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ARTICLE INFO ABSTRACT

Dyssodia tagetiflora is known as ‘Tzaracata’ and ‘flor de muerto’. Recently, D. tagetiflora has been reported to have
antioxidant activities in its polar extracts as well as insecticidal activities. Hyperoside (1), avicularin (2) and
avicularin acetate (3) have been isolated previously. However, the temporary variation in glycoside flavonoids
biosynthesis, as well as antibacterial and chemoprotective activities, have not been reported. The amount of 1, 2
and 3 in the different collections was characterized by HPLC-MS. Two new C-glycosides were characterized,
quercetin-4’-methyl ether 6-C glucoside (A1) and quercetin-4’-methyl ether 8-C glucoside (A2), as well as [2-
(3,4-dihydroxyphenyl)-5,7-dihydroxy-4-oxochromen-3-y1]13,4,5-trihydroxyoxane-2,6-dicarboxylate (A3). This is
the first report of the presence of C-C flavonoid glycosides compounds in the genus Dyssodia. Hyperoside was the
majority compound at all collections. The methanolic extracts of August 2016 and October 2017 were active
against Micrococcus luteus and Bacillus subtillis. The methanolic extract has chemoprotective effects because,
when applied topically in SKH-1 mice, it decreases the severity of epidermal damage induced by acute exposure
to ultraviolet radiation. In addition, cutaneous photocarcinogenesis was decreased in mice treated with the
extract. The methanolic extract of D. tagetiflora has chemoprotective properties by decreasing the damage caused
by acute and chronic exposure to UV in mice.
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1. Introduction

The Tagetae tribe (family Asteraceae) comprises approximately 20
genera and 260 species concentrated in the most arid regions of
America, especially abundant in México. Some representatives have
been traditionally cultivated as plants of ornate and ceremonial use
because of their striking flowers (Marotti et al., 2010). They are char-
acterized by annual or perennial grass, with a shrub shape and alternate
or opposite leaves, petiolate or sessile, with México as the main centre
of diversification of this family (Villareal-Quintanilla et al., 2008).
Thus, Dyssodia tagetiflora Lag., receives common names such as ‘colado’,
‘Tzaracata’ (Purépecha language) and ‘flor de muerto’. This plant has
been found in corn crops with saline soils on the shores. It is an arvense

and ruderal plant, common in disturbed and open sites, especially in
regions derived from the low deciduous forest mesophilic and oak
forests. The plant emerges in May and begins to flower in September
and concludes its flowering in November; later, it has a latent life as a
rhizome (Sanchez-Blanco and Guevara-Féfer, 2013).

Few chemical studies have been performed on the genus Dyssodia.
D. anthemidifolia has been reported to contain the compound 5-methyl-
2,2"5,2"-terthiophene (Downum et al., 1985), and bithhiennyl and
terthienyl compounds are found in D. decipienns (Bolhmann and Zdero,
1979; Downum and Towers, 1983), D. papposa (Downum and Towers,
1983) and D. acerosa (Bolhmann and Zdero, 1976). Meanwhile, D.
acerosa has been reported to comprise an essential oil that contains a
high proportion of monoterpenes such as chrysanthenone and camphor,
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among other compounds (Tellez et al., 1997). Moreover, in medicinal
folklore, the Otomi people from México used D. pinnata to treat gas-
trointestinal disorders (Rojas et al., 1999). Recently, in D. tagetiflora, the
insecticidal activity of the essential oil against D. melanogaster
(LDsp = 30.9 ug/mL) was reported. The methanolic extract showed
antioxidant activity (ICso = 19 and 4.8 ug/mL; DPPH and ABTS, re-
spectively). Additionally, quercetin glycosides: hyperoside, avicularin,
and acetyl-avicularin were isolated from the methanolic extract
(Garcia-Bores et al., 2018). Quercetin is commonly found in its glyco-
side form, in which one or more hydroxyl groups is replaced by dif-
ferent sugar groups. Many plants and vegetables contain quercetin O-
glycosides, and the most common glycosylation site is located at the C-3
carbon (Geng et al., 2016). Although C-glycosides are another type of
quercetin derivative, these compounds occur rarely in nature
(Materska, 2008). Additionally, it was reported that phenolic com-
pounds in birch leaves (Betula pubescens) are decreased during the
growing season (Nurmi et al., 1996), but the contents of secondary
metabolites can be associated with UVB radiation and low temperature,
which are prevalent at high altitudes (Cirak et al., 2017).

Our group aimed to study Mexican flora in the search of secondary
metabolites with chemoprotective properties. The objective of the
present study was to determine the temporal variation of flavonol
glycosides and to determine the antibacterial activity and chemopro-
tective capacity of the methanolic extract of D. tagetiflora (MEDt)
against the damage caused by acute and chronic exposure to ultraviolet
radiation (UVB) in a murine model.

2. Material and methods
2.1. Plant material

The aerial parts of D. tagetiflora were collected in August 2016,
August 2017, September 2017 and October 2017 on ‘Cerro del Toro’ in
the Province of Acdmbaro (Guanajuato, México) at 20°01°67” north
latitude, 100°7” west longitude and 2000 m above sea level (m.a.s.1.). In
addition, D. tagetiflora was collected only in October 2017 on the ‘Los
Agustinos’ reserve, located at 20°12’51rsquo;” north latitude,
100°39’19” west longitude at 2750 m.a.s.l., Acadmbaro, (Guanajuato,
México). The plant was authenticated by M. en C. Edith Lépez
Villafranco and was deposited in the IZTA Herbarium of the Facultad de
Estudios Superiores-Iztacala, Universidad Nacional Auténoma de
México, where a voucher specimen was registered as No. 20417 IZTA.

2.2. Extraction of D. tagetiflora

The aerial parts of all collections were dried to ambient tempera-
ture, in a room without natural light. Posteriorly, the plants (13.50 g)
were pulverized and powdered. The powder was extracted by ma-
ceration successively with hexane, dichloromethane and finally with
methanol at a ratio of 1:10 (w/w). Three consecutive macerations with
each solvent were performed at 25°C. Each extract was filtered and
concentrated under reduced pressure. The yield of methanolic extract
(MEDt) obtained at each collected season was calculated based on the
ratio of the solids obtained and mass of the plant material used for
extraction. On average, 1.50 = 0.25 g of MEDt was obtained at a yield
of approximately 11.11% each. MEDt obtained in August 2017 was
used for experiments of biological activity.

