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Abstract: Plant extracts are complex mixtures that are difficult to characterize, and mass spectrometry
is one of the main techniques currently used in dereplication processes. Fridericia chica is a species with
medicinal uses in Latin American countries, used in the treatment of inflammatory and infectious
diseases. Extracts of this plant species are characterized by the presence of anthocyanidins. In this
study, using high-resolution mass spectrometry coupled with liquid chromatography, it was possible
to determine the molecular formula of thirty-nine flavonoids. Fragmentation analysis, ultraviolet
spectrum and nuclear magnetic resonance data allowed the partial characterization of the structures
of these compounds. The spectral dataset allowed the identification of a series of flavones in addition
to the desoxyanthocyanidins common in extracts of the species. The occurrence of some of the
proposed structures is uncommon in extracts of species of the Bignoniaceae family, and they are
reported for the first time in the extract of this species. Quantitative analyses of total flavonoids
confirmed the high content of these constituents in the species, with 4.09 + 0.34 mg/g of dry plant
material. The extract under study showed low in vitro cytotoxicity with CCsy > 296.7 + 1.4 ug/mL
for Vero, LLC-MK2 and MRC-5 cell lines. In antiviral activity assays, inhibition of the cytopathic
effects of Dengue, Zika and Mayaro viruses was observed, with ECs values ranging between 30.1
and 40.9 pug/mL. The best result was observed against the Mayaro virus, with an ECsg of 30.1 pg/mL.

Keywords: Arrabidaea chica; Bignoniaceae; flavonoids; anti-dengue activity

1. Introduction

Fridericia chica (Bonpl.) L.G.Lohmann (Bignoniaceae) is a climbing plant belonging
to the Bignonieae tribe, popularly used in Latin American countries in the treatment of
infections, diarrhea, anemia, intestinal pain and uterine inflammation and for the healing
of skin wounds [1,2]. Traditionally, it is also used in the production of red coloring, due
to the presence of the 3-desoxiantocianidinas chemical constituents characteristic of this
species [1].

The presence of flavonoids is common in extracts of this species. Chapman and
collaborators were the first researchers to study the leaves of F. chica, isolating two 3-
desoxyanthocyanidins pigments, carajurin and carajurone, whose structure was fully

Molecules 2022, 27, 6043. https:/ /doi.org/10.3390/molecules27186043

https://www.mdpi.com/journal /molecules


https://doi.org/10.3390/molecules27186043
https://doi.org/10.3390/molecules27186043
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/molecules
https://www.mdpi.com
https://orcid.org/0000-0002-5456-3672
https://orcid.org/0000-0003-2472-8111
https://doi.org/10.3390/molecules27186043
https://www.mdpi.com/journal/molecules
https://www.mdpi.com/article/10.3390/molecules27186043?type=check_update&version=1

Molecules 2022, 27, 6043

2 of 21

elucidated by Zorn and collaborators [1,2]. As well as carajurin and carajurone anthocyani-
dins, Zorn and collaborators isolated 6,7,3' 4’-tetrahydroxy-5-methoxy-flavylium and 6,7,3'-
trihydroxy-5,4'-dimethoxy-flavylium [2]. Takemura et al. (1993) isolated 4’,5-dihydroxy-7-
methoxyflavone from leaves of this species, and subsequently carajuflavone and luteolin [3].
Barbosa and collaborators reported the isolation of 4'-hydroxy-3,7-dimethoxyflavone,
kaempferol and vicenin II [4].

The antiviral activity of this species was first reported by Brandao and collaborators,
where the extract of this species inhibited the replication of Vaccinia virus (VACV WR) [5].
The same study reported the antiviral activities of the ethanol extracts of eight other species
of this family. The best results for antiviral activities were obtained for the extracts of leaves
of the species Arrabidaea ternatum (ECsg of 8.1 mg/mL), Arrabidaea samydoides (ECsqy of
37.1 mg/mL) and Disctella elongata (ECs of 4.6 mg/mL) against VACV WR [5].

Several methods have been developed to analyze the constituents in various matrices.
Thin-layer chromatography, gas chromatography, high-performance liquid chromatogra-
phy (HPLC), HPLC—mass spectrometry and capillary electrophoresis (CE) are the most
powerful analytical separation methods [6]. In particular, the advent of electrospray ion-
ization (ESI) combined with tandem mass spectrometry (MS/MS) has permitted ready
study of the flavonoids and their ion chemistry, and the determination of flavonoids in low
concentrations in several extracts [7]. Furthermore, liquid chromatography (LC)-MS tech-
niques are able to separate other single components in complex mixtures and to perform
identification and quantification [7].

The compounds were qualitatively identified in the F. chica extracts without purifi-
cation or isolation, and assignment was based on their liquid chromatography (LC)-MS"
behavior. Additionally, the quantification of total flavonoids was performed using UV
methods, and partial structures were determined using nuclear magnetic resonance (NMR).

2. Results and Discussion
2.1. Characterization by LC-DAD-ESI-MS and UPLC-HRMS

The UPLC/HRMS results allowed the detection of thirty-nine flavonoids, whose
elemental compositions were assigned based on the accurate mass measurements (<5 ppm)
provided by the TOF analyzer [8].

After analysis of these data, it was possible to propose the molecular formula and the
partial chemical structure for thirty-nine flavonoid compounds detected in their protonated
forms, as shown in Table 1. A maximum error of 5 ppm between the experimental and
theoretical exact masses of compounds and their proposed structures was observed.

The chromatographic analyses using UV detectors and the mass spectra provided a
set of data used for the partial characterization of the compounds present in the extract
of this plant species. Among the data obtained, we can highlight the characteristic bands
of flavonoids in the UV-visible, the high-resolution mass values, the presence and/or
absence of aglycone fragments, the molecular weight of aglycones, the fragmentation
data obtained from MS? analysis and the retention times. In addition, comparisons were
made with data from isolated compounds and data from the literature [9-12]. These
parameters allowed the separation of the thirty-nine compounds identified into three
groups: desoxyanthocyanidins, C-glycosylflavones and O-glycosylflavones.

The UV spectra of flavonoids, with the exception of anthocyanidins, showed a Amax
for the chromophore referring to band 2 of below 335 nm, suggesting that these flavonoids
are not oxygenated at position 3 (Table 1, Figure 1). The chromatographic profile of the
ethanolic extract obtained by RP-UPLC-DAD is shown in Figure 2.
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Table 1. Flavonoids partially identified in extract of Fridericia chica by LC-DAD-MS.

Molecular . HRMS [M + [M-H]~ Aglycone Characteristic m/z of Ions in Positive
Compound Formula RT (min) UV (nm) HI* (mn/z) Error ppm (m/z) (Mol. Wt.) Ion Mode (%)
595.1646 (100.0), 577.1546 (27.0),
1 Vicenin IT CayH30015 11.7 281, 330 595.1646 29 593.48 - 475.1221, 457.1122 (36.8), 439.1019 (20.5),
355.0807, 337.0700 (54.5), 295.0598 (30.8)
6-Methoxyluteolin-O- 479.1173 (21.0), 317.0649 (100.0),
2 glucoside C2H 010 119 278,330 479.1173 32 47731 316 3050454 (6.6), 302.0415 (49.1)
6-Methoxyluteolin-O- 493.0962 (34.0), 317.0648 (100.0), 303.0447
3 alucuronide CaoHyO13 12.1 283,328 493.0962 40 49155 316 (9.7, 302.0416 (56.3)
4 Scutellarein-O-glucuronide Cy1H15012 12.4 283, 330 463.0881 1.1 461.43 286 463.1219 (1.1), 287.0907 (100.0)
5 Hispidulin-O-glucoside CpoHOr; 12.7 282,333 463.1227 2.8 461.30 300 463.1227 (16.4), 30(16277(;1 (100.0), 286.0467
6 6'Hydgrﬁi‘£:§§h“'o' Cy1HaoO12 12.9 280, 333 465.1019 3.0 463.46 302 465.1020 (100.0), 303.0494 (4.3)
T . 477.1021 (32.7), 301.0702 (100.0),
7 Hispidulin-O-glucuronide CyHy9O12 12.9 278, 330 477.1019 3.0 475.35 300 287.0502 (11.7), 286.0466 (79.0)
8 6-Hydroxyluteolin-O- CyHis013 13.1 283, 330 479.0811 3.0 477.38 302 479.0811 (19.6), 303.0493 (100.0)
glucuronide
9 Scutellarein-O-rutinoside CayHz0015 13.7 276, 335 595.1644 3.9 593.48 286 595.1649 (15.1), 287.0545 (100.0)
10 Scutellarein-O-glucoside Cy1HpO11 13.9 277,335 449.1068 32 447.39 286 449.1071 (10.4), 287.0545 (100.0)
11 6-Methoxyluteolin C16H1207 14.1 281,335 317.0649 3.8 317.45 316 317.0650 (99.3), 3(01368%4)8 (15.4), 302.0416
12 Scutellarein-O-glucuronide Cy1His012 14.1 281, 335 463.0860 35 461.24 286 463.0864 (20.5), 287.0545 (100.0)
13 6-Hydroxyluteolin-O- CyHi5013 142 283,331 479.0809 32 47731 302 479.0809 (19.6), 303.0494 (100.0)
glucuronide
14  Scutellarein-O-glucuronide Cy1His012 14.3 276, 335 463.0861 3.1 461.50 286 463.0864 (22.0), 287.0545 (100.0)
301.0707 (100.0), 287.0512 (14.0),
15 3'-hydroxy-carajurone C16H1306" 145 301.0708 1.3 301 286.0472 (91.2), 186.0162 (20.6), 168.0056
(20.5), 140.0107 (11.4)
16 Apigenin-O-rutinoside Co7H39014 14.7 579.1694 3.3 577.21 270 579.1699 (18.0), 433.1115 (15.6), 271.0594

