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Abstract: In natural product studies, the purification of metabolites is an important challenge.
To accelerate this step, alternatives such as integrated analytical tools should be employed. Based on
this, the chemical study of Swinglea glutinosa (Rutaceae) was performed using two rapid dereplication
strategies: Target Analysis (Bruker Daltonics®, Bremen, Germany) MS data analysis combined with
MS/MS data obtained from the GNPS platform. Through UHPLC-HRMS data, the first approach
allowed, from crude fractions, a quick and visual identification of compounds already reported in the
Swinglea genus. Aside from this, by grouping compounds according to their fragmentation patterns,
the second approach enabled the detection of eight molecular families, which presented matches for
acridonic alkaloids, phenylacrylamides, and flavonoids. Unrelated compounds for S. glutinosa have
been isolated and characterized by NMR experiments, Lansamide I, Lansiumamide B, Lansiumamide
C, and N-(2-phenylethyl)cinnamamide.
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1. Introduction

Currently, a combination of hyphenated techniques (i.e., two or more analytical techniques) may
increase the efficiency and speed of analysis, being useful tools to determine unknown natural products.
Recent methodologies developed to discover new metabolites include molecular dereplication, which
is defined as the analysis of a natural product, fraction, or crude extract without previous purification
steps. Usually, this is done based on spectroscopic, structural, or biological activity, using data
comparisons obtained from “in-house” and/or commercial databases [1].

In this sense, one of the most employed approaches is the Global Natural Products Social Molecular
Networking (GNPS), which consists of a database that analyzes mass spectrometry data and compares
it with previously registered data to establish the molecular networking maps. GNPS has been created
to improve and accelerate the discovery of natural products, allowing the identification of substances
not yet reported [2].

Another tool recently developed to distinguish known and unknown secondary metabolites is
HRMS data processing through Target Analysis software (Bruker Daltonics®) [3]. This screening

Molecules 2020, 25, 153; d0i:10.3390/molecules25010153 www.mdpi.com/journal/molecules


http://www.mdpi.com/journal/molecules
http://www.mdpi.com
https://orcid.org/0000-0002-7081-817X
https://orcid.org/0000-0002-1377-158X
http://www.mdpi.com/1420-3049/25/1/153?type=check_update&version=1
http://dx.doi.org/10.3390/molecules25010153
http://www.mdpi.com/journal/molecules

Molecules 2020, 25, 153 20f9

method interacts with previously known compound databases by an internal application (Excel
spreadsheet) that generates searching lists, which indicate reported detected compounds. This enables
accelerated and efficient identification of known compounds, saving time for isolating unknown
compounds or bioactive substances. This strategy was developed by Klitgaard et al. (2013) [3].

Based on the advantages of the application of modern strategies, this work aims to explore the
chemical profile of Swinglea glutinosa, a species from the Rutaceae family, which belongs to a monotypic
genus, according to Engler (1931) [4]. It is a plant from the Philippines, but is already widespread
throughout the world including Latin America, especially Colombia and Brazil. Biosynthetically, it is
characterized by the presence of alkaloids, especially acridones [5] and benzoyltyramines [6].

Some reports have shown that acridones present antiparasitic activity against Plasmodium falciparum
and Trypanosoma brucei rhodesiense, which are responsible for transmitting malaria and sleeping sickness,
respectively. Acridone 5-hydroxynoracronycine (6), among those tested, was the most active against
T. b. rhodesiense (ICT59 1.0 uM). On the other hand, glycocitrine-IV (5), was more active (ICP5, 0.3
uM) against P. falciparum [7]. The acridones also presented an effect on cathepsin V, an enzyme that
degrades random proteins in the lysosome, which is associated with some diseases, the progression of
tumors, muscular dystrophy, Alzheimer’s disease, rheumatoid arthritis, and osteoporosis. Among the
tested compounds, citibrasine (4) was the most potent inhibitor, with an ICsy value of 1.2 uM [8].

