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Summary

Echeveria species (Crassulaceae) are used in traditional medicine
and some of their biological activities are demonstrated (e.g. anti-
microbial, anti-inflammatory, anticancer). However, their chemical
composition has been scarcely studied. The methanol extracts (ME)
of three Echeveria species (E. craigiana, E. kimnachii and E. sub-
rigida) from Mexico were analyzed for the sterol (GC-MS) and
phenolic (HPLC-DAD-ESI-MS") composition. Eleven sterols were
identified, E. kimnachii showed the highest total content (7.87 mg/g
ME), and the main constituents were Yy-sitosterol in E. craigiana
(33.9%) and E. subrigida (54.4%), and lupenone in E. kimnachii
(28.9%). The phenolic analysis showed differences among the Eche-
veria species, which contained flavonoids derivatives and tannins
as the main components. The main flavonoids in E. craigiana were
hexoside derivatives of quercetin and isorhamnetin, both with a
3-hydroxy-3-methylglutaroyl substituent; in E. subrigida hexosides
of isorhamnetin, quercetin and kaempferol; and E. kimnachii showed
the greatest diversity including proanthocyanidins and less common
flavonoid derivatives of kaempferol O,0-disubstituted by acyl deri-
vatives. The characteristic phytochemicals of each studied Echeveria
species could be responsible of its specific biological activities and
useful as chemotaxonomic markers. The kaempferol derivatives in
E. kimnachii are rare in nature and they will be isolated and cha-
racterized.

Keywords: Echeveria, Crassulaceae, terpenes, GC-MS, phenolics,
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Abbreviations

GC-MS: gas chromatography mass spectrometry; HPLC-DAD-ESI-
MS": high performance liquid chromatography with diode array de-
tector coupled with electrospray ionization mass spectrometry; EC:
Echeveria craigiana; EK: Echeveria kimnachii; ES: Echeveria sub-
rigida; masl: meters above sea level; BHT: butylated hydroxytoluene;
ME: Methanol extracts; EI: Electronic Impact; ESI: Electrospray
ionization; E: Equivalents; MS: Mass spectrum; UV: Ultraviolet-
visible.

Introduction

The genus Echeveria is distributed worldwide, but it is predominant
in the Americas (155 species). Mexico has the greatest diversity with
140 species and 85% of them are endemic. Echeveria plants are well
adapted to environmental stresses (e.g., hydric, high CO,), and they
usually live in semiarid and rocky habitats. These plants are grown
mainly for ornamental purposes, and they are appreciated by horti-
culturists and gardeners worldwide (CONACYT AGENCIA INFOR-
MATIVA, 2016). Remarkably, some Echeveria species have been used
in traditional medicine to treat symptoms/diseases such as pain, oral
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herpes, inflammation, and stomach infections (INSTITUTO NACIONAL
INDIGENISTA, 2009). Some of the biological activities that have been
demonstrated for the Echeveria species include the contraceptive
(Echeveria gibbiflora) (REYES et al., 2005); antibacterial, antipara-
sitary, and cytotoxic (Echeveria leucotricha) (MARTINEZ-RUIZ et al.,
2012); anticancer (Echeveria peacockii) (HUANG, 2012); as well as
antioxidant, antibacterial, inhibitory of glucosidase, and antimuta-
genic (Echeveria craigiana, Echeveria kimnachii, and Echeveria
subrigida) (LOPEZ-ANGULO et al., 2014; LOPEZ-ANGULO et al., 2016).
Regarding the chemical composition of these species, qualitative
phytochemical analyses showed the presence of triterpenes, sterols,
glycosides, flavonoids, tannins, saponins, coumarins, alkaloids, free
anthracenics, and lactones (LOPEZ-ANGULO et al., 2014; LOPEZ-
ANGULO et al., 2016; MARTINEZ-RUIZ et al., 2012; STEVENS et al.,
1995). Moreover, specific components have been identified in Eche-
veria species such as proanthocyanidins in E. peacockii (HUANG,
2012) and organic acids (i.e., quinic, citric, and tartaric), oleanane,
lupane and taraxerane in E. lilacina (JOVANOVIC et al., 2016; STOJA-
NOVIC et al., 2015). In general, plants of other Crassulaceae genera
(e.g., Rhodiola, Kalanchoe, Sedum, Sempervivum) contain terpenes
(e.g., amyrin, taraxerane, germanicol), sterols (e.g., sitosterol, stigma-
sterol, isofucosterol, campesterol), phenolic acids (e.g., gallic, caf-
feic, ferulic), proanthocyanidins, and flavonoid glycosides (e.g.,
glycosides of quercetin, kaempferol, myricetin, and isorhamnetin)
that are mainly 3,7-diglycosides of glucose and rhamnose. Interes-
tingly, Crassulaceae plants of importance in traditional medicine
contain some compounds characteristic of the genus such as bryo-
phyllin B and bufadienolides in Kalanchoe and flavonoids (e.g.,
rhodiolin) and phenyl propanoids in Rhodiola (ALBERTI-DER, 2013;
BOOKER et al., 2016; JIN et al., 2009; JovANOVIC et al., 2016; MILAD
et al., 2014; STOJANOVIC et al., 2015).

Terpenes and phenolics are important plant secondary metabolites
that show multiple and relevant functions, as well as biological ac-
tivities for the ecosystems and the human being (PEREZ-URRIA and
AVALOS—GARCfA, 2009); moreover, they are used as chemotaxono-
mic markers due to their common presence in plants and diversity
of chemical structures (ALMARAZ-ABARCA et al., 2013; JOVANOVIC
et al., 2016; STOJANOVIC et al., 2015). Molecular studies classify the
Echeveria genus and some Mexican species of the Sedum genus in
an American clade that distinguishes these plants from those of other
Crassulaceae genera (MORT et al., 2001), suggesting also differences
among their chemical composition. Up to date, the terpene and phe-
nolic profiles of the Echeveria spp. plants have not been reported,
and these compounds could be contributing with their reported bio-
logical activities, as well as prospecting new ones. This research
shows the qualitative and quantitative analyses of terpenes and phe-
nolics in methanol extracts of three Echeveria species (E. craigiana,
E. kimnachii, and E. subrigida) by gas chromatography mass spec-
trometry (GC-MS) and high performance liquid chromatography
with diode array detector coupled with electrospray ionization mass
spectrometry (HPLC-DAD-ESI-MS"), which represents the first re-
port of this type for the Echeveria genus.



146 G. Lépez-Angulo, J. Montes-Avila, S.P. Diaz-Camacho, R. Vega-Aviiia, TA. Lépez-Valenzuela, F. Delgado-Vargas

Materials and methods

Plant material

Echeveria plants were collected from the state of Sinaloa, Mexico,
during September to November; for each species description, we
show the coordinates, the name of the collector, and the assigned
number in the herbarium of the Faculty of Agronomy, Autonomous
University of Sinaloa (UAS), in parenthesis. Echeveria craigiana E.
Walther (EC) is distributed in the states of Chihuahua, Sonora and
Sinaloa; it was collected in “El Zapote” community, Choix, Sinaloa
(1050 meters above sea level, masl; 26°46°03” N, 108°08°34” W;
Vega-Avifia R.; 10816). Echeveria kimnachii J. Meyran & R. Vega
(EK) is endemic of Sinaloa, specifically of the municipality of
Culiacan; it was collected from the South of the “Estancia de los
Garcia”, Culiacan, Sinaloa (450 masl; 24°2145” N, 107°01°05” W,
Vega-Avifia R.; 9206). Echeveria subrigida (B. L. Rob. & Seaton)
Rose (ES) is distributed in Mexico State, Guanajuato, Queretaro and
Sinaloa; it was collected near “El Palmito” town, Concordia, Sina-
loa (2000 masl; 23°34°06™ N, 105°50°53”” W; Vega-Aviiia R.; 11742)
(LOPEZ-ANGULO et al., 2014).