2.3. Phytochemical composition and temporal variation of MEDt

2.3.1. HPLC/DAD

The HPLC apparatus consisted of a diode array with UV-ESI-MS
detection. Chromeleon Software was used. The system consisted of a
PDA detector (at 254-350 nm). The column was an Allsphere ODS-1
(150 mm x 4.6 mm, 5um). The samples were analysed using a linear
gradient of 0.1% formic acid in water (v/v) (A), 0.1% formic acid in
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acetonitrile (v/v) (B) and 0.1% acid formic in methanol (v/v) (C):
starting with 95% A, 2% B and 3% C, and ending at 20 min with 43% B
and 57% C. The flow rate was 1.2 mL/min, and a quaternary 600 pump
was connected to an autosampler cooled to 20 °C. The following com-
pounds were used for quantification: hyperoside, avicularin, and avi-
cularin acetate. These compounds were previously isolated and char-
acterized by NMR (Garcia-Bores et al., 2018). Quercetin was purchased
from Sigma-Aldrich (Q0125-10).

2.3.2. Mass detector

2.3.2.1. Full mass. An Orbitrap Fusion Tri-hybrid system was used with
an ESI source controlled by Xcalibur Software (Thermo Scientific
Xcalibur V. 4.1.5.0). The operating parameters were as follows: ion
transfer tube temperature (°C): 260; vaporizer temp (°C): 350; detector
type: ion trap; use quadrupole isolation: true; scan range (m/z):
50-1000; polarity: positive; intensity threshold: 5.0e4; mass range
(m/2z): 50-1000; isolation mode: quadrupole; HCD collision energy
(%): 35; first mass (m/2z): 50; AGC target: 5.0e4. Nitrogen and helium of
ultra-high purity were used as nebulizing gases.

2.3.2.2. ddMS? OT HCD. The operating parameters were as follows:
MS" level: 2; isolation mode: ion trap; use isolation m/z offset: false;
activation type: HCD; HCD collision energy (%): 50; detector type:
Orbitrap; scan range mode: auto, m/z normal; Orbitrap resolution:
60000; first mass (m/z): 50; AGC Target: 1.5e5; inject ions for all
available parallelizable time: false; maximum injection time (ms): 35;
microscans: 1; data type: centroid; use EASY-IC: false.

2.3.2.3. ddMS® OT HCD. The operating parameters were as follows:
MS" Level: 3; synchronous precursor selection: false; use isolation m/z
offset: false; activation type: HCD; HCD collision energy (%): 50;
detector type: Orbitrap; scan range mode: auto, m/z normal; Orbitrap
resolution: 60000; first mass (m/z): 50; AGC target: 1.5e5; inject ions
for all available parallelizable time: false; maximum injection time
(ms): 35; microscans: 1; data type: centroid; use EASY-IC: false.

2.4. Antibacterial activity of MEDt and isolated compounds

2.4.1. Qualitative assay: Kirby Bauer (disk-diffusion method)

The antibacterial activity was evaluated by the disk-diffusion
method (Marin-Loaiza et al., 2008). A disk of 5mm diameter of
Whatman paper number five was prepared; each of them was im-
pregnated with methanolic solutions of each extract or isolated com-
pounds until the amount reached 2 mg per disk, followed by incubation
overnight to evaporate. Serratia marcescens (ATCC14756) (Gram -),
Bacillus subtilis (168WT) (Gram + ) and Micrococcus luteus (ATCC10240)
(Gram +) were used due to ecologic importance. Microorganisms were
grown overnight at 37 °C in 10 mL of Mueller-Hinton broth. The cul-
tures were adjusted with sterile saline solution to obtain turbidity
comparable to that of McFarland No. 0.5 standard (1.0 X 108 CFU/mL).
Petri dishes containing Mueller-Hinton agar were inoculated with these
microbial suspensions. MEDt and pure compounds with impregnated
disks were placed in Petri dishes containing the test microorganisms.
Disks with chloramphenicol (30 pg) were used as positive controls.
After 24h of incubation, inhibition halos were measured. Each ex-
periment was repeated three times.

2.4.2. Quantitative assay

The broth dilution method was used to determine the concentra-
tions at which the substances inhibit the growth of microorganisms
(modified from Koneman et al., 2017). The technique is based on the
use of 2,3,5-triphenyl tetrazolium chloride (TTC), a salt that is pale
yellow and, when reduced enzymatically to 1,3,5-triphenylformazan or
formazan, changes to red when the cells are alive, due to the activity of
several dehydrogenases. The assay using this technique is fast, efficient
and reliable to quantify cell viability colourimetrically.
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The substances tested were those that demonstrated antimicrobial
activity in the Kirby Bauer qualitative test: MEDt, avicularin acetate and
avicularin-avicularin acetate (1:4). The concentrations used for each
compound were: 0, 0.125, 0.25, 0.5, 0.75, 1.0, 1.5 and 2 mg/mL.

The experiment was carried out in 96-well plates, where 50 pL of
bacterial suspension was inoculated at a final concentration of 1 x 10°
bacteria/mL in each well. Subsequently, the different concentrations of
the substances were placed in the corresponding well. The plate was
incubated at 37 °C for 24 h. Thereafter, 50 uL. of TTC was incorporated
to 0.08% (w/v) and incubated during 30 min at 37 °C for later reading.

The results were interpreted from the formation of formazan crys-
tals and the red coloration they produce. The concentration at which
the coloration is no longer observed is considered the minimum in-
hibitory concentration (MIC), and the next concentration is the
minimum bactericidal concentration (MBC).

2.5. Chemoprotective assays

2.5.1. Experimental animals

The SKH-1 hairless mouse strain, a widely used model for human
photocarcinogenesis, was used in our study. Female SKH-1 mice at 5-6
weeks of age (weighing 27 + 5g) were purchased from Charles River
Laboratories (Wilmington, MA) and were maintained in a climate-
controlled environment with a 12h light/dark cycle. Five mice were
used per cage and were acclimatized for two weeks before starting the
experiment. Throughout the experimental period, mice had free access
to food and water that were provided through the food chamber on top
of the cages. The Bioethical Committee/FES Iztacala, UNAM approved
all animal protocols.