(100.0)
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Table 1. Cont.

Molecular . HRMS [M + [M-H]~ Aglycone Characteristic m/z of Ions in Positive
Compound Formula RT (min) UV (nm) HI* (n/z) Error ppm (m/z) (Mol. Wt.) Ion Mode (%)
17 6-Hydroxyluteolin C15H19O7 149 277,335 303.0493 3.6 301.36 302 303.0492 (100.0), 1(6398(;132 (5.1),135.0431
18 Apigenin-O-glucoside C1HppO19 15.0 276, 333 433.1119 35 431.31 270 433.1119 (13.9), 271.0594 (100.0)
285.0760 (100.0), 271.0565 (17.2),
19 Carajurone C16H1305" 15.1 285.0761 0.7 285 270.0526 (94.5), 242.0574 (8.5), 168.0572
(12.3), 157.0652 (9.1), 144.0571 (9.0)
s 301.0701 (100.0), 287.0499 (13.6), 286.0465
20 Hispidulin C16 H1206 15.3 276, 327 301.0699 43 299.27 300 (98.7), 1680050 (14.3), 140.0100 (10.5)
7-O-Methylluteolin-O- 463.1229 (14.3), 301.0700 (100.0),
21 glucoside CooHy 011 15.5 279, 335 463.1229 24 461.24 300 286.0469 (49.3), 168.0049 (2.9)
2 Apigenin-O-glucuronide CyHigO1 155 268,330 447.0914 3.0 44530 270 447.0914 (21.4), 271;403)% (100.0), 153.0177
Scutellarein-O-(6"-O- 611.1381 (18.4), 287.0545 (100.0),
23 caffeoyl)-ghuicopyranoside Co7H30016 155 283,328 611.1380 34 609.29 286 163.0389 (11.1)
6-Hydroxyluteolin-O-(6” -O- 641.1488 (17.8), 303.0493 (100.0),
*
24 feruloyl)-glucopyranoside CpyHpg015 15.7 283, 330 641.1480 4.0 639.54 302 17,0540 (14.0)
7-O-Methylluteolin-O- } 477.1018 (40.2), 301.0701 (100.0),
% glucuronide C22H2001 15.9 477.1017 3.3 475.28 300 287.0538 (70.8), 286.0466 (58.2)
O-Acethyl-scutellarein-O-
* 26 ramnosylgalloyl C3,H30015 16.0 278, 335 655.1643 3.0 653.39 286 655.1646 (16.4), 287.0545 (100.0),
; 207.0649 (14.0)
3,5-dimethyl ether
27 Scutellarein Ci15Hyo Og 16.4 284,333 287.0543 42 285.16 286 287.0544 (100.0), 169.0129 (5.2)
Luteolin-O-(6"-feruloyl)- 625.1541 (15.4), 287.0544 (100.0),
28 elucopyranoside C31H5014 16.6 625.1536 34 623.36 286 177.0543 (11.2)
Luteolin-O-(6"-O-E-p- 595.1437 (15.0), 287.0545 (100.0),
29 coumaroyl)-glucopyranoside C30Ha6013 16.8 283, 328 595.1433 3.2 593.48 286 147.0435 (8.1)
Luteolin -O-(6"-acetyl)-
30 Co3Hp,01p 16.8 276,327 491.1173 32 491.36 286 491.1176 (15.1), 287.0545 (100.0)

glucopyranoside
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Table 1. Cont.

Molecular . HRMS [M + [M-H]" Aglycone Characteristic m/z of Ions in Positive
Compound Formula RT (min) UV (nm) HI* Gn/z)  DOTPPM (Mol. Wt Ton Mode (%)
Luteolin-O-(6"-O-E-p- 595.1435 (27.6), 287.0545 (100.0),
31 coumaroyl)-glucopyranoside Ca0H26013 17.7 283,332 595.1431 35 593.35 286 163.0392 (12,0), 147.0438 28.8)
315.0867 (100.0), 301.0670 (15.1),
32 3'-hydroxy-carajurin C17H;504" 17.9 315.0865 1.0 315 300.0633 (86.8), 186.0161 (28.7), 168.0057
(17.2), 140.0108 (10.1)
Luteolin-O-(6"-feruloyl)- 625.1539 (17.6), 339.1063 (12.5), 287.0544
33 elucopyranoside C31H8014 18.4 283,335 625.1536 34 623.40 286 (100.0), 177.0540 (20.9)
34 Luteolin C15H1004 18.5 270, 334 287.0543 4.2 285.16 286 287.0544 (100.0), 153.0179 (11.0)
Apigenin-O-(6"-feruloyl)- 609.1592 (20.4), 271.0596 (100.0),
35 *lucopyranoside C31Hs013 18.6 282, 330 609.1587 34 607.20 270 177,054 (35.6)
2 Apigenin-O-(6"-O-p- CaoHyeOrs 187 579 1479 20 577 60 270 579.1488 (16.9), 271.0595 (100.0), 147.0437
coumaroyl)-glucopyranoside (19.2)
37 Apigenin C15H19Os 193 275, 331 271.0595 4.0 269.22 270 271.0596 (100.0), 1?;"(3))179 (12.9), 119.0487
299.0918 (100.0), 285.0720 (19.6),
38 Carajurin Cy7H;505* 19.4 299.0916 1.0 299 284.0686 (82.7), 269.0455 (17.9), 241.0503
(13.3), 169.0136 (13.6)
. 301.0700 (100.0), 286.0465 (86.0),
39 7-O-Methylluteolin C16H1206 19.6 275, 332 301.0699 4.3 299.40 300 168.0049 (10.0)

* New compounds.
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Figure 1. RP-UPLC-DAD profile of ethanolic extract of A. chica leaves. Conditions: CHS130 100 RP-18
column (1.7 um, 50 x 3 mm i.d.). Elution was carried out with a linear gradient of water with 0.1%
formic acid and acetonitrile with 0.1% formic acid (from 5% to 95% of acetonitrile with 0.1% formic
acid in 11 min), and the UPLC fingerprints were registered on an ACQUITY (Waters) apparatus with
a UV-DAD detector (Waters 2996).
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Comp. 6: 6-Hydroxyluteolin-O-glucoside; Comp. 9: Scutellarein-O-rutinoside; Comp. 15: 3’-Hydroxy-carajurone; Comp. 23: Scutellarein-O-(6"-
O-caffeoyl)-glucopyranoside; Comp. 24: 6-Hydroxyluteolin-O-(6-O-feruloyl)-glucopyranoside; Comp. 26: O-acethyl-scutellarein-O-
ramnosylgalloyl 3,5-dimethyl ether; Comp. 27: Scutellarein; Comp. 34: Luteolin; Comp. 35: Apigenin

Figure 2. UV spectra (200-400 nm) of flavonoids present in the ethanolic extract of F. chica leaves.

