialized metabolites herein reported, were detected in
another Limonium species [36,37]. However, quantifications concerning these metabolites
were not previously reported for Limonium species, making this the first study involving
quantification.

Considering the specialized metabolites herein reported, for the first time in L. vulgare,
particularly the flavonols, for which several biological properties have been established [47,48],
it seems evident that this species can be used as food additives and to produce bioactive
compounds. Myricetin and its derivatives can be highlighted because of their amounts
in L. vulgare’s aerial parts. Furthermore, this flavonol, to which important pharmaceutical
properties have been established [49], contributes to adding value to the species.

4. Conclusions

Overall, the reported results established L. vulgare’s potential in the nutrition or
pharmaceutical industry. Toxicological studies are necessary if the application includes
the use of the plant. Suppose the application involves the isolation and purification of
the bioactive specialized metabolites. In that case, it can be relatively fast because the
metabolites, although reported for the first time for this species, are ubiquitous in many
plants, and some are already recognized for their pharmacological properties. Actually, L.
vulgare is an excellent source of phytosterols and flavonoids, from which (3-sitosterol and
myricetin can be emphasized. Our findings point out the potential economic value of this
underexplored species.
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