2.5.2. In vivo MEDt penetration study: tape stripping

Female SKH-1 mice at 5-6 weeks of age (n =5, weight on
27 + 5g) were placed in a laminar flux chamber at 21 °C and 62%
relative humidity for 30 min. Application zones measuring 2 x 2 cm?
was marked for each mouse in the dorsal area. The MEDt was applied to
the surface of the skin at 4 mg/cm? Fifteen minutes after an applica-
tion, the excessive substance on the applied area was wiped off with a
cotton swab, followed by washing with 96% ethanol and drying. The
stratum corneum of the treated areas was removed by four successive
tape strippings using Scotch tape strips (19 mm X 32.9m; 3M, MN,
USA). Each strip was taken in a controlled way, i.e., a 10 g rubber
weight was rolled over it 10 times. The first strip was discarded, and the
three following strips were collected and deposited in a 20 mL beaker.
Five mL of ethanol were added at each sample and then were stirred
with a magnetic bar for 30 min. The absorbance was measured at
365nm using a double-beam spectrophotometer (Perkin-Elmer,
Lambda 2S UV/VIS) because the MEDt main components absorbed that
wavelength. MEDt penetration was obtained in accordance with the
concentration measurements calculated by regression analysis
(Lademann et al., 2009; Wissing and Miiller, 2002).

2.5.3. Protocol for acute and chronic experiments of chemoprotection

The SKH-1 mice were randomly divided into four groups of five
mice each: negative control (C-), positive control with UV (C + UV),
MEDt and MEDt irradiated with UV (MEDt UV). The mice in the ne-
gative and positive control groups were treated topically on the dorsal
skin with 200 pL of 70% ethanol (exposed area: 4 cm?). MEDt was
dissolved in 70% ethanol at a concentration of 40 mg/mL (Espinosa-
Gonzalez et al., 2016). The MEDt groups were treated topically on the
dorsal skin with 8 mg/200 pL of the respective test solutions.

Fifteen minutes after application of the substances, the C + UV and
MEDt UV groups were irradiated with UVB lamps (302 nm, UVP. UVM-
26, 6 W) positioned 15 cm above their backs. Irradiation at this distance
produced a dose of 6 mJ/cm?, which was measured using a Spectroline
model DM-300HA research radiometer. The irradiation exposure time
in acute experiments was 10 min. After 24 h of irradiation, erythema
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was measured. Animals were subsequently sacrificed by carbon dioxide
asphyxiation, and the dorsal skin was dissected (Avila Acevedo et al.,
2014).

To study chemoprotection at a chronic level, it was preceded in the
same way as the acute study, regarding the number and characteristics
of the mice, and the classification of the lots (C-, C + UV, EMDt, EMDt
UV). The irradiation protocol was the same, only the time and
chronicity of the irradiation were different. In this case, the irradiation
consisted of exposure to UVB for 1 min each day for ten days.
Subsequently, the mice were irradiated three times a week for 1 min for
33 weeks, which is congruent with the treatments and time for the
previous occurrence of tumours in these mice (Gallagher et al., 1984).
The time of appearance of tumours was mapped for each mouse. Skin
tumour formation, indicated by the presence of outgrowths with a
diameter of 1 mm or greater, was expressed as the tumour incidence
and average tumour multiplicity (average number of tumours per
mouse) for each irradiated group (Wang et al., 1992) To evaluate the
incidence and multiplicity of lesions, a count was performed weekly to
determine the number of injuries.

2.5.4. Erythema measurements

The erythema in mice in acute experiments was calculated by
measuring the skin redness of the dorsal area of mice using a colour
analyser (Lutron, Mod. RGB-1002). Among the various methods, col-
ourimetry has the advantage of being the simplest and most re-
producible method. Redness values were measured 24 h after irradia-
tion. The results are expressed as redness values for each treatment
(Tryjillo et al., 1996).

2.5.5. Histological observation of the skin in acute experiments

Each dorsal skin sample was fixed with 2% paraformaldehyde in
phosphate buffer solution (pH 7.2) for 24h in the tissue embedding
cassette, dehydrated with a sequence of ethanol solutions (70%, 80%,
95% and 100% v/v) and embedded in paraffin. All serial sections were
cut to a thickness of 5um, de-paraffinized, and stained with haema-
toxylin-eosin (H&E) and toluidine blue to identify and quantitate mast
cells. The histopathological changes of each section were observed
using multiple microscopic fields and were photographed using a
photomicroscope (Leica DM500). The histological diagnosis was per-
formed comparing the C- mouse skin samples with the UVB-irradiated
groups (Elder et al., 1997). The classification of histological damage
caused by UVB was carried out in the presence or absence of damage in
the epidermis and dermis. The grade (mild, moderate or severe) and the
extension of the lesions in the observed fields (focal, multifocal or
diffuse) (Lashmar et al., 1988). Each value of the extension and grade
was assigned a number (1, 2 and 3) (Robbins et al., 2008; Sharma et al.,
2011).

2.6. Statistical analysis

Statistical analysis was performed on the collected data. The mean
values of the negative and positive controls and MEDt groups were
obtained from descriptive analyses, and one-way ANOVA was con-
ducted to obtain F values and MS errors. Dunnett's test was used to
determine the level of significance compared with the negative and
positive control values in each experimental series.