Leaves were freeze dried (VirTis 25EL, VirTis Co. USA) and milled
to get a fine flour that passed through a 40 mesh (sample moisture
(%) of 95.38 £ 0.01 for EC; 96.50 + 0.74, EK; and 93.62 + 0.09, ES)
(LOPEZ-ANGULO et al., 2014). Dried leaf flours were stored at —20 °C
in darkness until their use.

Reagents and solvents

The reagents purchased from Sigma/Aldrich (St. Louis, MO, USA)
were a-cholestane, butylated hydroxytoluene (BHT), gallic acid,
quercetin, isorhamnetin and kaempferol. HPLC and spectrome-
try grade organic reagents were from Baker Inc. (Phillipsburg, NJ,
USA). All reagents were of analytical grade.

Preparation of the methanol extracts

Methanol extracts (ME) of the three Echeveria species were ob-
tained by maceration. Leaf flours of Echeveria (10 g) were extracted
with methanol (1:20 w/v) by shaking at 150 rpm/ darkness/ room
temperature for three days; the solvent was exchanged every 24 h
and the methanol phases were mixed. The solvent was eliminated
under vacuum (40 °C) with a rotary evaporator (BUCHI Labortech-
nick AG, Switzerland), followed by removal of any residual solvent
in a vacuum oven at 40 °C. The ME obtained were stored at —20 °C
in darkness until their use.

Terpene and sterol profiles

Terpenes and sterols were quantified as described by CONFORTI
et al. (2008). The ME (50 mg) were dissolved in 5 mL of MeOH:H,O
(9:1 v/v), mixed with 20 pL of the internal standard a-cholestane
(3 mg/mL), and 15 pL of the antioxidant BHT (1 mg/mL). The mix-
ture was homogenized and partitioned with hexane (3 x 5 mL); the
hexane phases were combined and evaporated. The residue was re-
dissolved in 1 mL of hexane and filtered through a PVDF syringe
filter (17 mm x 0.45 um, TITAN) (Thermo Scientific Inc., USA) prior
to GC-MS analysis.

GC-MS analysis

Samples were analyzed by Gas Chromatography Mass Spectrometry
with the HP 6890 GC Instrument, 5973 Network (Agilent Techno-
logies, USA). The separation was carried out on a capillary column
QUADREX 007 CARBOWAX 20M (30 m x 0.25 mm i.d., film
thickness 0.25 um) (Quadrex Corporation, USA) using helium as
carrier gas (0.9 mL/min). The operation temperatures were: injector,
250 °C; oven, initial 60 °C, kept for 1 min, 5 °C/min to 200 °C, 10 °C/
min to 275 °C, and held at 275 °C to the end of the analysis; ion

source, 245 °C; and quadrupole, 150 °C. The sample was injected
(5 pL) without flow division. MS detection was performed in Elec-
tron Impact mode (EI) at 70 eV ionization energy, and operating in
full-scan mode in the 50-800 amu range; the sample components
were identified by comparison with the mass spectra in the National
Institute of Standards and Technology library (NISTO8.LIB), and
they were quantified using the response factor method as follows:

Cs = As x Cis/Ais

Where: Cs and As are the concentration and peak area for the ter-
pene/sterol, respectively; Cis and Ais are the concentration and peak
area for the internal standard.

Phenolics profile

The methanol extract of each species (50 mg of EC and ES; 100 mg
of EK previously deffated with hexane) was dissolved in 5 mL of
H,0:MeOH (9:1 v/v) and partitioned with ethyl acetate (3 x 5 mL).
The organic phase was recovered, and the solvent was evaporated.
The residue was dissolved in methanol (10 mg/mL, EC and ES; 20 mg
/mL, EK), filtered through a PVDF membrane (17 mm x 0.45 pm,
TITAN) (Thermo Scientific Inc., USA), and analyzed by HPLC-
DAD-ESI-MS".

HPLC-DAD-ESI-MS”" analysis

The HPLC system consisted of an ACCELA instrument (Thermo
Scientific, USA) with quaternary pumps and diode array detector.
Separation was carried out with an ACE EXCEL C18-Amide column
(150 x 30 mm x 3 um) (Advanced Chromatography Technologies,
UK). The mobile phase was 1% formic acid (A) and acetonitrile (B);
the chromatographic elution started with 0.5% B, lineal gradient to
30% B in 10 min, 30% B isocratic during 10 min, lineal gradient
to 60% B in 10 min, and 60% B isocratic during 5 min. The flow
rate was 0.4 mL/min and the injection volume was 15 uL. The main
components were detected at 250, 320, and 325 nm.

For peak identification, the above described HPLC system was hy-
phenated with an ESI source and coupled with a lineal trap LTQ-
XL mass spectrometer (Thermo Scientific, USA). Mass spectra were
acquired in negative mode over the range m/z 200-1500, resolution
of 30000. The MS worked at 300 °C and 35 V in the capillary tube,
source voltage at 5 kV, and tube lens voltage at 110 V. The gas flows
(units) were sheat 25, auxiliary 15 and sweep 0. For tandem mass
spectrometry analysis (MS"), the energy for the collision-induced
dissociation (CID) was adjusted between 15 and 25%, ultrahigh-
purity helium was used as the collision gas. Data were acquired and
processed by using the Xcalibur 2.2 software. Peaks were identified
by their fragmentation patterns and by comparison with MS data
of both available commercial standards (i.e., gallic acid, quercetin,
isorhamnetin, and kaempferol) and published in the literature.
Compound quantification was carried out with calibration curves
of the commercial standards. According to the plot of the peak-area
ratio (y) vs. concentration (x, ug/mL), the regression equations of
standards and their correlation coefficients were as follows: gallic
acid, y = 47.407x + 11.38 (R? = 0.9991); quercetin, y = 30.589x +
94.024 (R% = 0.9989); isorhamnetin, y = 32.664 + 175.8 (R? = 0.9984)
and kaempferol, y = 35.059x + 81.8 (R? = 0.9988). The results were
calculated as milligrams equivalents of phenolic compounds per
gram of methanol extract (mg E/g ME).

Results

Terpene and sterol profiles

Eleven compounds were tentatively identified in the studied
Echeveria species, and qualitative differences were found among
their profiles (Fig. 1). The three species showed campesterol, sito-
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sterol, and amyrin. Echeveria kimnachii had the highest content of
terpenes/sterols (7.87 mg/g ME), highlighting the presence of lupe-
none, sitosterol, and hopenone B; moreover, hopenone B and friede-
lin were only found in this species, whereas germanicol was absent
in EK but present in the other two Echeveria species. Echeveria
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Fig.1: Comparative GC-MS chromatograms of terpenes/sterols in Eche-
veria species. (IS internal standard). (a) E. craigiana, (b) E. kim-
nachii and (c) E. subrigida. The identification of the constituents is

shown in Tab. 1.

Tab. 1: Terpenes/sterols profile (GC-MS) of Echeveria methanol extracts (ME)

craigiana and ES showed high contents of y-sitosterol and amy-
rin, whereas EC was distinguished by the presence of simiarenol.
Remarkably, none of the species showed stigmasterol (Fig. 1 and
Tab. 1), which has been identified in plants of some genera of the
Crassulaceae family.

Phenolic profiles

The HPLC-DAD-ESI-MS”" analyses showed differences in the
type and content of phenolics among the studied Echeveria species
(Fig. 2 and Tab. 2). Twelve main compounds were tentatively identi-
fied, including flavonoid derivatives of quercetin (1C, 4K, and 10S),
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Fig.2: Comparative HPLC-DAD chromatograms at 320 nm of phenolic
profiles in Echeveria species. (a) E. craigiana, (b) E. kimnachii and
(c) E. subrigida. The tentative identification of the constituents is
shown in Tab. 2.