Desoxyanthocyanidins are widely reported in extracts of this plant, imparting a red
color to the extract [1]. In the present study, four anthocyanidins were identified, present as
protonated species with [M + H]* m/z values of 301.0707, 285.0761, 315.0807 and 299.0918,
attributed to the anthocyanidins 3’-hydroxy-carajurone (15), carajurone (19), 3'-hydroxy-
carajurin (32) and carajurin (38), respectively. In the fragmentation analysis, losses due to
demethylation, decarboxylation and dehydration were observed. Furthermore, fragments
resulting from retro-Diels—Alder-type breaks were observed. Fragmentation data for each
compound are shown in Table 1 and Figure 3. These anthocyanidins have been previously
isolated from leaf extracts of this species [1,2].
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Figure 3. MS? spectra of desoxyanthocyanidins present in the ethanolic extract of F. chica leaves.

C-glycosyl flavones are characterized by the absence of the fragment referring to
aglycone flavone when subjected to MS? analysis by electrospray ionization. Compound 1
(Co7H30015) with m/z of 595.1646 [M + H]* present in the analyzed extract, was assigned
to a flavone of this class (Figure 4). In the MS? analysis, a fragment with m/z of 475 was
observed, related to a break in the sugar residue. This 120-unit mass loss is characteristic of
the presence of a hexose residue in the molecule, with C-C linkage between the aglycone
and the corresponding sugar residue [13]. Additionally, losses of HyO were observed,
which are also quite characteristic in this type of structure. After analyzing the data and
comparing it to the literature, the substance Vicenin II was suggested as the likely structure
for compound 1 [14]. This compound was isolated from the extract of leaves of this species
by Barbosa et al. [9], and C-glycosylflavones of similar structure have also been isolated
from other species of the Bignoniaceae family [15,16].

Inter;)s“,_ A OH OH
& 595.1646

61 Comp. 1 *

oH
4-
HO
2-
I 382.2113 l
o A - i . Ll . .
200 400 600 m/iz

|ntens4.;
104 B 595.1646
4 Comp. 1 ?
1.00-
] 325.0700
0.505 4574122
. T “ “h “m gl ] \ !
200 400 600 miz

Comp. 1: Vicenin

Figure 4. MS! (A) and MS? (B) spectra of C-glycosyl flavone present in the ethanolic extract of

F. chica leaves.
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The largest number of flavonoids identified in this study belongs to the group of
O-glycosylflavones and their respective aglycones, with a total of 20 compounds. This
group of substances can be divided into five subgroups, according to the aglycone that
makes up the main structure. In this work, compounds with aglycone molecular weights
of 270, 286, 300, 302 and 316 Da were detected.

In the group of flavonoids with an aglycone of 270 Da, apigenin (37, Figure 5) with
m/z 271.0596 [M + HJ* and its glycosides derivatives, compounds 16, 18, 22, 35 and 36,
were identified.

'":31'1;@: Comp. 35 In;e1rz}s£ Comp. 16
] 271059 ] 271.0594
] 1.5j
R ]
4 1.0:
. :
] 177.0543 e 0.5 Lo
1 1 4334115 *
¢ : ; : ' > 00 : : : — .
200 400 600  maz 50 400 600 miz
Intens. - Int 1
x105] Comp. 22 ”;’:)54’: Comp. 37
2710596 ] e
] °
51
1.0: 4
3]
0.5 447.0914 2]
< ]
P 11153.0179
oD : : r . 0
200 400 600 miz 290 400 600 miz

Comp. 16: Apigenin-O-rutinoside; Comp. 22: Apigenin-O-glucuronide; Comp. 35: Apigenin-O-(6"-feruloyl)-glucopyranoside; Comp. 37:

Apigenin

Figure 5. MS? spectra of flavone with apigenin-like aglycones present in the ethanolic extract of F.
chica leaves.

Compounds 16 (CoyH39014, Figure 5) and 36 (C39H26012) showed peaks at m/z values
of 579.1699 and 579.1479 [M + H]*, respectively. Despite these compounds having similar
molar masses, it was possible to differentiate them by their exact masses and also by
the retention time (Table 1). Furthermore, in the MS? analysis, compound 16 showed
a secondary peak with an m/z of 433 [M — 146], indicating the loss of a rhamnosyl-
type hexose residue. These data suggest that the glycosidic parts of the structures are
composed of glucose and rhamnose residues, called rutinoside. Compound 36 presented
a fragment with an m/z of 147 Da, which was attributed to the loss of a p-coumaric acid
residue. Thus, the flavones apigenin-O-rutinoside (16) and apigenin-O-(6"-O-p-coumaroyl)-
glucopyranoside (36) are present in the extract of this species. Compounds 18 (Cy1H0O19),
22 (Cy1H18011, Figure 5) and 35 (C31H3043, Figure 5) also had a base peak with an m/z
of 271. In the MS? analysis, losses of [M — 162], [M — 176] and [M — 338] were observed,
respectively. These results suggest that the losses correlate with glucose, glucuronic acid and
a dimer composed of glucose-ferulic acid residues, respectively. Therefore, compounds 18,
22 and 35 were assigned to the derivatives apigenin-O-glucoside, apigenin-O-glucorinide
and apigenin-O-(6"-feruloyl)-glucopyranoside. The presence of cinnamic acid residue
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contributes to justifying the longer retention time of compound 35 compared to compounds
18 and 22.

In the group whose aglycone has a mass of 286 Da, we have fourteen compounds. In
this group, we have compounds derived from the aglycones luteolin (3/,4’,5,7-
tetrahydroxyflavone) and scutellarein (4',5,6,7-tetrahydroxyflavone), which are position
isomers. Compounds 28 to 31, 33 and 34 were characterized as being luteolin and its
glycoside derivatives. Compounds 4, 9, 10, 12, 14, 23, 26 and 27 were characterized as
scutellarein and its glycoside derivatives.

In the characterization of compounds derived from scutellarein, it was possible to
identify scutellarein (27, C15H190O14, Figure 6) in the form of the aglycone [M + H]* with an
m/z of 287.0543. Six derivative glycosides were also identified. Compounds with an m/z
of 611.1380 (23, Cp7H3(014) in the MS? analysis yielded residues with m/z values of 287
and 163. The first derives from the aglycone, and the second was possibly formed from
the caffeoyl residue. Therefore, compound 23 (Figure 6) was identified as scutellarein-O-
(6”7-O-caffeoyl)-glucopyranoside. At retention times of 14.1 and 14.3 min, two compounds
with m/z values of 463.0860 and 463.0861 were identified. The results of MS? analysis
suggest that they are positional isomers. Aglycone residues [M — 176] were observed,
which suggests the loss of glucuronic acid residue. Thus, compounds 12 (C1H;301,) and
14 (C21H18013, Figure 6) were characterized as scutellarein-O-glucuronide, but it was not
possible to infer the position of the bond of the glucuronic acid residue.
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Intens. ] ]
<106] Comp. 14 ntens] Comp. 27
] ] 287.0544
287,0545 3 *
1.007 3
] 2.09
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Comp. 14: Scutellarein-O-glucuronide; Comp. 23: Scutellarein-O-(6"-O-caffeoyl)-glucopyranoside; Comp. 26: O-acethyl-scutellarein-O-
ramnosylgalloyl 3,5-dimethyl ether; Comp. 27: Scutellarein

Figure 6. MS? spectra of flavones with scutellarein-like aglycones present in the ethanolic extract of
F. chica leaves.