3. Results and discussion
3.1. Phytochemical composition and temporal variation of MEDt

We identified six compounds in the methanolic extracts. Among
them, hyperoside (1), avicularin (2), and avicularin acetate (3) were
isolated and reported previously (Garcia-Bores et al., 2018). In this
work, three other compounds were identified by LC-ESI-MS: quercetin-
4’-methyl ether 6-C glycoside (A1) [M + H 481.00 m/z], quercetin-4’-



E.A. Estrella-Parra et al. Food and Chemical Toxicology 124 (2019) 411-422

11.90

10.51
8.16 I
7.93
13.29
\ 19.49
15.12 16.27 17.06 19.03 "4 '~

0000 e oo
(b)
100000 | 1.23 oa 1?’:‘??/:

2.05 i 11.10 12,17 1s.3s 16.79 18.08 , J/
| W A 1S TLAN N AN
5.34 9.38 VJ 7 A~ AN W
2.93 4.04 6.36 8.45 A
71-082 on A A S S e 10.41

‘ (C) 13.51

| 1 11,’35

s5.54 9.40 | \ 1318 | | 1s.23 1743
A A\~ A A NSNS

80000

198 40 19.72
A -
AN

R i i

13.29
40000 | =
1 1.18 \ \
- | 20.78
seo ses sC 8.27 \ A 15.17 17.89 1912 075
I ‘1 f 7.68 || 9.05 AN W\ J AL M Ao A A A
11.08 2.80 5.30 6.10 A~ A || Y ~
A L AN A A
1 et 12.28
)
558 10.83
1.21 > P
1 .
7 19.37 21.0C
1 3.88 J \ . .4 17.34 18.40 o DA
0 1.64 254 sao e.ss 810 /1936 ) AJU UL A\ 18480 1733 ZDT8 o
2 a 6 a8 10 12 14 16 18 20

Fig. 1. Chromatogram of the methanol extracts of D. tagetiflora: (a) August 2016, (b) August 2017, (c) September 2017, (d) October 2017 (locality 'Cerro el Toro"), (e)
October 2017 (locality 'Los Agustinos'). Compounds: Al. quercetin-4’-methyl ether 6-C glycoside; A2. quercetin-4’-methyl ether 8-C glycoside; A3. [2-(3,4-dihy-
droxyphenyl)-5,7-dihydroxy-4-oxochromen-3-yl] 3,4,5-trihydroxyoxane-2,6-dicarboxylate; 1. hyperoside; 2. avicularin; 3. avicularin acetate.

methyl ether 8-C glycoside (A2) [M + H 481.10 m/z] and [2-(3,4-di- and ‘Los Agustinos’), we identified compound A1 (Fig. 1).

hydroxyphenyl)-5,7-dihydroxy-4-oxochromen-3-yl1]3,4,5-trihydrox- From the compounds isolated and reported previously (Garcia-Bores
yoxane-2,6-dicarboxylate (A3) [M + H 521.07 m/z]. Additionally, in et al., 2018), hyperoside was present at all collection dates and was the
samples collected in October 2017 in both localities (‘Cerro del Toro’ majority compound (0.036-0.18 mg/mg of extract). Furthermore,
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Table 1
Quantification of the compounds present in the four different collects.

Food and Chemical Toxicology 124 (2019) 411-422

Compound Date of collect (mg of compound/mg of extract)

August 2016 August 2017 September 2017 October 2017 October 2017°
Hyperoside 0.189 + 0.06 0.033 = 0.0006 0.036 + 0.001 0.056 * 0.003 0.09 * 0.009
Avicularin 0.047 + 0.008 0.009 = 0.0001 0.015 + 0.0005 0.020 = 0.0003 0.0159 + 0.003
Avicularin acetate 0.107 + 0.04 0.006 + 0.0007 0.012 + 0.002 0.016 * 0.001 0.049 + 0.02

@ Collected at ‘Los Agustinos. (Mean *+ SD, n = 3).

avicularin and avicularin-acetate were the second and third majority
compounds, in September and October 2017, respectively (‘Cerro del
Toro’, Acdmbaro, Gto, México) (Table 1).

3.2. Analysis of A1 and A2 compounds

3.2.1. Analytes with retention time of 7.9 and 8.1 min

We proposed that the analytes with retention time of 7.9 and
8.1 min present in August 2016 samples were quercetin-4’-methyl ether
6-C glycoside (A1) [M + H 481.00 m/z] and quercetin-4’-methyl ether
8-C glycoside (A2) [M + H 481.10 m/z]. Likewise, the analyte present
in October 2017 samples at both locations (‘Cerro del Toro’ and ‘Los
Agustinos’) corresponded only to Al (Fig. 1). To our knowledge, this is
the first time both compounds have been reported in D. tagetiflora.

3.2.2. Mass spectra analysis of A1 and A2 aglycone

In the August 2016 sample containing Al and A2 (RT: 7.9 and
8.1 min, respectively), as well as in October the 2017 sample containing
(A1) (‘Cerro del Toro’ and ‘Los Agustinos’ locations) (RT 8.2 and
8.3 min, respectively), we found 4’-methyl ether quercetin [M + H
317 m/z; 8% intensity] to be the aglycone of A1 and A2.

It has been widely reported that the retro-Diels-Alder (RDA) reac-
tion is a common feature that provides information on the number and
type of substituents in the A and B rings in flavonoids (Cuyckens and
Claeys, 2004). Therefore, the RDA reaction in the A ring generated the
fragment ions 311 m/z (glycosylated; 8% intensity), 153 m/z (without
sugar; 10% intensity) and 126 m/z (10% intensity). Additionally, the
RDA reaction in the B ring generated the fragment ions 167 and 138 m/
2 (10% intensity). Those ion fragments are of interest here because they
provide information about the methoxy group, which is present in the
C-4’ in the B ring. Additionally, the absence of the ion fragments 137,
108, and 91 m/z (Fig. 2 crossed arrow) denote a non-existent pathway.
This showed that the methoxy group is present in the B ring, and not in
another place of the aglycone. Finally, the mass fragmentation of
quercetin was compared with our experimental mass spectra, being
different for 15m/z. In conclusion, the aglycone identified is the com-
pound quercetin-4’-methyl ether commonly called ‘tamarixetin’
(D'Andrea, 2015) (Fig. 2).

3.2.3. Mass spectral analysis of A1 and A2 glycosides

The mass spectra obtained showed two different fragmentation
patterns of the O- and C- glycosides. For example, hyperoside, which is
an O-C glycoside, showed a base peak at 303 m/z, indicating that the
binding between the aglycone and sugar is labile and corresponds to a
glycosidic bond (Abad-Garcia et al., 2008, 2009; Geng et al., 2016)
(Fig. 3b). By contrast, 4’-methoxy quercetin 6-C and 8-C glycoside (Al
and A2, respectively) showed a poor peak [M + H 317 m/z; 6% in-
tensity] that is consistent with the C-C link between the flavonoid and
glycoside (Fig. 3c and d); thus, the flavonoid C-glycosides are more
stable than aglycones or O-glycosides (Xiao et al., 2016). The flavonoid
C-glycosides usually need higher collision energies, which induce the
primary breaks that occur in the sugar ring (Abad-Garcia et al., 2008,
2009, Geng et al., 2016). This phenomenon is evident by the appear-
ance of ion fragments corresponding to the loss of water molecules at
120 and 90 m/z (Fig. 4a) (Sanchez-Rabaneda et al., 2003; Cuyckens and

Claeys, 2004).