Peak Tentative identity® RT® (min) Content® (mg/g ME) (Match)
E. craigiana E. kimnachii E. subrigida
1 Cholestane (IS) 52.59
2 Cholestan-6-one, 3-(acetyloxy)-(3454)- 59.52 0.093 (585) 0.097 (550) _
3 Campesterol 60.11 0.210 (890) 0.273 (864) 0.187 (890)
4 vy-Sitosterol 63.07 1.601 (920) 1.853 (922) 1.093 (920)
5 Fucosterol 6345 _ 0.187 (772) 0.197 (884)
6 Lupenone 64.47 0.262 (856) 2276 (878) o
7 Lupeol 65.34 0.553 (883) 0.582 (844) _
8 Hopenone B 67.11 o 1.874 (916) o
9 Amyrin 68.21 0.881 (832) 0.413 (303) 0.409 (822)
10 Germanicol 68.55 0.797 (809) _ 0.126 (690)
11 Simiarenol 69.13 0.325 (696) _ _
12 Friedelin 70.86 _ 0317 (596) _
Total content 4.723 7.871 2012

4 Compounds are listed in order of elution, see Fig. 1.
b RT stands for retention time.
¢ Values are given in mg/g of methanol extract.
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isorhamnetin (2C and 11S), and kaempferol (6 - 9K and 12S); as
well as tannin-like compounds (3K and 5K). Considering the quan-
tity of phenolics (Tab. 2), clear differences were found among the
Echeveria species. Echeveria subrigida showed the highest flavono-
id content with isorhamnetin-3-O-hexoside (11S) (4.6 mg El/g ME)
and quercetin-7-O-hexoside (10S) (2.6 mg QE/g ME) as the main
compounds. Echeveria craigiana showed the same quantity (2.3 mg)
of its two main flavonoids measured as mg EQ/g ME (1C) and mg
El/g ME (2C). Echeveria kimnachii showed the highest diversity of
components but in lower quantities, its content of flavonoids ranged
from 0.2 to 0.3 mg E/g ME.

The compound identification was carried out by comparison of the
UV spectra and MS” data, fragmentation in negative mode, with
literature data. The nomenclature to denote fragment ions was as-
signed as proposed by DOMON and COSTELLO (1988).

Quercetin derivatives

The fragmentation of the main ion [M — H]~ of all quercetin de-
rivatives (i.e.; 1C, 607; 4K, 463; and 10S, 463) produced the same
ion at m/z 301, which corresponded to the deprotonated aglyco-
ne Y,~ (Fig. 3). This data suggested that quercetin derivatives are
7-O-monosubstituted compounds (ALBERTI-DER, 2013; MARCH et al.,
2006). The MS" experiments of ion at m/z 301 (Y,") gave fragment
ions at m/z 257, 179, and 151, consistent with the quercetin aglycone
(KOOLEN et al., 2013; YE et al., 2012). The compounds 1C, 4K, and
10S showed similar retention times (15.6 - 15.8 min), but their ion
fragmentations (MS") indicated the presence of different substituent
groups (Fig. 3). Compound 1C exhibited [M — H]™ ion at m/z 607
that yielded fragment ions at m/z 463 [(M — H) — 144]~ (Y|"), 545
[(M —=H) - 18 = 44]7, and 505 [(M — H) — 18 — 44 — 40], associated
with the release of the characteristic fragments of acyl substituent;

Tab. 2: HPLC-DAD-ESI-MS" data and content of phenolic of Echeveria methanol extracts (ME)

Peak? | RT (min) | Apax (nm) | [M-H]™ Fragmentation Tentative identification® mg E/g ME€
(m/z) MS" [M-H]~, m/z (relative abundance)

1C 15.8 252,355 607 MS? [607]7— 607 (20), 545 (10), 505 (23),463(100) | Quercetin-7-O-[3-hydroxy-3- 2.3+0.26
MS? [463]7— 463 (56), 301 (100) methylglutaroyl]hexoside

2C 17.0 254,354 621 MS2 [621]7— 621 (3), 559 (30), Isorhamnetin 7-O-[3-hydroxy-3- 2.3+0.07
519 (51),477 (100), 315 (9) methylglutaroyl]hexoside
MS? [477]7— 315 (100), 301 (1)

3K 139 236,272 457 MS? [457]7— 413 (11), 331 (100), (epi)gallochatequin gallate 0.8+0.04
305 (39), 169 (75) (GCG/EGCG)

4K 15.6 314 463 MS? [463]™— 463 (5), 445 (39), Quercetin-7-O-caffeoyl ester 0.2+0.01
419 (73),401 (36), 301 (100)
MS3 [301]7— 301 (100), 257 (14), 179 (44), 151(33)

5K 159 232,277 881 MS?2 [881] ~— 845 (65), 843 (100), Digalloylated procyanidin (P2G2) 0.3+0.02
729 (86), 711 (19), 559 (10), 407 (7),289 (2)

6K 279 263, 347 863 MS? [863]~— 803 (26), 717 (33), Kaempferol derivative 0.2+0.02
574 (100), 532 (44),419 (41),283 (38)
MS3 [574]7— 514 (13), 283 (100), 255 (13)

7K 28.1 263, 344 761 MS2 [761]7— 719 (7), 701 (16), Kaempferol derivative 0.2+0.01
615 (43),430 (100), 283 (22)
MS? [430]7— 430 (19), 283 (100), 255 (1)

8K 30.3 264,346 819 MS2 [819]7— 818 (49), 759 (4), Kaempferol derivative 0.3+£0.02
573 (7), 562 (100), 537 (69), 531 (7)
MS3 [562] = 562 (31), 283 (8), 225 (100)

9K 329 263, 344 861 MS2 [861]™— 824 (10), 819 (10), 801 (39),
615 (63),573 (41),572 (100), 530 (56), 283 (13)
MS3 [572]7 572 (6), 283 (100), 255 (16) Kaempferol derivative 0.2+0.02

10S 15.8 253,354 463 MS2 [463]— 301 (100) Quercetin-7-O-hexoside 2.9+0.06
MS3 [301]7 301 (23), 273 (16), 257 (16),
179 (100), 151 (64)

118 17.0 252,354 477 MS2 [477]7— 357 (26), 315 (49), 314 (100), 285 (5) | Isorhamnetin-3-O-hexoside 4.6+0.15
MS3 [314]7— 299 (16), 286 (61), 285 (100),
271 (75), 243 (20)

128 17.2 262,348 447 MS?2 [447]7— 447 (47), 357 (3), 327 (25), Kaempferol-3-O-hexoside 1.9+0.10
285 (84), 284 (100), 255 (9)
MS3 [284]7— 256 (25), 255 (100), 227 (10), 211 (1)

4 Letters accompanying the peak numbers identify the associated Echeveria species: E. craigiana (C), E. kimnachii (K), and E. subrigida (S).

Y Compound identification was based on data reported in literature.

¢ Values are the mean + standard deviation of at least three measurements and are calculated as equivalents of quercetin (peaks 1,4, and 10), isorhamnetin (peaks

2 and 11), gallic acid (peaks 3 and 5), and kaempferol (peaks 6-9 and 12).
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Fig.3: ESI-MS/MS spectra of quercetin derivatives. (a) MS? of [M — H]~ at m/z 607 and (b) MS? (607—463) of compound 1C. MS? of [M — H]~ at m/z 463

of compounds 4K (c) and 10S (d).

i.e., H,0, CO,, and [C3H,]*, respectively (Fig. 3a). The MS3 607 —
463) gave the ion at m/z 301 [(M — H) — 144 — 162] of the quercetin
aglycone. A neutral loss of 162 u corresponds to a hexose, but the loss
of 144 u is less common and it was assigned to 3-hydroxy-3-methyl-
glutaroyl as reported previously (LIU et al., 2015; SONG et al., 2010;
TAHIR et al., 2012); thus, compound 1C was identified as quercetin-
7-0-[3-hydroxy-3-methylglutaroyl] hexoside (Fig. 3a).