Beyond these effects, we can find reports on the potential of this class of compounds on
photosynthesis inhibition. Citrusinine-I (1), glycocitrine-1V (5), 1,3,5-trihydroxy-10-methyl-2,8-bis(3-
methylbut-2-en-1-y1)-9(10H)-acridinone, (2R)-2-tert-butyl-3,10-dihydro-4,9-dihydroxy-11-methoxy-
10-methylfuro-[3,2-blacridin-5(2H)-one, and (3R)-2,3,4,7-tetrahydro-3,5,8-trihydroxy-6-methoxy-2,2,7-
trimethyl-12H-pyrano [2,3-a]acridin-12-one affect photosynthesis through different mechanisms of
action [5]. We also can find reports on anticancer activity, for instance, compound 1,3-dimethoxy-
10-methylacridone, which presented cytotoxic effects with ICsg values from 3.38 uM (toward
MDA-MB-231-BCRP cells) to 58.10 uM (toward leukemia CEM/ADR5000 cells) [9].

Given the reports and the biological activities associated with compounds isolated from Swinglea
glutinosa, we have decided to continue [5] our search for compounds still undiscovered in the plant.
Thus, the selected modern analytical tools have been very useful for conducting this work, which led
us to isolate and characterize substances of interest, in this case, unrelated phenylacrylamides to the
Swinglea genus.

2. Results and Discussion

Before starting the chemical fractionation of S. glutinosa extracts, to detail the chemical profile
of the plant, a literature review (including the use of the Dictionary of Natural Products) of all
compounds previously reported for the Swinglea genus was performed. Thus, an “in-house” database
was created by feeding an Excel spreadsheet containing the molecular formula and the name of
all cataloged compounds. In total, 27 compounds were cataloged, belonging to the acridone and
benzoyltyramine classes.

Among the fractions obtained from the ethanolic extract fractionation of S. glutinosa, the hexane
stem and hexane leaf fractions were analyzed through the dereplication approaches. Thus, it was
possible to observe on the chromatogram of the hexane stem fraction that many detected compounds
corresponded to compounds listed in the “in-house” database, most of them belonging to the acridonic
alkaloid, benzoyltyramine, and phenylacrylamide classes (Figures 1A and 2; Table 1). The numbers
indicated on the chromatograms (Figure 1A,B) correspond to the molecular formulas for the compounds
present in the “in-house” database. These compounds are shown in Figure 2 and Table 1.
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Figure 1. (A) Base peak chromatogram (BPC) of S. glutinosa hexane stem fractions. (B) BPC of S.

glutinosa hexane leaf fraction. The chromatogram is overlaid with the extracted-ion chromatogram

from detected compounds. The colored peaks represent compounds listed in the “in-house” database,

some of them identified in Table 1 and Figure 2. The peaks numbered in red correspond to the isolated

amides in this work, not yet reported for the genus.

Table 1. Identified compounds from the hexane stem and hexane leaf fractions of Swinglea

glutinosa through UHPLC-HRMS (using Target Analysis), their molecular formulas, exact masses,

and accurate masses.