3.2.4. Difference between the 6-C (A1) and 8-C (A2) glycosides

As mentioned previously, the main feature of the C-glycosidic bond,
is that the sugar is directly linked to the flavonoid nucleus via an acid-
resistant C-C bond (Cuyckens and Claeys, 2004; Abad-Garcia et al.,
2009). Stability of the C-glycosidic bond needs high collision energies
for its fragmentation (De Villiers, 2016). In this point, the goal was the
differentiation between the 6-C and 8-C glycoside flavonol.

In our experiments, the loss of water and COH, is present in both
spectra. However, in the 6-C glycoside, the intensity of those fragments
is higher than that in the same fragments of the 8-C glycoside (Table 2).
This dehydration is one feature of the fragmentation pathway of the
sugar ring. Waridel et al. (2001) reported that the loss of water was
more intense in isoorientin (6-C glycoside) than in orientin (8-C gly-
coside). Additionally, in our experiments, we note the presence of an
ion fragment at 463 m/z [M + H-18 m/z], which is due to the loss of
one molecule of water, being more intense in the 6-C glycoside (2%)
than in the 8-C glycoside (< 1%) (Table 2; Fig. 4a and b).

Additionally, we can observe the ion 409m/z [M + H —4 H,O0],
which, in the 8-C glycoside, was less intense (3%) than that in the 6-C
glycoside (4%) (Table 2; Fig. 3c and d). This indicates that the 6-C
glycoside can eliminate -via the loss of water- the hydroxyl group
present in C-5 and C-7 of tamarixetin (Fig. 4b). In contrast to the 8-C
glycoside, the loss of water is only in the C-7 to tamarixetin, reducing
the intensity of the loss of water signal in the spectra (Table 2; Fig. 4b).
This is in accordance with previously reported results by Abad Garcia
et al. (2009), who reported that luteolin and apigenin 6-C glycoside
presented the loss of four water molecules [M + H-72 m/z], in contrast
to luteolin and apigenin 8-C glycosides and did not present these losses.
Additionally, it was reported that, in 8-C glycosides, the fragment
[M + H —4 H,0] was low in intensity; however, in 6-C, it was more
perceptible. Similar results of 6-C and 8-C flavonoids glycosides were
reported by Geng et al. (2016).

Moreover, in our experiments, the ion 331 m/z (M + H-150 m/z) in
the 6-C glycoside presented low intensity (2%), while that in the 8-C
glycoside was higher (4%). Thus, Pereira et al. (2005) reported that the
loss of 150 m/z in isoorientin (6-C glycoside) was less intense (40%)
than that in orientin (8-C glycoside) (60%).

Otherwise, we can observe the ions of 361 m/z [M + H —120 m/z]
that, in both spectra, present similar intensity (3%) (Table 2). This is in
partial disagreement with the results previously reported by Grayer
et al. (2000), who mentioned that C-glycosides in Ocimum gratissimum
presented the loss of [M + H —120 m/z], which, in 8-C glycosides,
were the most intense than 6-C glycosides. Additionally, Pereira et al.
(2005) reported particularly that the loss of [M + H —120 m/z] in
isoorientin (6-C glycoside) was less intense than that in orientin (8-C
glycoside). Finally, Singh et al. (2015) reported that, in the loss of 90 m/
z in luteolin and apigenin 6-C glycoside, the ion fragment was more
abundant than in the 8-C glycoside. The pattern of fragmentation
shown in Table 2 and Fig. 4a indicates that the sugar suffers the loss of
four water molecules, suggesting that the sugar bound to the flavonoid
is a glucose, due to similar pattern of fragmentation obtained experi-
mentally with the reported by Abad Garcia et al. (2009). At this time, it
was not known between the two C-glycosides (Al and A2) which had
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Fig. 2. Fragmentation of the quercetin-4’-methyl ether (tamarixetin).

the C-6 or C-8 bond. Therefore, to assign the ion fragments (361, 391
and 409m/z) in each molecule, it was decided to carry out MS/MS
experiments (MS? and MS®).

To distinguish between 6-C (A1) and 8-C (A2) glycosides, both
analytes were evaluated via MS? and MS?, using HCD collision energy
at 50%. Thus, we can find an evident difference in both analytes. The
ion fragments 391 [M + H-90 m/z; 90% intensity] and 409 [M + H-
72 m/z; 10% intensity] were only present in the 6-C (A1) glycoside.
Meanwhile, the ion 361 [M + H-120 m/z; 100% intensity] was only
present in the 8-C (A2) glycoside. This agrees with the results pre-
viously reported by Harborne (1994); Ferreres et al. (2003); Sanchez-
Rabaneda et al. (2003); Pikulski and Brodbelt (2003); Davis and
Brodbelt (2004) and Cao et al. (2014).

Finally, it was not possible to isolated preparatively A1 and A2 from
MEDt due to its low yield. In the future studies, will isolated them to
confirm structures via NMR (*H and 3C), especially the realization of
NOE correlation experiment to assign the type of bond (a or ) between
sugar and aglycone.

3.3. Mass spectral analysis of A3

We proposed the compound [2-(3,4-dihydroxyphenyl)-5,7-dihy-
droxy-4-oxochromen-3-yl]3,4,5-trihydroxyoxane-2,6-dicarboxylate
[M + H 521.07 m/z) as the last analyte in the chromatogram (RT
13.29 min) (Fig. 1; A3) that is present in all seasons of collection. For
practical purposes, the sugar was placed in the 3-C position; however,
the sugar can be located in other OH substituents. Thus, the exact mass
in silico [520.09 m/z] (ChemBiodraw Ultra, V. 12.0) is similar in our
experiment [M + H 521.07 m/z] (Fig. 5). Therefore, the fragmentation
pattern presents a peak at 303 m/z [M + H] corresponding to quercetin.
Moreover, the loss of COH, generated a high intensity of ion 333 m/z
[M +H]. Furthermore, the sugar part presented the loss of three water
molecules, indicating the presence of OH groups. Among other features,
the dissociation of the sugar part induces an acylium ion (HCO™*) and
carbenium ions (Co,H4*, CHs™"). Fig. 5 shows the sugar dehydration
pattern. Likewise, in other fragments, the a-cleavage to the carbonyl
group is evident, inducing an acyl ion loss [M + H —43 m/z]. The mass
spectrum obtained in this study is similar to that obtained by Simkhada
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et al. (2010) for O-glucuronyl quercetin. In conclusion, the compound
A3 is [2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-4-oxochromen-3-yl]
3,4,5-trihydroxyoxane-2,6-dicarboxylate.