Compounds 4K and 10S showed the [M — H]™ ion at m/z 463 and
fragment ion for the quercetin aglycone at m/z 301 [(M — H) — 162]",
but they differed in their MS and UV spectra (Tab. 2). For compound
10S, the fragmentation of the [M — H]™ ion produced the ion at m/z
301 [((M — H) — 162]~ by the loss of a hexose residue (Fig. 3d). For
compound 4K, the MS? of [M — H]™ ion at m/z 463 gave other ions
in addition to that of m/z 301 [((M — H) — 162]7; they were at m/z 445
[M-H)-18]7,419 [M -H) —44]",and 401 u [(M — H) — 18 — 44]~
(Fig. 3c), whose MS? (463 — 445), (463 — 419) and (463 — 401) did
not produce the ion at m/z 301, suggesting that the fragments ob-
served could be derived of losses of H,O (ring B) and CO, (ring C) of
the aglycone structure, respectively (KOOLEN et al., 2013). Moreover,
compound 4K gave an UV spectrum characteristic of hydroxycin-
namic acids and the loss of 162 u could be associated to caffeic acid
(YE et al., 2005). Based on this information, the compounds were
tentatively identified as quercetin-7-O-caffeoyl ester (4K) and quer-
cetin-7-O-hexoside (10S).

Isorhamnetin derivatives

Fragmentation of the pseudomolecular ions of compounds 2C (m/z
621 [M — HJ") and 118 (m/z 477 [M — H]") agreed with that reported
for the isorhamnetin aglycone (i.e., m/z 315, 314, 301, 300, and

285 u) (Fig. 4) (YE et al., 2005). For compound 2C, fragmentation of
the [M — H]™ ion at m/z 621 showed similar losses than compound
1C, which corresponded to acyl groups in the structure, and the pro-
duced ions were at m/z 559 [(M — H) — 18 —44]7,519 (M - H) — 18
— 44 — 40]~, a principal ion at m/z 477 [(M — H) — 144]~ (Y,"), and
that of 315 [(M — H) — 144 — 162]~ for the aglycone (Y,"). Based
on the described ions and the peak intensity of Y,~ indicating the
preferential loss of acylhexoside at the 7-O-position (MARCH et al.,
2006), these information allowed us to do the tentative assignment
as isorhamnetin-7-O-[3-hydroxy-3-methylglutaroyl] hexoside (2C).
Compound 118 showed a [M — H]™ ion at m/z 477, and its MS? frag-
mentation yielded ions at m/z 387 [(M — H) — 90]~ and 357 [(M - H)
— 120] (Fig. 4c). This pattern has been associated to C-glycosides
(ALBERTI-DER, 2013; BENAYAD et al., 2014), but the presence of
ions at m/z 314 [(M — H) — 162 — H]™ (Yo — H)™ and 315 [(M - H)
— 162]" (Yo") of less intensity (49%) suggested that 11S was a
3-0-glycosylated compound (ALBERTI-DER, 2013; MARCH et al.,
2006) that was tentatively identified as isorhamnetin-3-O-hexoside
118).

Kaempferol derivatives

Compounds 6 - 9K and 12S were identified as kaempferol deri-
vatives by the registered fragment ions at m/z 285 (Y,”) and 283
([Yo — 2H]") (Fig. 5), whose additional fragmentation yielded ions
(m/z 255 and 227) characteristic of kaempferol aglycone (FRAN-
CESCATO et al., 2013). For the MS spectra of compounds 6 - 9K
(Fig. 5a - d), we did not find similar spectra in literature. However,
their MS spectra showed an ion at m/z 283 suggesting that the com-
pounds are O,0-disubstituted (ALBERTI-DER, 2013). For compound
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Fig.4: ESI-MS/MS spectrum of isorhamnetin derivatives. (a) MS? of [M —
H]~ at m/z 621 and (b) MS? (621-477) of compound 2C. (c) MS? of
[M — H]™ at m/z 477 of compound 118S.

6K, the MS? of [M — H]™ ion at m/z 863 gave ions ar m/z 826 [(M —
H) — 38]7 and 803 [(M — H) — 18 — 42]7, indicating the loss of H,O
and C,H,0, which could correspond to acyl derivatives; the major
fragment at m/z 717 [(M — H) — 146]~ and fragment ion at m/z 711
[(M — H) — 152]~ with low intensity (3%), which are probably asso-
ciated with the loss of terminal molecules of deoxyhexose and of a

gallic acid residue, respectively; and the ion of intermediate intensity
at m/z 574 [M — H) — 152 — 137]" by the additional elimination
of 3,4-dihydroxybenzoic acid residue. The fragmentation of ion 574
generated the ion at m/z 283 [(M — H) — 146 — 144]~ of the corres-
ponding aglycone, which resulted of the release of the deoxyhexose
and 3-hydroxy-3-methylglutaroyl fragments. The proposed structure
of compound 6K corresponded to kaempferol-O-(deoxyhexosyl)-
3-hydroxy-3-methylglutaroyl-O-(galloyl)-dihydroxybenzoyl, but it
must be confirmed by further experiments.

The fragmentation of peak 7K suggested that it is an O-O-
disubstituted compound [Y, — 2H]™. The MS spectrum of the [M
— H]J™ ion at m/z 761 was complex (Fig. 5b). It showed fragments by
losses of H,O (743 [M - H) - 18]7); C,H,O (701 [(M — H) - 18 —
42]7); deoxyhexose (615 [(M — H) — 146]7); and of acyl derivatives of
phenolic acids, i.e., fragment of gallic acid 609 [(M — H) — 152] and
fragment of dihydroxyferulic acid 430 u [(M — H) — 152 — (178 +
H)]~. The MS? fragmentation of the ion at m/z 430 produced only
one fragment at m/z 283 (Y, — 2H) by the loss of a protonated deoxy-
hexose (146 + H), which suggested as possible kaempferol substitu-
ents the galloyl-dihydroferulic in one position and deoxyhexose in
the other.

The pseudomolecular ion of compound 8K was at m/z 819 [M —
H]~, and its MS spectrum was not enough to identify the substituent
groups (Fig. 5¢). The aglycone ion at m/z 285 (Y,~) suggested that 8K
is a kaempferol O-monosubstituted compound.

The MS spectrum of compound 9K (Fig. 5d) was similar to that of
compound 6K (Fig. 5a) but with differences in the m/z of the pseu-
domolecular ion, 2 u lower with [M — H]™ ion at m/z 861, and of
the main fragments. It was identified as a disubstituted compound
considering the aglycone ion at m/z 283 [Y, — 2H]~. The MS” data
(861 — 572 — 283) showed the loss of identical fragments of 289 u,
which could be due to the loss of two 3-hydroxy-3-methylglutaroyl
units (144 + (144 + H)). The compound 9K was tentatively identified
as kaempferol-3,7-O-di(3-hydroxy-3-methylglutaroyl).

Compound 128 (Fig. Se) showed [M — H]™ ion at m/z 447 and frag-
ment ions at m/z 357 [M — H) — 90]~, 327 [M — H) — 120]~, and 284
[M - H) - 162 — H]™ (Yo — H). As discussed for 118, the peak in-
tensity of fragment ion at m/z 284 (100%) indicated a 3-O-glycoside;
128 was tentatively identified as kaempferol-3-O-hexoside.