Compounds 4 (C21H18012), 9 (Co7H30045) and 10 (C21Hy9O11) showed protonated
species with m/z values of 463.0881, 595.1644 and 449.1068, respectively, in the first-order
analysis. In the MS? analysis of the three compounds, the fragment referring to an aglycone
with an m/z of 287 Da was observed, which suggests the loss of residues of glucuronic
acid [M — 176], of the glucose-thamnose dimer [M — 308] and of glucose [M — 162]. Thus,
it was possible to suggest that compounds 4, 9 and 10 are scutellarein-O-glucuronide,
scutellarein-O-rutinoside and scutellarein-O-glucoside, respectively. In this subgroup, a
flavone (26, C3,H39O15) was also detected that showed a peak of the protonated species
with an m/z of 655.1643. Despite the high molar mass compared to the other identified
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flavonoids, this compound eluted with a relatively high retention time, suggesting the
presence of low-polarity residues. In the MS? analysis, the aglycone residue with an m/z of
287 and a secondary residue with an m/z of 207 were observed (Figure 6). Data analysis
allowed us to suggest the structure of O-acetyl-scutellarein-O-ramnosylgalloyl 3,5-dimethyl
ether. In the library searches for similar chemical structures, flavonoids with this structure
were not found, suggesting that it is a new flavone.

Luteolin (34, C15H;0Og, Figure 7) and its derivatives, compounds 28, 29, 30, 31 and
33, were detected in the leaf extract of this species, and their structures were partially
characterized. All compounds presented, as a base peak, the aglycone residue with an m/z
of 287 [M + HJ* in the MS? analyses. In the first-order analyses, protonated species with
m/z values of 625.1536, 595.1433, 491.1173, 595.1431 and 625.1536 [M + H]" were observed
for compounds 28 (C31H35014), 29 (C30H26013), 30 (C23H22012, Figure 7), 31 (C30H26013,
Figure 7) and 33 (C31H3014, Figure 7), respectively. Thus, we have two pairs of isomers,
compounds 28 and 33 with an m/z of 625 [M + H]* and compounds 29 and 31 with an m/z
of 595. In the MS? analysis, losses of [M — 338] and [M — 308] occurred, and fragments
with m/z values of 177 and 147 were observed, suggesting the presence of ferulic and
coumaric acid residues, respectively. Ferulic acid residues were present in compounds 28
and 33, while coumaric acid residues occurred in compounds 29 and 31. Data analysis
suggests that the pairs of isomers correspond to the compounds Luteolin-O-(6"-feruloyl)-
glucopyranoside (28 and 33) and Luteolin-O-(6"-O-E-p-coumaroyl)-glucopyranoside (29
and 31). Compound 30, with an m/z of 491 Da [M + H]* and a base peak with an m/z of
287 Da, is compatible with the structure of luteolin-O-(6"-acetyl)-glucopyranoside.
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Comp. 30: Luteolin-O-(6"-acetyl)-glucopyranoside; Comp. 31: Luteolin-O-(6"-O-p-coumaroyl)-glucopyranoside; Comp. 33: Luteolin-O-(6"-feruloyl)-
glucopyranoside; Comp. 34: Luteolin

Figure 7. MS? spectra of flavones with luteolin-like aglycones present in the ethanolic extract of
F. chica leaves.

In the present study, flavones were detected with aglycones of 300 Da. The analysis
of the data obtained by LCMS allowed two groups to be suggested. One group consists
of hispidulin (20, C14H120g, Figure 8) and its glycosylated derivatives and the other of
7-O-methylluteolin (39, C14H1204, Figure 9) and derivatives.
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Figure 8. MS? spectra of flavones with hispidulin-like aglycones present in the ethanolic extract of
F. chica leaves.
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Comp. 21: 7-O-Methylluteolin-O-glucoside; Comp. 25: 7-O-Methylluteolin-O-glucuronide; Comp. 39: 7-O-Methylluteolin

Figure 9. MS? spectra of flavones with 7-O-methylluteolin-like aglycones present in the ethanolic
extract of F. chica leaves.

Compounds 5 and 7 showed protonated species with m/z values of 463.1227 and
477.1019. In the MS? analysis, both compounds showed a base peak with an m/z of 301,
indicating losses of [M — 162] and [M — 176], respectively. These data suggested the
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presence of glucose and glucuronic acid residues in the structure of these compounds. As
secondary fragments, peaks with an m/z of 286 were observed, suggesting the loss of a
methyl group from the aglycone. In this way, compounds 5 and 7 were characterized as
being hispidulin-O-glucoside (5) and hispidulin-O-glucuronide (7).

Compounds 21 and 25 are isomers of compounds 5 and 7, respectively. However,
they were eluted at longer retention times. These data allow us to suggest structural
differences that give compounds 21 and 25 less polarity. In the first-order analysis, they
presented m/z values of 463.1229 and 477.1017 [M + HJ*, and in the fragmentation analysis
fragments were observed suggesting the presence of glucose and glucuronic acid residues.
These compounds were partially characterized as 7-O-methylluteolin-O-glucoside (21) and
7-O-methylluteolin-O-glucuronide (25).

In the group of compounds with a molar mass of 302 Da, five compounds were
detected. Compound 17 (C15H;¢Oy7, Figure 10) was characterized as 6-hydroxyluteolin. In
the MS! analysis, a peak with an m/z of 303.0493 was observed, attributed to the protonated
species. In the MS? analysis, fragments were observed that corroborate this proposal. Four
glycosylated derivatives were also characterized. The data obtained for compounds 8
(C21H18013, Figure 10) and 13 (Cp1H13013) suggest that these compounds are positional
isomers. Peaks with m/z values of 479.0811 and 479.0809 were observed for compounds
8 and 13. In the MS? analysis, fragments with an m/z of 303 were observed as a base
peak, suggesting the loss of a glucuronic acid residue [M — 176]. Therefore, compounds
8 and 13 were characterized as being two 6-hydroxyluteolin-O-glucuronide derivatives.
Two other compounds, 6 (m/z: 465.1019, Cy1Hy9O1;, Figure 10) and 24 (m/z: 641.1480,
Cy7H3011, Figure 10), presented a base peak in the MS? analysis with an m/z of 303.
As a secondary fragment of compound 24, a peak with an m/z of 177 was observed,
suggesting the presence of a ferulic acid residue. Data analysis allowed the characterization
of compounds 6 and 24 as 6-hydroxyluteolin-O-glucoside and 6-hydroxyluteolin-O-(6-O-
feruloyl)-glucopyranoside, respectively.
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Hydroxyluteolin-O-(“6-O-feruloyl)-glucopyranoside

Figure 10. MS? spectra of flavones with 6-hydroxyluteolin-like aglycones present in the ethanolic
extract of F. chica leaves.



Molecules 2022, 27, 6043

13 of 21

In the group of high-polarity flavonoids detected in the extract are the 6-Methoxyluteolin
derivatives (11, C14H;207, Figure 11) represented by compounds 2 (CopH3,012, Figure 11)
and 3 (CyHy0Oq3, Figure 11). In the first-order analyses, protonated species with m/z
values of 479.1173 and 493.0962 were detected. In the fragmentation analysis, a base
peak with an m/z of 317 was observed, corresponding to a loss of M-162 for compound 2
and M-176 for compound 3. For both compounds, a secondary fragment with an m/z of
302 was observed, suggesting the loss of a methyl in both compounds. The data obtained
allow us to suggest that they are the flavonoids 6-methoxyluteolin-O-glucoside (2) and
6-methoxyluteolin-O-glucuronide (3).
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Comp. 2: 6-Methoxyluteolin-O-glucoside; Comp. 3: 6-Methoxyluteolin-O-glucuronide; Comp. 11: 6-Methoxyluteolin

Figure 11. MS? spectra of flavones with methoxy luteolin-like aglycones present in the ethanolic
extract of F. chica leaves.

Of the thirty-nine compounds characterized, thirty-seven had molar masses and spec-
tral data compatible with known substances. The anthocyanidins present in the studied ex-
tract have already been reported in extracts of this species in previous studies [1,2]. Vicenin II,
apigenin and luteolin are flavones that have also been isolated from the species [3,4]. Siraichi
et al., employing LC-ESI-MS/MS analysis, identified the presence of 6-hydroxyluteolin,
hispidulin and scutellarein in the ethanol-water extract of leaves of this species [17]. The
other flavonoids characterized here are being reported for the first time in this species.
Compounds 24 and 26 are possibly new substances and need isolation to confirm their
structures. The data obtained in this work only suggest that they are derived from luteolin
and scutellarein.