3.4. Antimicrobial activity of MEDt and isolated compounds

It was reported that quercetin glycosides are produced by some
plant species as an eliciting response against microorganisms
(Conceicao et al., 2006). Thus, we proceeded to evaluate the anti-
bacterial activity against three common bacteria in the environment,
that can contaminate foods. As mentioned previously, hyperoside and
avicularin were the first and second majority compounds in almost all
samples of MEDt. Nevertheless, it showed no inhibition against tested
bacteria. By contrast, the MEDt of the August 2016 (‘Cerro del Toro’)
sample and October 2017 (Collected at ‘Los Agustinos’) sample pre-
sented an antibacterial effect against M. luteus as well as B. subtillis,
being inactive against S. marcescens. Here, it is important to note that
only the active extracts have in their chemical composition C-C glyco-
sides and O-glycosides. Meanwhile, avicularin acetate and the mixture
of avicularin/avicularin acetate (1:4) presented activity only against M.
luteus (Table 3). This fact agrees with that found by Wu et al. (2013),
who demonstrated a positive correlation between the deleterious effect
and hydrophobicity of the flavonoids with respect to their activity on
the membranes of Gram-negative bacteria. Thus, the MEDt containing
mainly quercetin glycosides demonstrated no activity on S. marcescens.
Accordingly, it is presumable that MEDt is only active against Gram-
positive bacteria.

There are few reports on the activity of C-flavonoid glycosides. The
antimicrobial activity of the shamimin has been reported as a 6-C fla-
vonol glycoside that was isolated from Bombax ceiba and that has
structural similarity to A1 (Faizi and Ali, 1999). It is likely that the
antibacterial activity of the extracts collected in August 2016 (‘Cerro
del Toro’) and October 2017 (‘Los Agustinos’) is due to the synergy
between avicularin acetate and Al because these two collections were
detected in larger quantities (Fig. 1).

To confirm the bactericidal activity of extracts and compounds, we
obtained the minimal concentration inhibitory (MIC) and minimum
bactericidal concentration (MBC). For this purpose, we tested the
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Fig. 3. Full mass and chromatogram of the A1 and A2 analytes. (a) Chromatogram of August 2016 sample. (b) Full mass of hyperoside, which can observe the high
intensity of the bond between quercetin and glycoside part [303 m/z; 100% intensity]. (c) Full mass of quercetin-4’-methyl ether 6-C (A1). (d) Full mass of quercetin-
4’-methyl ether 8-C (A2).
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HO
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Fig. 4. Loss of water and COH, in 6-C (A1) and 8-C (A2) glycosides. (a) Loss of water (18 m/z) and COH, (30 m/z) in 6-C and 8-C. (b) Interaction of the hydroxyl
group in C-5 and C-7 position in the A ring of the aglycone, with the hydroxyl group to sugar.
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Table 2
Loss of water in 6-C and 8-C glycosides (Full mass).

Ton Loss Position of the glycone part

6-C (A1) 8-C (A2)

(RT: 7.93min) Intensity (%) (RT:8.17min) Intensity (%)

m/z m/z
M+ H 0 481.0 32 481.1 28
-H,0 18 463.0 2 463.0 <1
-2 (H0) 36 445.0 <1 445.0 <1
-3 (H0) 48 427.0 2 427.0 <1
C,02H4 60 421.0 <1 421.1 4
-4 (H0) 72 409.0 4 409.0 3
C303Hg 90 391.1 6 391.3 3
C404Hg 120 361.0 3 361.0 3
CsOsHio 150 331.0 2 331.0 4

extract October 2017 (‘Los Agustinos’) as well as the compounds avi-
cularin acetate and avicularin/avicularin acetate (1:4). The extract
collected in October 2017 (‘Los Agustinos’) presented a lower MIC and
MBC than the isolated compounds, indicating a probable synergy be-
tween Al and the acetate of avicularin (Table 4).

3.5. Chemoprotective assays

3.5.1. MEDt penetration study

The results of HPLC-MS analysis of the MEDt confirmed the pre-
sence of hyperoside, avicularin and avicularin acetate. Because all three
compounds have maximum absorption peaks (Amax) near 365 nm, this
wavelength was chosen for their detection in the permeation experi-
ments. Similar to the irradiation experimental protocol, each mouse
was treated topically with 4 mg/cm? of the MEDt for 15min. Active
components of MEDt penetrate at 0.43 = 0.2% (18ug/cm?). The
quercetin glycosides are the main components of MEDt that have been
reported to have different biological properties, including antioxidant,
cytoprotective (Garcia-Bores et al., 2018) and anti-inflammatory ca-
pacities (Sharma et al., 2018). However, quercetin has poor solubility.
This flavonoid has a partition coefficient of 1.82 + 0.32 due to the
presence of non-polar groups, but hydroxyl in carbons 3 (ring C), 5 and
7 (ring A) as well as in carbons 3’ and 4' (ring B) decrease its ability to
penetrate the skin (Hatahet et al., 2016). Avicularin and hyperoside are
glycosides that increase their polarity; therefore, their penetration of
the skin is poor. This would lead to the notion that the quantity of
active compounds of MEDt that penetrates the skin is low; however, the
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number of molecules that can penetrate is significant according to
Avogadro's number (Avila Acevedo et al., 2014) and can have effects on
the skin.