Tannins

The UV spectra of compounds 3K and SK were characteristics of
derivatives of hydroxybenzoic acids. The [M — H]™ molecular ion of
compound 3K at m/z 457 was fragmented as reported for gallocate-
chin gallate or its isomer epigallocatechin gallate (Tab. 2) (LIN et al.,
2008; SuN et al., 2007). The breakdown of the ester bond produced
fragment ions at m/z 169 and 305, which were assigned to gallic acid
and (epi)gallocatechin, respectively. As reported by SUN et al. (2007),
we also observed a fragment ion at m/z 331, which could be derived
of the breakdown of ring C (2A). The UV spectrum of peak 5K
showed two absorption maxima (232, 277 nm), which were similar
to those of proanthocyanidins (KAJIDZANOSKA et al., 2010). The MS”
of [M — H] ™ ion at m/z 881 showed fragment ions assigned to the loss
of water and gallic acid moiety at m/z 843 [(M - H) — 2H,0]~, 729
[(M - H) — (gallic acid — H,0O)]~, 559 [(M — H) — 2(gallic acid — H,0)
— H,0]7, and 407 [(M - H) — 3(gallic acid — H,O) — H,O]~ (Tab. 2).
Moreover, the fragment ion at m/z 289 confirmed the presence of
(epi)catechin. After contrasting with the spectrum reported in the
literature, compound SK was identified as digalloylated procyanidin
(Russo et al., 2013).

Discussion

The analysis of the terpene/sterol and phenolic composition showed
clear differences among the studied Echeveria species. Studies of
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Fig.5: ESI-MS/MS spectrum of kaempferol derivatives. MS? of the [M — H]~

of E. subrigida; (f) MS? (861-283) of compound 9K.

these compounds in Echeveria are scarce; only phenolics and ter-
penes have been reported in Echeveria lilacina, plant included in
a chemotaxonomic study of Crassulaceae. The compounds quanti-
fied in E. lilacina were the quinic, tartaric, citric, and protocatechuic
acids (STOJANOVIC et al., 2015); as well as the terpenes oleanane and
taraxerane in wax (JOVANOVIC et al., 2016). On the other hand, seve-
ral reports have shown terpene and phenolic profiles of other genera
of the Crassulaceae family (e.g. Rhodiola, Kalanchoe, Sedum, and
Sempervivum).

One of the main sterols found in the studied Echeveria species was
y-sitosterol (23.55-54.35% out of the total terpenes/sterols content).
Compared with the y-sitosterol content of these species, sitoste-
rol, stigmasterol, and campesterol are the most common sterols in

ion of compounds: (a) 6K, (b) 7K, (c) 8K, (d) 9K of E. kimnachii and (e) 12S

higher plants and -sitosterol is the principal (AKIHISA et al., 1991).
Eighteen sterols have been reported for Kalanchoe pinnata, inclu-
ding 24-ethyldesmosterol, sitosterol, clerosterol, and fucosterol
(AKIHISA et al., 1991). Also, sterol analysis by GC-MS in Rhodiola
sachalinensis shows 18 compounds (e.g., B-sitosterol, stigmasterol,
and cicloartenol). An interesting datum of our study was that un-
like the presence of stigmasterol in the Crassulaceae Rhodiola and
Kalanchoe (AKIHISA et al., 1991; JIN et al., 2009), this sterol was
absent in the Echeveria species used in the present study, but its
derivative fucosterol was found in EK (2.38%) and ES (9.78%).
Kalanchoe pinnata also showed fucosterol (AKIHISA et al., 1991;
KAUR et al., 2011). All studied Echeveria species had campeste-
rol, which was identified previously in K. pinnata and R. imbricata
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(AKIHISA et al., 1991; TAYADE et al., 2013).

Considering the triterpene composition of Crassulaceae, Rhodiola
shows monoterpene alcohols (e.g., geraniol, linalool) and p-cymene
(DAscALIUC et al., 2008; JIN et al., 2009); Kalanchoe has glutinol,
friedelin, taraxerone, and a- and f-amyrin (SIDDIQUI et al., 1989;
VAN MAARSEVEEN and JETTER, 2009); and Sedum contains olea-
nane, lupane, and taraxerone (JOVANOVIC et al., 2016). Amyrin was
the only triterpene found in the three studied Echeveria plants, which
is commonly found in Crassulaceae plants, and it was one of the most
abundant triterpenes of EC (18.66%) and ES (20.31%), whereas it was
found only in small amounts in EK, as in Kalanchoe daigremontiana
(VAN MAARSEVEEN and JETTER, 2009). Germanicol was identified in
EC and ES, whereas friedelin was characteristic of EK, both compo-
nents have been reported in K. daigremontiana (VAN MAARSEVEEN
and JETTER, 2009). Lupenone was abundant in EK, altogether with
lupeol were found in both EK and EC; these compounds have been re-
ported in leaves of Aeonium lindleyi Webb & Berthel (Crassulaceae)
(KENNEDY, 2012). Considering the hopenone B (A’-Neogammacer-
22(29)-en-3-one) content, it was one of the abundant terpenes in EK,
but it has not been reported in other Crassulaceae.

Regarding phenolic compounds in Crassulaceae, plants of the genera
Rhodiola, Sempervivum, Kalanchoe, and Sedum contain proantho-
cyanidins; phenolic acids (e.g., gallic, caffeic, and ferulic); flavono-
ids, mainly quercetin, kaempferol, isorhamnetin, and myricetin, as
well as flavonoid glycosides (ALBERTI-DER, 2013; ERTAS et al., 2014;
MING et al.,2005; SINGAB et al., 2011; TATSIMO et al., 2012), which are
commonly 3,7-O-disubstituted glycosides of rhamnose and glucose
(ALBERTI-DER, 2013; MILAD et al., 2014; SINGAB et al., 2011). Every
studied Echeveria species showed a specific profile of phenolics;
most Crassulaceae plants contain derivatives of the flavonoid aglyco-
nes quercetin, isorhamnetin, and kaempferol. Moreover, this pattern
of flavonoids has been also reported for some Cactaceae plants that
show CAM metabolism, as the Echeveria plants (CAI et al., 2008).
The main flavonoids in EC and ES were monosubstituted quercetin
and isorhamnetin glycosides, the hexose could be glucose. Echeveria
subrigida also showed a kaempferol glycoside, and this species was
the only with the three flavonoid aglycones reported commonly in
Crassulaceae. Regarding to this and comparing to the EC flavonoids,
a hexose substituted with hydroxy-3-methyl-glutaroyl group has been
previously reported mainly in quercetin derivatives (LIU et al., 2015;
OSZMIANSKI et al., 2015), and there is only one report in a isorhamne-
tin derivative (SOMMELLA et al., 2015). All of these reports indicate
that flavonoids are substituted in the 3-O position, but our results
suggested that substitution in EC flavonoids is in 7-O position. As it
is well known, Crassulaceae produces high levels of organic acids,
supporting the presence of such substituent (ALBERTI-DER, 2013). In
this regard, glucoside derivatives of quercetin and kaempferol pre-
senting a 3-hydroxy-3-methylglutaroyl substituent have been isolated
from Graptopetalum paraguayense E. Walther (Crassulaceae) (L1u
et al., 2015).

The highest diversity of phenolics was found in EK, the only studied
species with tannins such as digalloylated procyanidin (P2G2) and
(epi)gallocatechin gallate, the last compound has been reported in
Rhodiola heterodonta (YOUSEF et al., 2006). Considering the che-
mical data of the EK flavonoids, the UV spectra of 4K (quercetin-
7-O-caffeoyl ester) corresponded to a hydroxycinnamic acid, but the
mass spectra suggested a flavonoid O-substituted; FRANCESCATO
et al. (2013) reported similar results with the compounds querce-
tin-3-O-caffeoyl-glucoside of Equisetum giganteum L. In general,
the EK flavonoids were not common since they are esterified with
acids (i.e., gallic, dihydroxybenzoic, hydroferulic, and 3-hydroxy-
3-methylglutaric). Some Crassulaceae have shown this type of com-
pounds such as 11-O-(4’-O-methylgalloyl)-bergenin in Crassula
capitella (EL-HAWARY et al., 2016) and myricetin-3-O-(3"-galloyl-
rhamnoside) in Sedum sediforme (WINEKENSTADDE et al., 2015).