Compound Name (Code) l\gz:::;:r E;::: AC[CI::: z:;l\]/_[{_ass
citrusinine-I (1) Ci16H15NO5 301.0950 302.1018
citrusinine-II (2) C15H13NO5 287.0794 288.0862
pyranofoline (3) CyoH19NO5 353.1263 354.1334
citibrasine (4) Cy7H17NOg 331.1056 332.1131
glycotrycine IV (5) CyoH1NO5 355.1420 356.1488
5-hydroxynoracronycine (6) C19H17NOy4 323.1158 324.1230
2,3-dihydro-4,9-dihydroxy-2-(2-hydroxypropan-2-yl)-11-methoxy-10-methylfuro[3,2-b]acridin-5(10H)-onel (7) CpoH1NOg 371.1369 372.1439
3,4-dihydro-3,5,8-trihydroxy-6-methoxy-2,2,7-trimethyl-2H-pyrano[2,3-a]acridin-12(7H)-one (8) CyoH1NOg 371.1369 372.1452
des-N-methylnoracronycine (9) Cy9H17NO3 307.1208 308.1250
5-hydroxy-N-methylseverifoline (10) Cp4HysNOy 391.1784 392.1842
glyfoline (11) C18H19NO7 361.1162 362.1272
atalaphyllinine (12) Cp3Hy3NO 377.1627 378.1446
(E)-N-methylcinnamamide [(E)-N-methylphenylacrylamide] (13) CyoH11NO 161.0841 162.0912
N-benzoyl-O-(4-acetoxyl-6,7-dihydroxy)geranylthiramine (14) Cy7H35NOg 469.2464 470.2522
N-benzoyl-O-(6-acetoxyl-4,7-dihydroxy)geranylthiramine (15) Cy7H35NOq 469.2464 470.2522
N-{2-[4-(butoxy-3-one) phenyl]ethylbenzamide (16) C19H21NO;3 311.1521 312.1591
N-{2 [4-(2,3-dihydroxy-2-methylbutoxyethyl)phenyl] ethylbenzamide (17) CpoH3NOg 373.1525 374.1573
N-benzoyltyramine (18) Cy5H15NO, 241.1103 2421175
lansamide I (19) CygH;NO 263.131 264.1379
lansiumamide B (20) C1gH17;NO 263.131 264.1381
lansiumamide C (21) C1gH19NO 265.147 266.1554
N-(2-phenylethyl)cinnamamide (22) Cy7H17NO 251.131 252.1397
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Figure 2. Identified compounds from Swinglea glutinosa through UHPLC-HRMS (compounds 1-22,
using Target Analysis; compounds 23-29 using GNPS). The compounds indicated in red correspond to
the phenylacrylamide class; the compounds in blue belong to the acridonic alkaloid class and in black
are compounds belonging to the flavonoid class.

On the other hand, from the analysis of the hexane leaf fraction (Figure 1B), we observed that
its major compounds did not correspond to the cataloged metabolites in our database. To find out
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which classes of compounds were present in the fraction as well as in the other fractionated amounts,
we decided to use a complementary dereplication strategy: the free website GNPS.

Currently, the use of molecular networking is a powerful analytical tool for metabolic mapping
by molecular fragmentation data through tandem mass spectrometry [2]. This makes it possible
to represent and to group a set of spectral data based on the fragmentation similarity (MS/MS
spectra) of compounds present in one or more target samples. Directly, such grouping suggests a
structural similarity between compounds, thus facilitating the detection of biosynthetic analogues [10].
Therefore, through the analysis of the obtained molecular families from the extracts of S. glutinosa
(Figure 3 and Figure S1), it was possible to visualize the establishment of eight predominant clusters.
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Figure 3. Molecular families for S. glutinosa extracts. Nodes outlined in blue represent isolated and
identified compounds in this work. The nodes outlined in pink represent dereplicated compounds,
which had the chemical structure suggested by the GNPS platform. Compounds indicated from
non-prominent nodes suggest substances compatible with metabolites already described for S. glutinosa.
Structures highlighted in the red frame indicate compounds not related to the Swinglea genus and
that were identified by our “in-house” database. Different portions visualized at nodes are not
quantitatively representative.

The orange and green colors represented in the nodes (Figure 3) illustrate the presence of the
described precursor ions found in the extracts from the stems and leaves of the plant, respectively. It is
important to highlight that the indicated proportions should not be associated with the amounts of
metabolite detected in each extract. The observed differences correspond to the number of spectral
counts recorded for each ion, according to the program processing standardization.

The molecular family I indicates the detection of seven metabolites belonging to the
N-benzoyltyramine class, a known group of compounds found in the Swinglea genus [6].
However, all seven biosynthetic congeners have not been described for S. glutinosa yet. Given this,
we decided to isolate the compounds represented by m/z 264.104, 252.146, and 266.159 through the use of
preparative HPLC. NMR data allowed for the identification of the metabolites as: Lansamide I (19) [11],
Lansiumamide B (20) [12], Lansiumamide C (21) [12], and N-(2-phenylethyl)cinnamamide (22) [13]
(Figure 2). In the chromatogram shown in Figure 1B, the characteristic peaks of these compounds are
highlighted in red. Noteworthy, compounds (19) and (20) are configurational isomers, whose m/z is
264.104. Furthermore, compounds represented by m/z 280.144 and 282.156 (Figure 3) are correlated
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with metabolites found in another Rutaceae plant, Clausena lansium [14] as well as the isolated and
identified compounds.