3.5.2. Chemoprotection in acute experiments

3.5.2.1. MEDt anti-erythema activity. One of the principal events in
acute skin UVB irradiation exposure is the production of erythema (skin
redness). Erythema is visible 24 h after exposure to UVB. As shown in
Fig. 6, irradiated unprotected SKH-1 mice exhibited increased skin
redness within 24 h of UV exposure. Both groups of mice treated with
MEDt (MEDt and MEDt UV) showed a decrease in redness compared
with the unprotected irradiated group (p < 0.05).

Regarding erythema, the determining factor of skin colour is the
extent to which vascular filling occurs, where an increase or decrease in
vessel congestion results in a greater degree of redness or paleness of
the skin, respectively (Trujillo et al., 1996). Exposure of the skin to UV
can trigger activation of the dermal blood microvasculature and al-
teration of the extracellular matrix, which play a key role in skin
homeostasis as well as in the development of inflammatory acute pro-
cesses and cutaneous neoplasia. The flavonoids present in the red grape
(Vitis vinifera) such as quercetin, catechin, epicatechin and malvidin can
protect dermal blood endothelial cells (HDBECs) in vitro (Di Francesco
et al., 2018). In the case of MEDt, the reduction in erythema caused by
UVB can be explained by the presence of sunscreen substances such as
quercetin and several glycosylated derivatives such as hyperoside and
avicularin (Garcia-Bores et al., 2018) that, in addition to absorbing UV,
can modulate the cellular processes that decrease the congestion of the
dermal microvasculature.

3.5.2.2. Histological analysis. A histological evaluation was performed
on SKH-1 hairless mice exposed to UVB. Fig. 7 shows the most
representative results of the histological study. The skin of the C-
group did not show histological damage (7A). Acute exposure of UVB
produced histological changes in the C + UV group (7B): intra-/
intercellular oedema in the epidermis (spongiosis), sunburn cells,
changes in cell maturation and proliferation such as pleomorphic
cells, thickening of the stratum corneum, hypertrophy and atrophy. In
the dermis, vessel congestion, haemorrhage and inflammatory
infiltrates were noted. Damage to the epidermis was presented in a
multifocal and moderate way (7I) and increased in the dermis (7J). The
MEDt group showed normal skin characteristics and some damage
associated with exposure to an external agent: spongiosis, inflammatory
infiltrates and congestion of blood vessels (7C). Damage was focal and
slight in the epidermis (7I), with a slight increase in the dermis (7J).
By contrast, skin from MEDt UV (7D) mice showed a slight
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Fig. 5. Mechanism of fragmentation of proposed molecule A3 [2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-4-oxochromen-3-yl1]3,4,5-trihydroxyoxane-2,6-dicarboxylate

(Full mass).
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Table 3

Food and Chemical Toxicology 124 (2019) 411-422

Antibacterial activity of methanolic extract D. tagetiflora (MEDt) obtained in different months and isolated compounds.

Organism Inhibition halos (mm)

Aug 2016 Aug 2017 Sept 2017 Oct 2017 Oct 2017 1 2 3 2/3 (1:4)
M. luteus 7.3 £ 0.5 na na na 7.7 £ 0.5 na na 7.6 £ 0.5 9.0 = 0.5
B. subtillis 7.0 = 1.0 na na na 85 = 0.9 na na na na
S. marcescens na na na na na na na na na

@ Collected at ‘Los Agustinos’. na: not activity. 1. Hyperoside; 2. Avicularin; 3. Avicularin acetate. (Mean + SD, n = 3).

Table 4
MIC and MBC of methanolic extract (MEDt) and compounds of D. tagetiflora.
Microorganism  Antibacterial MEDt Avicularin Avicularin/
activity (mg/mL)  October acetate Avicularin
2017 acetate (1:4)
B. subtillis MIC 0.50 > 2.00 > 2.00
MBC 0.75 > 2.00 > 2.00
M. luteus MIC 0.12 1.50 > 2.00
MBC 0.25 2.00 > 2.00
@ Collected at ‘Los Agustinos’.
1000+
800+ ———
/7] ]
3 600+ ==
=
S 4
o 00+
200+
0- T T
C- C+UV MEDt MEDt UV
Treatments

Fig. 6. Colorimetric values of erythema (redness) in SKH-1 mice. C-: Negative
control (Vehicle 200 pL of ethanol); C + UV: Vehicle and UVB; MEDt: D. ta-
getiflora methanolic extract; MEDt UV: D. tagetiflora methanolic extract and
UVB.

thickening of the epidermis and reduction of spongiosis, which were
considered focal and mild (7I). The damage in the dermis included
congestion of blood vessels, the presence of inflammatory infiltrates
and haemorrhage, corresponding to a moderate inflammatory process
7D.

In addition to the histological diagnosis, toluidine blue staining and
the mast cell count were performed (Fig. 7E-H). The results indicate
that UV irradiation (7F) and the application of MEDt (7G) cause an
increase in the number of mast cells in the dermis with respect to C-
(7E). However, in mice treated with MEDt and subsequently exposed to
UV (7H), there was a significant decrease with respect to the C + UV
group, without reaching the basal levels in C- (7 E and K). This could
indicate that the MEDt possibly act as an irritant on the skin. One of the
most obvious characteristics of exposure to an irritant is redness. Our
macroscopic results in which the skin colour was measured did not
indicate that the mice of the MEDt group had a substantial increase in
this parameter (Fig. 6) and in congestion at the microscopic level
(Fig. 7C). Thus, more studies are needed in this regard.

Inflammation is characterized by a series of biological processes that
play important roles in protecting the body against external agents,
such as RUV. The steps that lead to this response are awareness and
activation. In the first, the inflammatory molecules increase and
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inflammasomes are activated, resulting in the secretion of proin-
flammatory cytokines (Young-Su, 2018). Acute exposure to UV causes
the recruitment of mast cells into the skin that participate in the in-
flammatory process characteristic of sunburn (Grimbaldeston et al.,
2006). Our results confirm what was previously reported about the
inflammatory effect of UV on the skin by causing damage such as the
congestion of blood vessels, with the consequent haemorrhage and
presence of inflammatory infiltrates (Hart et al., 2001).