Flavonoids with more than three substituents are rare and most of
them are substituted with carbohydrates, the kaempferol derivatives
in EK showed more than two acyl substituents that it is an unusual
characteristic. LLORACH et al. (2003) reported high molecular weight
flavonoids, mainly kaempferol-triglucosides substituted with diffe-
rent hydroxycinnamic acids, in the industrial byproducts of Brassica
oleracea L. var. Botrys.

Considering the terpene and phenolic profiles of the three studied
Echeveria species and their geographical origin, E. kimnachii grows
in an area of higher temperatures, where a larger number and greater
diversity of herbivore insects is found (DELUCIA et al., 2012). The
high content of terpenes in this species could be a defense mecha-
nism against pests (PARE and TUMLINSON, 1999). On the other hand,
E. subrigida is from a mountainous area characterized by lower
temperatures and high sunlight irradiation; this species showed the
lowest terpene content and the highest phenolic content, which cor-
responds with previous studies demonstrating an increased phenolics
content in plants exposed to high sunlight irradiation (BACHEREAU
et al., 1998).

Conclusions

The terpene and phenolic profiles of every studied Echeveria species
result from the combination of genetic and environmental factors.
Many of these secondary metabolites are produced as a plant defen-
se mechanism against biotic and abiotic agents (ALMARAZ-ABARCA
et al., 2013; WINK, 2003), and they are important to preserve their
corresponding ecosystems. Remarkably, several of the compounds
identified in the present study have shown biological activities of
importance for the human beings; e.g., y-sitosterol (antidiabetic)
(BALAMURUGAN et al., 2011), lupeol (antioxidant, hepatoprotective),
amyrin (anti-inflammatory, analgesic, antioxidant) (DZUBAK et al.,
2006), and phenolics (antioxidant, antimutagenic, antithrombotic,
antidiabetic, antibacterial) (KUMAR and PANDEY, 2013), and the stu-
died Echeveria species have potential for the prevention/treatment
of infectious and chronic degenerative diseases (e.g. cancer and dia-
betes) (AHUMADA-SANTOS et al., 2016; LOPEZ-ANGULO et al., 2014,
LOPEZ-ANGULO et al., 2016). This study improves the knowledge
of E. craigiana, E. kimnachii, and E. subrigida; and based on the
chemical composition, it supports their potential use in the food and
pharmaceutical industries, and the development of strategies for their
sustainable preservation.

Authors’ contributions

GLA, SPDC and FDV conceived and designed the experiments.
GLA and JMA did the chemical analysis. GLA,JMA and JALV ana-
lyzed the data and prepared the manuscript. RVA and FDV carried
out the field work and plant authentication. FDV supervised the stu-
dy, reviewed and edited the work. All authors read and approved the
manuscript.

Acknowledgments

Authors acknowledge the financial support of CONACYT and
PROFAPI - “Universidad Auténoma de Sinaloa”, as well as to Nancy
Yareli Salazar-Salas who helped with the LC-DAD-ESI-MS" ana-
lysis.

References

AHUMADA-SANTOS, Y.P., SOTO-SOTOMAYOR, M.E., BAEZ-FLORES, M.E.,
Diaz-CAMACHO, S.P., LOPEZ-ANGULO, G., EsLAva-Campros, C.A.,
DELGADO-VARGAS, F., 2016: Antibacterial synergism of Echeveria sub-
rigida (B.L. Rob &amp; Seaton) and commercial antibiotics against



Chemical composition of three wild species of Echeveria 153

multidrug resistant Escherichia coli and Staphylococcus aureus. Eur. J.
Integr. Med. 8, 638-644. DOI: 10.1016/j.eujim.2016.08.160

AKIHISA, T., KOKKE, W.C.M.C., TAMURA, T., MATSUMOTO, T., 1991: Sterols
of Kalanchoe pinnata: first report of the isolation of both C-24 epimers
of 24-alkyl-A25-sterols from a higher plant. Lipids 26, 660-665.

DOI: 10.1007/BF02536432

ALBERTI-DER, A., 2013: LC-ESI-MS/MS methods in profiling of flavo-
noid glycosides and phenolic acids in traditional medicinal plants:
Sempervivum tectorum L. and Corylus avellana L. Ph.D. Dissertation,
Semmelweis University.

ALMARAZ-ABARCA, N., GONZALEZ-ELIZONDO, M.D.S., CAMPOS, M.D.G.,
AVILA-SEVILLA, Z.E., DELGADO-ALVARADO, E.A ., AVILA—REYES, JA.,
2013: Variability of the foliar phenol profiles of the Agave victoriae-
reginae Complex (Agavaceae). Bot. Sci. 91, 295-306.

DOI: 10.17129/botsci.9

BACHEREAU, F., MARIGO, G., ASTA, J., 1998: Effect of solar radiation (UV
and visible) at high altitude on CAM-cycling and phenolic compound
biosynthesis in Sedum album. Physiol. Plant. 104, 203-210.
doi: 10.1034/j.1399-3054.1998.1040208 .x

BALAMURUGAN, R., DURAIPANDIYAN, V., IGNACIMUTHU, S., 2011: Anti-
diabetic activity of gamma-sitosterol isolated from Lippia nodiflora L.
in streptozotocin induced diabetic rats. Eur. J. Pharmacol. 667, 410-418.
DOI: 10.1016/j.ejphar.2011.05.025

BENAYAD, Z., GOMEZ-CORDOVES, C., Es-SAFI, N.E., 2014: Characterization
of flavonoid glycosides from fenugreek (Trigonella foenum-graecum)
crude seeds by HPLC-DAD-ESI/MS analysis. Int. J. Mol. Sci. 15,20668-
20685. DOI: 10.3390/ijms151120668

BOOKER, A., ZHAIL L., GKOUVA, C., LI, S., HEINRICH, M., 2016: From tra-
ditional resource to global commodities: A comparison of Rhodiola
species using NMR spectroscopy-metabolomics and HPTLC. Front.
Pharmacol. 7,254. DOI: 10.3389/fphar.2016.00254

CAlL, W.,Gu, X., TANG, J., 2008: Extraction, purification, and characterization
of the polysaccharides from Opuntia milpa alta. Carbohydr. Polym. 71,
403-410. DOI: 10.1016/j.carbpol.2007.06.008

CONACYT AGENCIA INFORMATIVA, 2016: Resguardan la coleccion mds
grande del mundo del género Echeveria. CONACYT, Ciudad de México.

CONFORTIL F., SOSA, S.,MARRELLI, M., MENICHINIL, F., STATTI, G.A., UZUNOV,
D., TUBARO, A., MENICHINI, F., LoGGIA, R.D., 2008: In vivo anti-
inflammatory and in vitro antioxidant activities of mediterranean dietary
plants. J. Ethnopharmacol. 116, 144-151. DOI: 10.1016/j.jep.2007.11.015

DAscALIUC, A., CALUGARU-SPATATU, T., CIOCARLAN, A., COSTICA, M.,
CosTicA, N., KRAJEWSKA-PATAN, A., DREGER, M., Mscisz, A., FUR-
MANOWA, M., MROZIKIEWICZ, P.M., 2008: Chemical composition of
golden root (Rhodiola rosea L.) rhizomes of Carpathian origin. Herba
Pol. 54, 18-27.
www.herbapolonica.pl/magazines-files/1687607-02_Chemical.pdf.