2.2. Quantification of Flavonoids

Flavonoids are polyphenolic compounds commonly found in extracts of this species [3].
Literature data suggest that these compounds are responsible for the biological activities
described for extracts of this plant species [18]. Quantification of total flavonoids was
performed by UV spectrometry. In these analyses, AlCl; was used as an agent to promote
the bathochromic shift. The aluminum cation forms stable complexes with the flavonoids
present in the sample, promoting an increase in UV absorption. In the samples in this
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study, the average concentration of total flavonoids present in the leaves of F. chica was
4.09 & 0.34 mg/g of dry plant material.

2.3. Characterization by NMR

To contribute to the characterization performed by HRMS, analyses were performed
using NMR (H! and HSQC). In the H! spectrum (Figure 12), chemical shift signals (5)
between 12.7 and 13.0 ppm were observed, attributed to hydrogens attached to chelate
hydroxyl groups, common in oxygenated flavonoids at position 5. Signals () between 8.5
and 10.5 ppm were attributed to hydrogens present in ortho dihydroxy systems that are
present in luteolin-like and scutellarein-like flavonoids. Signals () between 6.5 and 7.8 ppm
can also be observed in this spectrum, which were attributed to hydrogens present in
aromatic systems. In the lower part of the spectrum (3.5 to 4.0 ppm), signals (6) compatible
with hydrogens present in sugar residues were observed.
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Figure 12. HSCQ contour map of flavonoids present in the ethanolic extract of F. chica leaves (‘\H
NMR—400 Hz, 13C NMR—100 Hz, DMSO-ds6, ).

In the HSQC experiment (Figure 13), it was possible to determine, through heteronu-
clear coupling (*]cp), the presence of hydrogenated carbons at 129.0 ppm and 115.0 ppm,
compatible with a para-disubstituted aromatic system (typical AA’'BB’ system) present in
apigenin-like and scutellarein-like flavonoids. In addition, it was possible to observe signals
(8) of hydrogenated carbon at approximately 94.0 ppm, which are common in unsubstituted
C-8 flavones. Additionally, signals (6) were observed at approximately 101.0 ppm, which
can be attributed to anomeric carbons present in sugar residues, and at 104.0 ppm, related
to non-oxygenated carbons in the 3-position of flavones. The spectral data obtained by
NMR analyses corroborates the findings in the LCMS analyses.
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Figure 13. HSCQ contour map of flavonoids present in the ethanolic extract of F. chica leaves ('H

NMR—400 Hz, DMSO-d6, 5).

2.4. Cytotoxic Effect and Antiviral Activity

The cytotoxic effect of the ethanol extract was evaluated in Vero, LLC-MK2 and MRC-5
cell cultures. The CCsg, values for each cell line are described in Table 2. The extract showed
low cytotoxicity, with CCsy values > 296.7 ug/mL. Previous studies have already reported
low toxicity for extracts of this species [5]. The extract showed antiviral activity against
DENV 2, MAYV and ZIKYV, with ECsj values ranging from 30.1 to 40.9 ug/mL (Figure 14).
The best result was obtained against MAYV, with an ECsg of 30.1 pg/mL and an IS of >13.3.
The antiviral activity of this species against Herpes simplex virus type 1 and Vaccinia virus

has already been reported by Brandao et al. [5].

Table 2. Cytotoxic activity (CCsg) and evaluation of antiviral activity (ECsg) against DENV 2, ZIKV,
CHIKYV and MAYYV, in Vero cell line, with respective standard deviations (n = 3) and selectivity
indexes (SI), for F. chica extract, performed by MTT colorimetric assay.

Extract MRC-5 LLCMK, VERO ZIKV CHIKV MAYV DENV 2
CCsp ug CCsp ug CGCso g CEso ng IS CEsp ug 1S CEs5o ng IS CEsoug IS

Compound mL-1 mL-1 mL-1 mL-1 mL-1 mL-1 mL-1

Fl;:izcgs_ 296.7 + 1.4 370.2 £10.7 >400 409 +23 >9.8 NA - 30.1 £2.0 >13.3 39.6 £ 1.1 9.3

Ribavirin 3704+ 1.2 94.47 £2.70 2921+ 14

(positive NT NT (1516.7 £ (386.84 + 39 NA - (119.61 + 12.7 NT -

control) 1.2 uM) 2.70 uM) 1.39 uM)
Amantadin 849+12 63.37 £1.70

(positive NT NT (5613 + 1.2 NT - (419.0+£ 1.7 1.34 NT - NT -

control) uM) uM)
Interferon o

(positive NT NT NT NT - NT - NT - ab 25 % 10° -

control)

Note: NA: not active; SI (selectivity index): CCsg (vero)/ ECs0 (Vero); —
inhibition of cytopathic effect; ®: Ul/mL concentration.

not determinate; NT: not tested; 2: 80 to 100%
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Figure 14. Dose-response curves for antiviral activity of ethanolic extract from Fridericia chica leaves
against Dengue (DENV-2), Zika (ZIKV), Mayaro (MAYV) and Chikungunya (CHIKV) viruses.

In addition to the reported antiviral activities, publications have recently shown that
F. chica is a source of compounds with antiparasitic activity, which once again shows
the importance of research with extracts of this species [18,19]. Furthermore, flavonoid
compounds present in large amounts in extracts of this species have been shown to be
potent inhibitors of the viral replication cycle [20-23].

3. Methods and Materials
3.1. Plant Material and Chemicals

The F. chica samples were collected in Caratinga, state of Minas Gerais, Brazil. The
species was identified by Dr. J. A. Lombardi, Department of Botany, Institute of Biosciences,
UNESP, Rio Claro, Brazil. A voucher specimen was deposited in the BHCB/UFMG, Belo
Horizonte, Minas Gerais, Brazil, under the number 23859.

3.2. Extract Preparation

The leaves (69.0 g) were dried in a ventilated oven at 40 °C for 72 h, ground and
exhaustively extracted by percolation with ethanol at room temperature for 48 h each time.
A crude dark-green ethanol extract residue (EEFCL, 13.6 g) was obtained in a rotatory
evaporator under reduced pressure at 50 °C. The ethanolic extract was subjected to antiviral
activity tests.

3.3. Liquid Chromatography—Mass Spectrometry in Series (LC-DAD-ESI-MS)

Ethanolic extract from F. chica leaves was dissolved in methanol and filtered through
a 0.2 um microfilter. LC-DAD-MS analyses were performed using an ACQUITY UHPLC
system (Waters) coupled to UV-DAD and an ion trap mass spectrometer [9]. Chromato-
graphic separation was performed using an ACQUITY UHPLC HSS RP-18 column (1.7 pm,
50 x 2mm i.d.) (Waters). The mobile phase consisted of water with 0.1% formic acid
(solvent A) and acetonitrile with 0.1% formic acid (solvent B). The elution protocol was a
0-11 min linear gradient from 5% to 95% B. The flow rate was 0.3 mL min~1, and the sample
injection volume was 4.0 puL. The UV spectra were registered from 190 to 400 nm. lon trap
mass spectrometer analyses were performed using the following conditions: positive and
negative ion mode; capillary voltage, 3500 V; capillary temperature, 320 °C; source voltage,
5 kV; vaporizer temperature, 320 °C; corona needle current, 5 mA; sheath gas, nitrogen,
27 psi. Analyses were conducted in full scan mode (100-1500 Da) [9].