The GNPS platform was important to identify compound (26), whose m/z is 307.186,
as (E)-N-(4-acetamidobutyl)-3-(4-hydroxy-3-methoxyphenyl)prop-2-enamide. These data confirm the
consistent result for grouping the compounds in cluster I, which is also highlighted by the obtained
cosine values (higher than 0.7), pointing to significant fragmentation similarities among the clustered
compounds. The comparison between the experimental and registered (GNPS database) spectra
(Figure 4) also demonstrates the resemblances around the fragmentation pattern, which was important
for compound identification.
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Figure 4. (A) Part of molecular family I, corresponding to amide detection, with highlighted cosine

values. (B) MS/MS spectrum acquired (black) vs. registered spectrum on the GNPS platform (green),
for the ion m/z 307.186. The pseudomolecular ion was not detected in both cases.

Molecular family I is basically formed by acridones, a class of natural products quite characteristic
in Swinglea glutinosa [4,5,15]. In this work, some of them were isolated and identified: citrusinine-I
(1) [16], citrusinine (2) [17], glycotrycine IV (5) [18], and 5-hydroxynoracronycine (6) [19]. In addition,
the presence of cluster II also suggests the likely production of other alkaloids that have not been
reported for S. glutinosa yet. The nodes represented by m/z 312.091, m/z 370.134, and m/z 318.102 did
not show any correlation with our “in-house” database. The last one was identified using MS/MS
spectra comparison at the GNPS platform as 1,3,6-trihydroxy-4,5-dimethoxy-10-methylacridin-9-one
(23) [20]. Therefore, our approach revealed the potential of finding untapped acridones in S. glutinosa.

In its turn, for molecular family III, it was observed as a flavonoid cluster, some of
whose compounds were identified according to MS/MS spectra matches through the GNPS
database [2]. The candidates suggested for m/z 565.164, m/z 579.179, and m/z 549.169 were
5,7-dihydroxy-2-(4-hydroxyphenyl)-8-[3,4,5-trihydroxy-6-(hydroxymethyl)oxanitrile)-2-y1]-6-(3,4,5-
trihydroxyoxan-2-yl)chromen-4-one (27), 5-hydroxy-7-[3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]-
oxy-2-[4-(3,4,5-trihydroxy-6-methoxoxan-2-yl)oxiphenyl]chromen-4-one (28), and 5,7-dihydroxy-
2-phenyl-6-[3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]-8-(3,4,5-trihy droxyoxan-2-yl)chromen-4-one
(29), respectively. Furthermore, clusters IV-VIII were also observed, but any corresponding metabolite
was identified using the described analytical tools.

Employing the two mentioned dereplication strategies, it was possible to identify 29 compounds,
11 of them not described for the Swinglea genus. These methodologies guided the isolation of four
phenylacrylamides, alkaloid-based compounds that were also first shown in the plant genus.

In a nutshell, the use of the combined approaches has been useful for exploring the chemical
profile of the Swinglea genus, in particular regarding the detection of alkaloid-based compounds
produced by the plant. Altogether, the results point toward still hidden specialized metabolites from
Swinglea glutinosa to be revealed in the ongoing work.
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3. Materials and Methods

3.1. Target Analysis and Molecular MS/MS Networking-Based Dereplication

A list creation for target candidates in the Target Analysis 1.3 (Bruker Daltonics®, Bremen,
Germany) program processing was performed through the Microsoft Excel interface, with the compound
name and the molecular formula, according to the literature information. Considered processing
parameters were SigmaFit at 1000 (broad, isotope-free), 60 (medium), 20 (low), mass accuracy accessed
lower than 5 ppm, and mSigma lower than 50. Area cut-off was set to 2000 counts as the default
and DataAnalysis 4.2 software (Bruker Daltonics®) was used for manual comparison of extracted-ion
chromatograms (EIC) generated by Target Analysis.