DEeLuciA, E.H., NABITY, P.D., ZAVALA, J.A., BERENBAUM, M.R., 2012:
Climate change: Resetting plant-insect interactions. Plant Physiol. 160,
1677-1685. DOLI: 10.1104/pp.112.204750

DoMoN, B., CosTELLO, C.E., 1988: A systematic nomenclature for carbo-
hydrate fragmentations in FAB-MS/MS spectra of glycoconjugates.
Glycoconjugate J. 5, 397-409. DOI: 10.1007/bf01049915

DzuBAK, P., HAIDUCH, M., VYDRA, D., HUSTOVA, A., KVASNICA, M.,
BIEDERMANN, D., MARKOVA, L., URBAN, M., SAREK, J., 2006: Pharma-
cological activities of natural triterpenoids and their therapeutic impli-
cations. Nat. Prod. Rep. 23, 394-411. DOI: 10.1039/B515312N

EL-HAWARY, S.S., MOHAMMED, R., ABOUZID, S., ALIL, Z.Y., ELWEKEEL, A.,
2016: Anti-arthritic activity of 11-O-(4"-O-methyl galloyl)-bergenin and
Crassula capitella extract in rats. J. Pharm. Pharmacol. 68, 834-844.
DOI: 10.1111/jphp.12566

ERTAS, A., BoGA, M., YILMAZ, M.A., YESIL, Y., HAsMI, N., KAYa, M.S.,
TEMEL, H., KOLAK, U., 2014: Chemical compositions by using LC-MS/
MS and GC-MS and biological activities of Sedum sediforme (Jacq.)
Pau. J. Agric. Food Chem. 62, 4601-4609. DOI: 10.1021/jf500067q

FRANCESCATO, L.N., DEBENEDETTI, S.L., SCHWANZ, T.G., BASSANI, V.L.,

HENRIQUES, AT., 2013: Identification of phenolic compounds in
Equisetum giganteum by LC-ESI-MS/MS and a new approach to total
flavonoid quantification. Talanta 105, 192-203.

doi: 10.1016/j.talanta.2012.11.072

HuaNG, C.Y., 2012: Anti-cancer extract and compounds. Google Patents,
United States.

INSTITUTO NACIONAL INDIGENISTA, 2009: Biblioteca digital de la medicina
tradicional mexicana. Retrieved May 20, 2015, from www.medicina-
tradicionalmexicana.unam.mx/index.php.

JIN, Y., L1, X, L1, D., Row, K.H., 2009: Primary study of sterols composition
of Rhodiola sachalinensis by using GC/MS. Anal. Sci. Technol. 22, 219-
227, www.dbpia.co.kr/Journal/ArticleDetail/ NODE01206856.

JovaNovic, S.C., ZLATKOVIC, B K., StojaNovic, G.S., 2016: Chemotaxono-
mic approach to the central Balkan Sedum species based on distribution
of triterpenoids in their epicuticular waxes. Chem. Biodiversity 13, 459-
465. DOI: 10.1002/cbdv.201500148

KAJDZANOSKA, M., GJAMOVSKI, V., STEFOVA, M., 2010: HPLC-DAD-ESI-
MSn identification of phenolic compounds in cultivated strawberries
from Macedonia. Maced. J. Chem. Chem. Eng. 29, 181-194.
www.mjcce.org.mk/index.php/MJCCE/article/view/165.

KAUR, N., CHAUDHARY, J., JAIN, A., KISHORE, L., 2011: Stigmasterol: a
comprehensive review. Int. J. Pharm. Sci. Res. 2, 2259-2265.

DOI: 10.13040/1JPSR.0975-8232.2(9).2259-65

KENNEDY, M.L., 2012: Phytochemical profile of the stems of Aeonium
lindleyi. Rev. Bras. Farmacogn. 22, 676-679.

DOI: 10.1590/50102-695x2012005000037

KooLEN, H.H.F., pA SiLva, FM.A., Gozzo, F.C., DE Souza, A.Q.L., DE
Souza, A.D.L., 2013: Antioxidant, antimicrobial activities and charac-
terization of phenolic compounds from buriti (Mauritia flexuosa L. f.) by
UPLC-ESI-MS/MS. Food Res. Int. 51, 467-473.

DOI: 10.1016/j.foodres.2013.01.039

KUMAR, S., PANDEY, A K., 2013: Chemistry and biological activities of fla-
vonoids: An overview. Sci. World J. 2013, 16. DOI: 10.1155/2013/162750

LIN, L.Z., CHEN, P., HARNLY, J.M., 2008: New phenolic components and
chromatographic profiles of green and fermented teas. J. Agric. Food
Chem. 56, 8130-8140. DOI: 10.1021/j£800986s

L, HY., PENG, H.Y., Hsu, S.L., Jong, T.T., Crou, S.T., 2015: Chemical
characterization and antioxidative activity of four 3-hydroxyl-3-methyl-
glutaroyl (HMG)-substituted flavonoid glycosides from Graptopetalum
paraguayense E. Walther. Botanical studies 56, 8.

DOI: 10.1186/540529-015-0088-4

LOPEZ-ANGULO, G., MONTES-AVILA, J., DiAZ-CAMACHO, S.P., VEGA-AVINA,
R., AHUMADA-SANTOS, Y.P., DELGADO-VARGAS, F., 2014: Chemical
composition and antioxidant, a-glucosidase inhibitory and antibacterial
activities of three Echeveria DC. species from Mexico. Arabian J. Chem.
DOI: 10.1016/j.arabjc.2014.11.050

LOPEZ-ANGULO, G., MONTES-AVILA, J., DIAZ-CAMACHO, S.P., VEGA-AVINA,
R., BAEZ-FLORES, M.E., DELGADO-VARGAS, F., 2016: Bioactive compo-
nents and antimutagenic and antioxidant activities of two Echeveria DC.
species. Ind. Crops Prod. 85, 38-48. DOI: 10.1016/j.indcrop.2016.02.044

LLORACH, R., GIL-IZQUIERDO, A., FERRERES, F., TOMAS-BARBERAN, F.A.,
2003: HPLC-DAD-MS/MS ESI characterization of unusual highly gly-
cosylated acylated flavonoids from cauliflower (Brassica oleracea L.
var. botrytis) agroindustrial byproducts. J. Agric. Food Chem. 51, 3895-
3899. DOI: 10.1021/jf030077h

MARCH, R.E., LEWARS, E.G., STADEY, C.J., Mi1Ao, X.-S., ZHAO, X., MET-
CALFE, C.D., 2006: A comparison of flavonoid glycosides by electro-
spray tandem mass spectrometry. Int. J. Mass Spectrom. 248, 61-85.
DOI: 10.1016/j.ijms.2005.09.011

MARTINEZ-RU1Z, M.G., GOMEZ-VELASCO, A., JUAREZ, Z.N., HERNANDEZ,
L.R., BAcH, H., 2012: Exploring the biological activities of Echeveria
leucotricha. Nat. Prod. Res. 27, 1123-1126.

DOI: 10.1080/14786419.2012.708662

MiLAD, R., EL-AHMADY, S., SINGAB, A.N., 2014: Genus Kalanchoe

(Crassulaceae): A review of its ethnomedicinal, botanical, chemical and



154 G. Lépez-Angulo, J. Montes-Avila, S.P. Diaz-Camacho, R. Vega-Aviiia, TA. Lépez-Valenzuela, F. Delgado-Vargas

pharmacological properties. Eur. J. Med. Plants 4, 86-104.
DOI: 10.9734/ejmp/2014/5901

MING, D.S., HiLLHOUSE, B.J.,, GuUNs, E.S., EBERDING, A., XIE, S.,
VIMALANATHAN, S., TOWERS, G.H., 2005: Bioactive compounds from
Rhodiola rosea (Crassulaceae). Phytother. Res. 19, 740-743.

DOI: 10.1002/ptr.1597

MorT, M.E., Sortis, D.E., SoLTIS, P.S., FRANCISCO-ORTEGA, J., SANTOS-
GUERRA, A., 2001: Phylogenetic relationships and evolution of Cras-
sulaceae inferred from matK sequence data. Am. J. Bot. 88, 76-91.