The mice treated with MEDt and irradiated with UV showed a de-
crease in the severity of damage markers, such as thickening and oe-
dema (spongiosis), especially in the epidermis. The combination of
these two foreign agents in the skin (UV and MEDt) shows an anti-
inflammatory effect in this stratum. Possibly, the chemical components
of MEDt are acting as anti-inflammatory agents and modulate cellular
processes. Hyperoside has anti-inflammatory properties in various
models such as mouse peritoneal macrophages (Kim et al., 2011) and
vascular inflammation caused by high blood glucose levels (Ku et al.,
2014). Regarding avicularin, it was reported in cell cultures (SH-SY5Y
and PC12) to modulate pro-inflammatory signalling (TNF-a) in neu-
ronal cells (Park et al., 2018).

In the dermis, the extension of inflammatory markers is multifocal;
however, the degree decreases that is, the severity. In addition, mast
cell counts decrease significantly compared with C + UV (Fig. 7). The
decrease in the number of mast cells in the dermis is an indicator of the
anti-inflammatory effect of MEDt, reducing the risk of producing im-
munosuppression but without triggering an exacerbated inflammatory
response. Mast cells in the skin participate in phototolerance or im-
munosuppression induced by UV so they have been directly related as a
risk factor for photocarcinogenesis (Grimbaldeston et al., 2006;
Schweintzger et al., 2015). UV-exposed, mast cell deficient (Kit (W-Sh/
W-Sh) mice were more susceptible to epidermal hyperplasia, dermal
oedema and blood vessel dilation. Thus, mast cell-deficient mice are
resistant to UV-induced immune suppression and exhibit excessive
scratching behaviour compared with controls. Protection from this UV-
induced scratching phenotype was dependent on mast -cells
(Schweintzger et al., 2015).

Our results allow us to infer that the inflammatory process is
modulated by the components of MEDt and that the presence of mast
cells is the result of the chemoprotection mechanism of the extract,
avoiding in the long term the development of skin cancer due to chronic
exposure to the UV.

3.5.3. Chemoprotection in chronic experiments

The chemoprotective effects of MEDt in carcinogenesis induced by
chronic exposition of UVB in mice SKH-1 are shown in Fig. 8. The ap-
pearance of skin tumours began in the 25th week of irradiation in the
C + UV group, reaching 100% incidence at week 30. The multiplicity at
the end of the experiment in this group was 18 (mean number of tu-
mours/mouse). In mice treated topically with MEDt before exposure to
UV-B, skin tumours arose at week 25 in 20% of the mice. At week 30,
the incidence was 80% with a multiplicity of 13. Therefore, MEDt had a
chemopreventive effect by reducing skin tumour development in terms
of both the tumour incidence and multiplicity.

In the experiment, the number and diameters of the lesions were not
constant; some disappeared or were decreased in size. It was reported
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Fig. 7. Chemoprotective effect of methanolic extract of D. tagetiflora (MEDt). Histology of skin samples from UVB-irradiated SKH-1 mice treated with MEDt and
quantitative analysis. A: C- Negative control (70% ethanol vehicle); B: C + UV (70% ethanol and UV irradiation), C: MEDt (Methanolic extract of D. tagetiflora); D:
MEDt UV (Methanolic extract of D. tagetiflora and UV irradiation). Panel E-H staining for mast cell counts. E: C- Negative control; F: C + UV; G: MEDt; H: MEDt UV.
Panels A-D H&E; panels E-H toluidine blue. Magnifications 100X, boxes 400X. I: Epidermal damage grouped by treatments J: Dermal damage grouped by treatments.
K: Means of the number of mast cells per treatment (*p < 0.05 with respect to control). Ed: oedema; Ep: epidermis; De: dermis; Ii: inflammatory infiltrates; Mc: mast
cell; Sc: stratum corneum; Sp: spongiosis; Pc: pleomorphic cells; Vc: vessel congestion. (For interpretation of the references to colour in this figure legend, the reader

is referred to the Web version of this article.)

that injuries can heal early, which may be due to an increase in the
repair of DNA damage (Roos et al., 2013). Chemoprevention is referred
to preventing or delaying the development of skin cancer, particularly
tumour promotion and progression stages, through using phytochem-
icals (Montes de Oca et al., 2017). In this case, we observed that the
MEDt reduces the number of tumours in the mice, and its main com-
ponents are glycosylated derivatives of quercetin. Quercetins are
known to be a good antioxidant due to the hydroxyphenyl groups
present in its structure. This flavonoid is an ideal candidate to prevent
photocarcinogenesis; however, its poor stability, permeability and so-
lubility diminish its potential use as a cutaneous chemoprotective agent
in in vivo models (Hung et al., 2012). Due to the mentioned above, the
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activity of quercitrin (3-rhamnosyl-quercetin) has been evaluated in
SKH-1 mice but only in models of semi-chronic irradiation (six weeks).
Additionally, it was found to protect the skin from the generation of
ROS induced by UVB and promotes the restoration of skin antioxidants
such as GSH/GSSG and catalase (Yin et al., 2013). Considering the ef-
fect of quercitrin in semi-chronic experiments, the chemoprotective
effect of MEDt in reducing the multiplicity of tumours induced by UVB
light in SKH-1 mice can be considered to be attributed to its chemical
composition in which the glycosylated derivatives of quercetin pre-
dominate.
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4. Conclusions

We reported for the first time the temporary variation of phenolic
compounds in Dyssodia tagetiflora. Therefore, at least from August to
October, D. tagetiflora induces similar compounds, with hyperoside
being the majority compound. Additionally, we reported new com-
pounds, not reported in D. tagetiflora: quercetin-4’-methyl ether 6-C
glucoside, quercetin-4’-methyl ether 8-C glucoside and [2-(3,4-dihy-
droxyphenyl)-5,7-dihydroxy-4-oxochromen-3-yl] 3,4,5-trihydrox-
yoxane-2,6-dicarboxylate. Furthermore, the methanolic extract of
August 2016 and October 2017 (Collected at ‘Los Agustinos’) presented
antimicrobial activity against M. luteus and B. subtillis. Meanwhile,
avicularin acetate and the mixture of avicularin/avicularin acetate
presented activity only against M. luteus. The methanolic extract of D.
tagetiflora has chemoprotective properties by decreasing the damage
caused by acute and chronic exposure to UV in SKH-1 mice. Finally, D.
tagetiflora is a promissory plant for subsequent research in the pursuit of
novel compounds and diverse biological activity.
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