3.4. High-Resolution Mass Spectrometry Analyses

UHPLC-HRMS/MS analyses were performed on a Nexera UHPLC system (Shi-
madzu, Kyoto, Japan) combined with a maXis high-resolution ESI-QTOF mass spectrometer
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(Bruker, Billerica, MA, USA) controlled by the Compass 1.7 software package (Bruker). A
5 pg sample was injected into a Shimadzu Shim-Pack XR-ODS-III column (C18, 2.2 um,
2.0 x 150 mm) at 40 °C, with a flow rate of 400 uL/min. The mobile phases A and B (0.1%
formic acid in MilliQ) water and acetonitrile, respectively) formed an eluent gradient from
an initial 5 min of 5%B to 100% B in 40 min, with a hold at 100% B for 5 min. After UV-PDA
detection (190450 nm), mass spectra were acquired in positive mode at a rate of 5 Hz.
Ion-source parameters were set to 500 V end-plate offset, 4500 V capillary voltage, 3.0 bar
nebulizer pressure and 8 L/min and 200 °C dry gas flow and temperature, respectively.
Data-dependent fragment spectra were recorded using a collision energy range between 15
and 60 eV. Ion cooler settings were optimized for an m/z 100-1500 range, using a calibrant
solution of 1 mM sodium formate in 50% 2-propanol. Mass calibration was achieved by
initial ion-source infusion of 20 uL calibrant solution and post-acquisition recalibration of
the raw data. Compound detection was achieved by chromatographic peak dissection with
subsequent formula determination according to the exact mass and isotope pattern (MS!).
Putative identification was based on comparison of compound fragment spectra (MS?) with
reference spectra from an in-house database of standard compounds (FIOCRUZ-Minas),
the public spectrum database MassBank and in-silico fragment spectra generated from the
Universal Natural Product Database [24,25].

3.5. Quantitative Flavonoids Analysis

The measurements were carried out using a UV-M51 spectrophotometer (Bel, Suresnes,
France), with a quartz cuvette with a 10 mm optical path (Sigma, St. Louis, MO, USA),
heating mantle (Fisatom, Sao Paulo, Brazil) and industrial mill (Manesco & Ranieri). An
analytical balance and glassware were used for all parameters. The content of flavonoids
calculated as quercetin in the plant samples was determined by the method of the Brazilian
Pharmacopoeia [26].

For the hydrolysis of flavonoids, 100 mg of F. chica leaves extract was weighed and
transferred to a 50 mL round-bottom flask. Then, 1 mL of 0.5% (w/v) aqueous methenamine
solution, 20 mL of acetone and 2 mL of concentrated chloric acid were added. The mixture
was heated under reflux for 30 min. After refluxing, the mixture was left at room tempera-
ture for 30 min. The mixture was then filtered into a 50 mL volumetric flask. The residue
was washed with 20 mL of acetone. Then, the flask was made up to the required volume
with acetone [26]. Analyses were performed in triplicate.

Aliquots (1.0 mL) of the solution from each triplicate were transferred to 25 mL
volumetric flasks. Then, 0.6 mL of glacial acetic acid, 10 mL of 20% methanolic pyridine
solution and 2.5 mL of a 5% methanolic solution of AlCl3 were added to each flask. The
contents of each flask were made up to the required volume with distilled water. The
triplicates were kept protected from light at room temperature for a period of 30 min. The
analyses were performed in a spectrophotometer at 420 nm, using quartz cuvettes with an
optical path of 10 mm [26,27].

3.6. NMR Spectroscopy

The 'H NMR spectra and the two-dimensional HSQC contour maps were obtained
in the Multi-user Molecule Characterization Laboratory at the Pharmacy School (UFOP)
in Ouro Preto, Brazil. Bruker Ascend™ 400 equipment was used to obtain the spectra.
The chemical shifts are given as § (ppm). A portion of EEFCL (100.0 mg) was dissolved in
MeOH/H,O (6:4) solution and sequentially partitioned with ethyl acetate. The fraction
in ethyl acetate was dried on a rotary evaporator and transferred to amber vials. For the
NMR analysis, 30 mg of the fraction in ethyl acetate was solubilized in DMSQ 4.

The 'H-NMR spectra were acquired at 400-MHz and a temperature of 298 K, with
an Ascend 400 spectrometer (Bruker®) using a broadband observation (BBO) probe. The
spectra were recorded using a presaturation pulse sequence with a composite pulse (Bruker
zgcppr) for water suppression [28]. A total of 128 transients were collected into 64 K data
points, with a relaxation delay of 1 s. A spectral width of 8012.82 Hz and an acquisition
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time per scan of 4.09 s were used. An exponential line-broadening function of 0.3 Hz was
applied to the free induction decay (FID) prior to Fourier transformation (FT).

3.7. Cell Culture and Virus

Vero cells (kidney cells from African green monkey Cercopthecus aeothiops, ATCC
CCL-81 ™ Manassas, VA, USA), LLC-MK2 cells (kidney cells from Macaca mulatta, mon-
key, rhesus, ATCC CCL-7™) and MRC-5 cells (fibroblast cells from lung, human, ATCC
CCL-171™) were cultured in Dulbecco’s modified Eagle’s medium (DMEM) at 37 °C,
in a 5% CO, atmosphere, supplemented with 5% fetal bovine serum (FBS), 100 U/mL
penicillin/streptomycin and 5 pg/mL amphotericin B. Zika, Chikungunya and Mayaro
viruses were kindly donated by Dra. E. Kroon (UFMG, Belo Horizonte, Brazil), Dr. E.
Arruda Neto (UNIFESP, Sao Paulo, Brazil) and Dr. M. Nogueira (FARMEP, Sao Paulo,
Brazil), respectively. The virus titers were 6.8 x 10° PFU/mL, 1.44 x 10! PFU/mL and
2.5 x 108 PFU/mL for ZIKV, CHIKV and MAYYV, respectively [9,10,29].

3.8. Cytotoxicity Assay

A portion of the ethanolic extract (10.0 mg) was dissolved in 1.0 mL of dimethyl
sulfoxide (DMSO). This solution was used in the cytotoxicity assays, where Vero, LLC-MK2
and MRC-5 cell monolayers were trypsinized, washed with culture medium and plated in
a 96-well flat-bottomed plate with 2.0 x 10* cells per well. After 24 h of incubation, aliquots
(8.0 uL) of the solution containing the extract were diluted in culture medium (DMEM,
1% FBS) at concentrations ranging from 400 to 0.78 pg/mL. An aliquot of 200 pL of each
dilution was transferred to the wells containing the cell monolayer, and the plates were
incubated for 48 h and 72 h for MRC-5 and Vero cells, respectively, at 37 °C in a humidified
incubator with 5% CO,. The supernatants were removed from the wells, and 28 uL of
MTT (solution 1 mg/mL in PBS, Merck®, Kenilworth, NJ, USA) was added to each well.
The plates were incubated for 1.5 h at 37 °C, and DMSO (130 pL, Merck®, Kenilworth, NJ,
USA) was added to the wells to dissolve the formazan crystals. The plates were placed on a
shaker for 15 min, and the optical density was determined at 492 nm (OD49,) on a multiwell
spectrophotometer (Victor ™ x3, Perkin Elmer®, Waltham, MA, USA). The results were
obtained from four replicates, with at least four concentrations of each sample. Cytotoxicity
was calculated using the equation (A — B)/A x 100, where A and B are the ODy9, values
of untreated and treated cells, respectively. The 50% cytotoxic concentration (CCs) of the
assayed samples is defined as the concentration that reduces the ODyg;, value of treated
uninfected cells to 50% of that of untreated uninfected cells [9,10,29,30].

3.9. Antiviral Assays

The Vero cell monolayer (2.0 x 10* cells per well) was infected by viral suspensions
with titers of 1.0 x 103 TCIDsp/mL, 1.0 x 107 TCIDso/mL and 1.0 x 10° TCID5/mL for
ZIKV, CHIKV and MAYYV, respectively [9,10,29].

The antiviral activity of the extract was evaluated using an MTT colorimetric
assay [9,29,30]. Vero cell monolayers were grown in 96-well microtiter plates. Dilutions of
the extracts and compounds in non-cytotoxic concentrations (100.0 to 0.78 ug/mL) were
added to the wells simultaneously with the viral infection. The plates were incubated
at 37 °C in a humidified 5% CO, atmosphere for a period of 72 h. Controls consisted of
untreated infected, treated non-infected and untreated non-infected cells. Positive con-
trols (ribavirin, PanVel® (200.0 to 1.5 pug/mL) (Rio Grande do Sul, Brazil), amantadine,
Eurofarma® (100.0 to 0.78 ug/mL) (Sao Paulo, Brazil) and «-2a interferon, Bergamo, Brazil
(4.0 x 10* to 3.0 x 102 UI/mL)) were also employed in each assay. In all experiments,
toxicity control was performed (cells treated with the extract and not infected with virus).
Cell viability was evaluated by the MTT colorimetric method, as described above for the
cytotoxicity assay [9,29].