For MS/MS dereplication via molecular networking analysis (GNPS), MS/MS data were acquired
using AutoMS mode and converted to .mzXML format using MS-Convert software, which is part of
ProteoWizard (Palo Alto, CA, USA). The networks were generated using the online platform (https:
//gnps.ucsd.edu/ProteoSAFe/static/gnps-splash.jsp) [2]. All MS/MS peaks within +17 Da deviations
from the precursor ions were filtered out. MS/MS spectra were selected from only the six best peaks,
considering a range of +50 Da across the spectrum. The data were grouped with a tolerance of 0.02 Da
for precursor ions and 0.02 Da for fragment ions in the construction of “consensus” spectra (identical
spectra for each precursor, which are combined to create the node to be visualized). Consensus spectra
with less than two spectra were not considered. Connections between nodes were filtered to values
greater than 0.7 of the cosine parameter, with compatibility for more than six peaks. For the dereplication
of compounds, the generated network spectra were consulted at the GNPS libraries, using the same
selection criteria for the analyzed samples. GNPS data were analyzed and viewed using Cytoscape
3.7.0 software (U.S. National Institute of General Medical Sciences, Bethesda, MD, USA).

3.2. Acridone Alkaloids and Phenylacrylamides Isolation and Identification

The plant material was divided into two parts, stem and leaves, followed by drying in an air
circulation oven at 40 °C. After grinding, materials were submitted to extraction by maceration in
ethanol for three days. After three days, the ethanol was filtered off and evaporated. The procedure
was repeated until the third extraction to obtain the extracts from the stems and leaves of S. glutinosa.
In sequence, from the ethanolic crude extracts, the liquid-liquid extraction procedure was employed to
prepare hexane, ethyl acetate, and butanol fractions.

The stems hexane fraction (0.93 g) was subjected to silica column chromatography (diameter:
4.0 cm; height: 1 cm) using hexane, ethyl acetate, and methanol as the gradient mode eluent yielding
16 subfractions (A1l to A16). Fractions A6 and A7 were submitted to preparative HPLC (C12—Synergi
Max column—150 mm X 4.60 mm, 4 p), allowing the isolation of one substance from A6 (6) and three
substances from A7 (1, 2, and 5). The employed mobile phase was formed by acetonitrile (ACN) and
H>0O (both with the addition of 0.1% formic acid) and the method used for all these substances was:
0.01-2.5 min—15% ACN; 2.5-12 min—15-95% ACN; 12-20 min—95% ACN; 20-23 min—95-15% ACN;
23-27 min—15% ACN; this procedure allowed us to obtain citrusinine-I (1) (5.0 mg) [16], citibrasine (2)
(11.7 mg) [17], glycotrycine IV (5) (21.2 mg) [18], and 5-hydroxynoracronycine (6) (2.0 mg) [19].

The hexane fraction from the leaves (8.0 g) of S. glutinosa was fractionated using a silica
chromatography column (diameter: 5.7 cm; height: 30 cm); hexane, ethyl acetate, and methanol were
used as gradient mode eluents yielding 10 fractions (B1-B10). Fractions B5 and B7 were submitted
to preparative HPLC (column C18—250 mm X 4.6 mm—Luna 5 pu). The mobile phase used was
ACN and H,O (both with addition of 0.1% formic acid) and the method used for isolation was:
0.01-2.5 min—60% ACN; 2.5-12 min—60-95% ACN; 12-20 min—95% ACN; 20-23 min—95-60% ACN;
23-27 min—60% ACN; this procedure allowed us to obtain Lansamide I (19) (8.1 mg) [11], Lansiumamide
B (20) (3.8 mg) [12], Lansiumamide C (21) (20.6 mg) [12], and N-(2-phenylethyl)cinnamamide (22)
(18.0 mg) [13]. The NMR spectra were recorded on a Bruker spectrometer (Bruker Daltonics®)
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Ultrashield 300—Advance III operating at 300 MHz (*H) and 75 MHz (13C). The spectra are presented
in the Supplementary Materials (Figures 52-514).