DOI: 10.2307/2657129

OSZMIANSKI, J., WOIDYLO, A., NOWICKA, P., TELESZKO, M., CEBULAK, T.,
WOLANIN, M., 2015: Determination of phenolic compounds and antioxi-
dant activity in leaves from wild Rubus L. species. Molecules 20, 4951-
4966. DOI: 10.3390/molecules20034951

PARE, PW., TUMLINSON, J.H., 1999: Plant volatiles as a defense against in-
sect herbivores. Plant Physiol. 121, 325-332. DOI: 10.1104/pp.121.2.325

PEREZ-URRIA, C., AVALOS-GARCIA, A., 2009: Metabolismo secundario de
plantas. Reduca 2, 119-145, http://darwin.bio.ucm.es/revistas/index.php/
reduca-biologia/issue/archive.

REYES, R., SANCHEZ-VAZQUEZ, M.L., MERCHANT-LARIOS, H., ORTEGA-
HERNANDEZ, A., DELGADO, N.M., 2005: Calcium (hydrogen-1-malate)
hexahydrate on Echeveria gibbiflora leaves and its effect on sperm cells.
Arch. Androl. 51, 461-469. DOI: 10.1080/014850190944474

Russo, D., KENNY, O., SMYTH, T.J., MILELLA, L., HOSSAIN, M.B., Diopr, M..S.,
RAIL D.K., BRUNTON, N.P., 2013: Profiling of phytochemicals in tissues
from Sclerocarya birrea by HPLC-MS and their link with antioxidant
activity. ISRN Chromatogr. 2013, 11. DOI: 10.1155/2013/283462

SIDDIQUI, S., FAIz1, S., SIDDIQUI, B.S., SULTANA, N., 1989: Triterpenoids and
phenanthrenes from leaves of Bryophyllum pinnatum. Phytochemistry
28, 2433-2438. DOLI: 10.1016/S0031-9422(00)97999-8

SINGAB, A.N.B., EL-AHMADY, S.H., LABIB, R.M., FEKRY, S.S., 2011:
Phenolics from Kalanchoe marmorata Baker, family Crassulaceae. Bull.
Fac. Pharm. (Cairo Univ.) 49, 1-5. DOI: 10.1016/j.bfopcu.2011.07.001

SOMMELLA, E., PEPE, G., PAGANO, F., OsTACOLO, C., TENORE, G.C., RUSSO,
M.T., NOVELLINO, E., MANFRA, M., CAMPIGLIA, P., 2015: Detailed poly-
phenolic profiling of Annurca apple (M. pumila Miller cv. Annurca) by
a combination of RP-UHPLC and HILIC, both hyphenated to IT-TOF
mass spectrometry. Food Res. Int. 76, 466-477.

DOLI: 10.1016/j.foodres.2015.05.044

SONG, S., ZHENG, X., Liu, W., Du, R., B1, L., ZHANG, P., 2010:
3-Hydroxymethylglutaryl flavonol glycosides from a Mongolian and
Tibetan medicine, Oxytropis racemosa. Chem. Pharm. Bull. 58, 1587-
1590. DOTI: 10.1248/cpb.58.1587

STEVENS, J.F., HART, HT., VAN HAM, R.C.H.J., ELEMA, ET., VAN DEN ENT,
M.MV.X., WILDEBOER, M., ZWAVING, J.H., 1995: Distribution of alka-
loids and tannins in the Crassulaceae. Biochem. Syst. Ecol. 23, 157-165.
DOI: 10.1016/0305-1978(95)00082-6

StosaNovic, G.S., JovaNovic, S.C., ZLATKoVIC, B.K., 2015: Distribution
and taxonomic significance of secondary metabolites occurring in the
methanol extracts of the stonecrops (Sedum L., Crassulaceae) from the
Central Balkan peninsula. Nat. Prod. Commun. 10, 941-944.

SuN, J., LIANG, F., BIN, Y., L1, P,, DUAN, C., 2007: Screening non-colored

phenolics in red wines using liquid chromatography/ultraviolet and mass
spectrometry/mass spectrometry libraries. Molecules 12, 679-693.
DOI: 10.3390/12030679

TAHIR, N.I., SHAARI, K., ABAS, F., PARVEEZ, G K., ISHAK, Z., RamLI, U.S.,
2012: Characterization of apigenin and luteolin derivatives from oil
palm (Elaeis guineensis Jacq.) leaf using LC-ESI-MS/MS. J. Agric.
Food Chem. 60, 11201-11210. DOI: 10.1021/j£303267¢

TaTsIMO, S., TAMOKOU, J., HAVYARIMANA, L., CSUPOR, D., ForGo, P.,
HOHMANN, J., KUIATE, J.-R., TANE, P., 2012: Antimicrobial and antioxi-
dant activity of kaempferol rhamnoside derivatives from Bryophyllum
pinnatum. BMC Res. Notes 5, 158. DOI: 10.1186/1756-0500-5-158

TAYADE, A.B., DHAR, P., KUMAR, J., SHARMA, M., CHAUHAN, R.S.,
CHAURASIA, O.P., SRIVASTAVA, R.B., 2013: Chemometric profile of root
extracts of Rhodiola imbricata Edgew. with hyphenated gas chromato-
graphy mass spectrometric technique. PLoS ONE 8, 1-15.
doi: 10.1371/journal.pone.0052797

VAN MAARSEVEEN, C., JETTER, R., 2009: Composition of the epicuticular and
intracuticular wax layers on Kalanchoe daigremontiana (Hamet et Perr.
de la Bathie) leaves. Phytochemistry 70, 899-906.
DOI: 10.1016/j.phytochem.2009.04.011

WINEKENSTADDE, D., ANGELIS, A., WALTENBERGER, B., SCHWAIGER, S.,
TCHOUMTCHOUA, J.,KONIG, S., WERZ, O., ALIGIANNIS, N., SKALTSOUNIS,
A.L., STUPPNER, H., 2015: Phytochemical profile of the aerial parts of
Sedum sediforme and anti-inflammatory activity of myricitrin. Nat.
Prod. Commun. 10, 83-88.

WINK, M., 2003: Evolution of secondary metabolites from an ecological and
molecular phylogenetic perspective. Phytochemistry 64, 3-19.
DOI: 10.1016/S0031-9422(03)00300-5

YE, M., YAN, Y., Guo, D.A., 2005: Characterization of phenolic compounds
in the Chinese herbal drug Tu-Si-Zi by liquid chromatography coupled
to electrospray ionization mass spectrometry. Rapid Commun. Mass
Spectrom. 19, 1469-1484. DOI: 10.1002/rcm.1944

YE,M., YANG, W.-Z., Liu,K.-D., Q1a0, X., L1, B.-J., CHENG, J., FENG, J., GuO,
D.-A., ZHAO, Y.-Y., 2012: Characterization of flavonoids in Millettia
nitida var. hirsutissima by HPLC/DAD/ESI-MSn. J. Pharm. Anal. 2,
35-42. DOI: 10.1016/j.jpha.2011.09.009

YOUSEF, G.G., GRACE, M.H., CHENG, D.M., BELOLIPOV, LV., RASKIN, I,
LiLa, M.A.,2006: Comparative phytochemical characterization of three
Rhodiola species. Phytochemistry 67, 2380-2391.
DOI: 10.1016/j.phytochem.2006.07.026

Address of the corresponding author:

Francisco Delgado-Vargas, Facultad de Ciencias Quimico Bioldgicas de la
Universidad Auténoma de Sinaloa (UAS), Ciudad Universitaria s/n, Culiacén,
Sinaloa, México, 80010

E-mail: fdelgado@uas.edu.mx, fcodelgadovargas@gmail.com

© The Author(s) 2018.
This is an Open Access article distributed under the terms

of the Creative Commons Attribution Share-Alike License (http://creative-
commons.org/licenses/by-sa/4.0/).