The 50% cytotoxic concentration (CCsp) of the assayed samples is defined as the
concentration that reduces the ODy4g, value of treated uninfected cells to 50% of that of
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untreated uninfected cells. The 50% antiviral effective concentration (ECs) is expressed as
the concentration that achieves 50% protection of treated infected cells from virus cytopathic
effect. The percentage of protection is estimated by equation [(A — B)/(C — B)] x 100,
where A, B and C are the ODyg, values of treated infected, untreated infected and untreated
uninfected cells, respectively [9,10,29,30].

The CCsp and ECs( values for each sample were obtained from dose—effect curves.
The CCs and ECs values are the averages of four assays carried out with eight different
concentrations within the inhibitory range of the samples for Vero cells. The therapeutic
index (i.e., selective index, SI) is defined as CCs(/ECsg [31].

3.10. Statistical Analyses

Statistical calculations for the cytotoxic and antiviral MTT assays were performed
with the GraphPad Prism 5.0 software package (Statistica). Results are expressed as the
mean =+ SD of three independent experiments. Student’s t-test was used for the statistical
analyses; p-values > 0.05 were considered to be significant.

4. Conclusions

The leaves of F. chica are rich in flavonoids, with 4.09 = 0.34 mg/g of dry plant material.
Thirty-nine flavonoids were identified in the ethanolic extract in this study, highlighting the
group of anthocyanidins widely described in the species and a series of flavones and their
glycosides that are being reported for the first time in the species. The ethanolic extract
of the leaves proved to be a potential source of antiviral compounds. Inhibition of the
multiplication cycle of DENV 2, MAYV and ZIKV viruses was observed in in vitro assays.
Flavonoids have a wide range of biological activities and may contribute to the observed
antiviral activity.

Author Contributions: A.F.G.d.C. and J.A.C.S. conducted the entire phytochemical study. A.C.C.R,,
B.d.M.S. and C.L.d.B.M. contributed to the biological assays. L.B.A.V. contributed to the antiviral
assays. M.K. and A.B.d.O. contributed with the LC-MS analyzes and orthographic corrections of the
main text. G.C.B. contributed to the phytochemical study including the UPCL-DAD-MS analyzes in
the biological assays. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the FAPEMIG (Fundagao de Amparo a Pesquisa do Estado
de Minas Gerais, Brazil), process number: CDS—APQ-00970-21 providing research resources for
acquisition of materials and equipment.; PROPPI-UFOP (Pré-Reitoria de Pesquisa, Pés-Graduagao e
Inovacao da UFOP), process numbers N.: 18/2022 providing fund for the APC fee; CAPES (Coorde-
nacao de Aperfeigoamento de Pessoal de Ensino Superior, Brazil) and CNPq (Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico, Brazil) providing scholarships.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: This work was supported by the FAPEMIG (Fundacao de Amparo a Pesquisa
do Estado de Minas Gerais, Brazil), process number: CDS—APQ-00970-21; PROPP-UFOP (Pro-
Reitoria de Pesquisa e Pés-Graduagao da UFOP), process numbers N.: 23109.000928 /2020-33 and
N.: 18/2022; CAPES (Coordenacao de Aperfeicoamento de Pessoal de Ensino Superior, Brazil) and
CNPq (Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico, Brazil). The authors would
like to thank the Laboratério Multiusuario de Caracterizagao de Moléculas (LMCM) for providing
NMR data. The authors are grateful for the support of the Federal University of Ouro Preto (UFOP)
and the Coordination for the Improvement of Higher Education Personnel (CAPES) via EDITAL
PROPPI/UFOP No. 18/2022.

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

Sample Availability: Sample of the compounds are not available from authors.



Molecules 2022, 27, 6043 20 of 21

References

1. Chapman, E.; Perkin, A.G.; Robinson, R. The colouring matters of carajura. . Chem. Soc. 1927, 49, 3015-3040. [CrossRef]

2. Zorn, B.; Garcia-Pifieres, A.J.; Castro, V.; Murillo, R.; Mora, G.; Merfort, 1. 3-Desoxyanthocyanidins from Arrabidaea chica.
Phytochemistry 2001, 56, 831-835. [CrossRef]

3. Takemura, O.S.; linuma, M.; Hideki Tosa, H.; Miguel, O.G.; Eduardo, A.; Moreira, E.A.; Nozawa, Y. A flavone from leaves of
Arrabidaea chica f. cuprea. Phytochemistry 1995, 38, 1299-1300. [CrossRef]

4. Barbosa, W.L.R,; Pinto, L.N.; Quignard, E.; Vieira, ].M.V,; Silva, ].O.C,, Jr.; Albuquerque, S. Arrabidaea chica (HBK) Verlot:
Phytochemical approach, antifungal and trypanocidal activities. Braz. J. Pharmacogn. 2008, 18, 544-548. [CrossRef]

5. Brandao, G.C.; Kroon, E.G.; Santos, ].R.; Oliveira, A.B. Antiviral activities of plants occurring in the state of Minas Gerais, Brazil.
Part 2 Screening Bignoniaceae species Braz. Braz. |. Pharmacogn. 2010, 20, 742-750. [CrossRef]

6.  Cuyckens, E; Claeys, M. Mass spectrometry in the structural analysis of flavonoids. Rapid Commun. Mass Spectrom. 2004, 39, 1-15.
[CrossRef] [PubMed]

7. Lee, ].S,; Kim, D.H.; Liu, KH.; Oh, TK,; Lee, C.L. Identification of flavonoids using liquid chromatography with electrospray
ionization and ion trap tandem mass spectrometry with an MS/MS library. Rapid Commun. Mass Spectrom. 2005, 19, 3539-3548.
[CrossRef]

8. Quintao, FJ.O.; Brandao, G.C; Silva, 5.Q.; Aquino, S.F; Afonso, R.J.C.F. High Resolution Mass Spectrometry elucidation of
captopril’s Ozonation and chlorination by-products. Am. |. Anal. Chem. 2017, 8, 264-279. [CrossRef]

9. Reis, A.C.C; Silva, B.M.; Moura, H.M.; Pereira, G.R.; Brandao, G.C. Anti-Zika virus activity and chemical characterization by
ultra-high-performance liquid chromatography (UPLC-DAD-UV-MS) of ethanol extracts in Tecoma species. BMC Complement.
Med. Ther. 2020, 20, 246. [CrossRef]

10. Reis, A.C.C.; Valente, G.M.; Silva, B.M.; Magalhaes, C.L.B.; Kohlhoff, M.; Brandao, G.C. Anti-arboviral activity and chemical
characterization of hispidulin and ethanolic extracts from Millingtonia hortensis Lf and Oroxylum indicum (L.) Kurz (Bignoniaceae).
Nat. Prod. Res. 2022, 1-5. [CrossRef]

11.  Gontijo, D.C.; Brandao, G.C.; Gontijo, P.C.; Oliveira ABDiaz, M.A.N.; Fietto, EG.; Leite, J.P.V. Identification of phenolic compounds
and biologically related activities from Ocotea odorifera aqueous extract leaves. Food Chem. 2017, 230, 618-626. [CrossRef] [PubMed]

12.  Gontijo, D.C.; Brandao, G.C.; Nascimento, M.F.A ; Oliveira, A.B. Antiplasmodial activity and cytotoxicity, isolation of active
alkaloids, and dereplication of Xylopia sericea leaves ethanol extract by UPLC-DAD-ESI-MS/MS. J. Pharm. Pharmacol. 2019, 71,
260-269. [CrossRef] [PubMed]

13.  Gattuso, G.; Caristi, C.; Gargiulli, C.; Bellocco, E.; Toscano, G.; Leuzzi, U. Flavonoid Glycosides in Bergamot Juice (Citrus bergamia
Risso). J. Agric. Food Chem. 2006, 54, 3929-3935. [CrossRef] [PubMed]

14. Elhawary, S.S.; Younis, L.Y.; El Bishbishy, M.H.; Khattab, A.R. LC-MS/MS-based chemometric analysis of phytochemical diversity
in 13 Ficus spp. (Moraceae): Correlation to their In Vitro antimicrobial and in silico quorum sensing inhibitory activities. Ind.
Crops Prod. 2018, 126, 261-271. [CrossRef]

15.  Aboutabl, E.A.; Hashem, F.A.; Sleem, A.A.; Maamoon, A.A. Flavonoids, anti-inflammatory activity and cytotoxicity of Macfadyena
unguis-cati L. Afr. |. Tradit. Complement. Altern. Med. 2008, 5, 18-26. [CrossRef]

16. Arevalo, C,; Ruiz, I.; Anna Lisa Piccinelli, A.L.; Campone, L.; Rastrelli, L. Phenolic derivatives from the leaves of Martinella obovate
(Bignoniaceae). Nat. Prod. Commun. 2011, 6, 957-960.

17.  Siraichil, ].T.G.; Felipe, D.E; Brambilla, L.Z.S.; Gatto, M.].; Terra, V.A.; Cecchini, A.L.; Cortez, L.E.R.; Rodrigues-Filho, E.; Cortez,
D.A. Antioxidant capacity of the leaf extract obtained from Arrabidaea chica cultivated in Southern Brazil. PLoS ONE 2013, §,
€72733. [CrossRef] [PubMed]

18. Silva, J.V.S,; Tellis, C.J.M.; Chagas, M.S.S.; Souza, PV.R,; Souza, C.S.F; Hardoim, D.J.; Taniwaki, N.N.; Moreira, D.L.; Behrens,
M.D.; Calabrese, K.S.; et al. Antileishmanial activity of flavones rich fraction from Arrabidaea chica Verlot (Bignoniaceae). Front.
Pharmacol. 2021, 12, 703985. [CrossRef]

19. Silva, J.V.S; Tellis, C.J.M.; Chagas, M.S.S.; Souza, P.V.R.; Moreira, D.L.; Souza, C.S.F; Teixeira, K.F.,; Souza, FA.; Cenci, AR;;
Oliveira, A.S.; et al. Carajurin: A anthocyanidin from Arrabidaea chica as a potential biological marker of antileishmanial activity.
Biomed. Pharmacother. 2021, 141, 111910. [CrossRef]

20. Badshah, S.L.; Faisal, S.; Muhammad, A.; Poulson, B.G.; Emwas, A.H.; Jaremko, M. Antiviral activities of flavonoids. Biomed.
Pharmacother. 2021, 140, 111596. [CrossRef]

21. Lin Wang, L.; Song, J.; Liu, A.; Xiao, B.; Li, S.; Wen, Z; Lu, Y.; Du, G. Research progress of the antiviral bioactivities of natural
flavonoids. Nat. Prod. Bioprospect. 2020, 10, 271-283. [CrossRef] [PubMed]

22. Ninfali, P; Antonelli, A.; Magnani, M.; Scarpa, E.S. Antiviral properties of flavonoids and delivery strategies. Nutrients 2020, 12,
2534. [CrossRef] [PubMed]

23. Lalani, S.; Poh, C.L. Flavonoids as antiviral agents for Enterovirus A71 (EV-A71). Viruses 2020, 12, 184. [CrossRef] [PubMed]

24. Horai, H.; Arita, M.; Kanaya, S.; Nihei, Y.; Ikeda, T.; Suwa, K.; Ojima, Y.; Kenichi, T.; Satoshi, T.; Ken, A.; et al. MassBank: A public
repository for sharing mass spectral data for life sciences. J. Mass Spectrom. 2010, 45, 703-714. [CrossRef]

25.  Allard, PM.; Péresse, T.; Bisson, ].; Gindro, K.; Marcourt, L.; Pham, V.C.; Roussi, F; Litaudon, M.; Wolfender, ].L. Integration of

Molecular Networking and In-Silico MS/MS Fragmentation for Natural Products Dereplication. Anal. Chem. 2016, 88, 3317-3323.
[CrossRef]


http://doi.org/10.1039/JR9270003015
http://doi.org/10.1016/S0031-9422(01)00038-3
http://doi.org/10.1016/0031-9422(94)00786-S
http://doi.org/10.1590/S0102-695X2008000400008
http://doi.org/10.1590/S0102-695X2010005000035
http://doi.org/10.1002/jms.585
http://www.ncbi.nlm.nih.gov/pubmed/14760608
http://doi.org/10.1002/rcm.2230
http://doi.org/10.4236/ajac.2017.84020
http://doi.org/10.1186/s12906-020-03040-0
http://doi.org/10.1080/14786419.2021.2017928
http://doi.org/10.1016/j.foodchem.2017.03.087
http://www.ncbi.nlm.nih.gov/pubmed/28407959
http://doi.org/10.1111/jphp.13029
http://www.ncbi.nlm.nih.gov/pubmed/30303245
http://doi.org/10.1021/jf060348z
http://www.ncbi.nlm.nih.gov/pubmed/16719517
http://doi.org/10.1016/j.indcrop.2018.10.017
http://doi.org/10.4314/ajtcam.v5i1.31251
http://doi.org/10.1371/journal.pone.0072733
http://www.ncbi.nlm.nih.gov/pubmed/24009700
http://doi.org/10.3389/fphar.2021.703985
http://doi.org/10.1016/j.biopha.2021.111910
http://doi.org/10.1016/j.biopha.2021.111596
http://doi.org/10.1007/s13659-020-00257-x
http://www.ncbi.nlm.nih.gov/pubmed/32948973
http://doi.org/10.3390/nu12092534
http://www.ncbi.nlm.nih.gov/pubmed/32825564
http://doi.org/10.3390/v12020184
http://www.ncbi.nlm.nih.gov/pubmed/32041232
http://doi.org/10.1002/jms.1777
http://doi.org/10.1021/acs.analchem.5b04804

Molecules 2022, 27, 6043 21 of 21

26.

27.

28.

29.

30.

31.

ANVISA. Formulario de Fitoterapicos da Farmacopeia Brasileira. Agéncia Nacional de Vigildncia Sanitaria: Brasilia, Brazil, 2010;
Volume 2, pp. 714-716.

Peixoto Sobrinho, T.J.S.; Silva, C.H.T.P.; Nascimento, J.E.; Monteiro, ].M.; Albuquerque, U.P.; Amorim, E.L.C. Validagao de
metodologia espectrofotométrica para quantificagao dos flavonoides de Bauhinia cheilantha (Bongard) Steudel. Braz. |. Pharm. Sci.
2008, 44, 683—-689. [CrossRef]

Parella, T. Pulse Program Catalogue: 1. 1D & 2D NMR Experiments 2008; Bruker Biospin: Barcelona, Spain, 2006; pp. 42—45.

Reis, A.C.C.; Moura, H.M,; Silva, B.M.; Oliveira, A.B.; Brandao, G.C. Antiviral activity and chemical characterization of Cissus
erosa (Vitaceae) ethanol extracts. Rodriguésia 2020, 71, 37-40. [CrossRef]

Brandao, G.C.; Kroon, E.G.; Souza Filho, J.D.; Oliveira, A.B. Antiviral activity of Fridericia formosa (Bureau) L. G. Lohmann
(Bignoniaceae) extracts and constituents. J. Trop. Med. 2017, 2017, 6106959. [CrossRef]

Cos, P; Vlietinck, A.; Vanden Berghe, D.; Maes, L. Anti-infective potential of natural products: How to develop a stronger In Vitro
“proof-of-concept”. |. Ethnopharmacol. 2006, 106, 290-302. [CrossRef]


http://doi.org/10.1590/S1516-93322008000400015
http://doi.org/10.1590/2175-7860202071052
http://doi.org/10.1155/2017/6106959
http://doi.org/10.1016/j.jep.2006.04.003

	Introduction 
	Results and Discussion 
	Characterization by LC-DAD-ESI-MS and UPLC-HRMS 
	Quantification of Flavonoids 
	Characterization by NMR 
	Cytotoxic Effect and Antiviral Activity 

	Methods and Materials 
	Plant Material and Chemicals 
	Extract Preparation 
	Liquid Chromatography–Mass Spectrometry in Series (LC-DAD-ESI-MS) 
	High-Resolution Mass Spectrometry Analyses 
	Quantitative Flavonoids Analysis 
	NMR Spectroscopy 
	Cell Culture and Virus 
	Cytotoxicity Assay 
	Antiviral Assays 
	Statistical Analyses 

	Conclusions 
	References