Lansamide I (19): "TH NMR (CDCls, § (J/Hz)): 7.77 (d, 16.4); 7.32 (d, 14,0); 7.20-7.59 (m); 7.02 (d, 15.4);
6.07 (d, 14.3); 3.37 (s); 13C NMR (CDCl3): 135.2; 130.2; 129.1; 128.2; 128.9; 126.8; 125.8; 117.3; 29.8.
HRMS. m/z 264.1379 [M + H]" (caled for C1gH17NO, A3.4 ppm).

Lansiumamide B (20): 'H NMR (CDCls, § (J/Hz)): 7.55 (d, 15.0); 7.20-7.34 (m); 6.93 (d, 15.0); 6.50 (d,
8.6); 6.24 (d, 8.7); 3.09 (s). 13C NMR (CDCly): 141.4; 135.4; 124.1; 127.5-129.5; 118.9; 33.6. HRMS. m/z
264.1381 [M + HJ* (caled for C15H17NO, A2.6 ppm).

Lansiumamide C (21): "H NMR (CDCls, 5 (J/Hz)): 7.72 (d, 15.4); 7.20-7.41 (m); 6.58 (d, 15.4); 3.71 (q,
7.2); 3.07 (s); 2.94 (t, 7.4). 3C NMR (CDCly): 166.5; 142.2; 140.6-127.0; 119.5; 51.9; 36.1; 34.3. HRMS. m1/z
266.1554 [M + HJ* (caled for C15H19NO, A3.3 ppm).

N-(2-phenylethyl)cinnamamide (22): 'H NMR (CDCl3): 7.54 (d, 15.5); 7.22-7.50 (m); 6.31 (d, 15.6);
5.60 (s); 3.67 (q, 6.5); 2.89 (t, 7.0). '3C NMR (CDCl3): 140.5; 130.2-127.0; 123.0; 41.6; 36.5. HRMS. m/z
252.1397 [M + HJ* (caled for C1;H1yNO, A3.5 ppm).

Supplementary Materials: The following are available online, Figure S1: Molecular families obtained from
Swinglea glutinosa extracts, Figures S2-S14: NMR ('H and '3C) spectra of the compounds (19-22), Figures S15-518:
Fragmentation schemes for the compounds (19-22).

Author Contributions: Conceptualization, T.A.M.V.; methodology, A LR. and L.S5.d.M.; software, L.S.d.M.; formal
analysis, A.LR,; investigation, A.C.d.C. and L.D.C.R; data curation, L.5.d. M. and M.E.d.G.Ed.S.; writing—original
draft preparation, A.C.d.C. and L.D.C.R.; writing—review and editing, L.5.d.M. and T.A.M.V.; supervision,
L.S.d.M. and T.A.M.V,; project administration, T.A.M.V.; funding acquisition, T.A.M.V. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Fundagao de Amparo a Pesquisa do Estado de Sao Paulo, grant number
2018/04095-0, and ACC was funded by a PhD scholarship from Coordenacao de Aperfeicoamento de Pessoal de
Nivel Superior.

Acknowledgments: The authors thank the “Programa de Pés-Graduacio em Biologia Quimica” for all their support
and the “Central de Equipamentos e Servigos Multiusudrios (CESM-UNIFESP)” for technical support.

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

References

1.  Dinan, L. Dereplication and partial identification of compounds. In Natural Products Isolation, 2nd ed.;
Sarker, S.D., Latif, Z., Gray, A.I,, Eds.; Humana Press Inc.: Totowa, NJ, USA, 2005.

2. Wang, M.; Carver, ].].; Phelan, V.V.; Sanchez, L.M.; Garg, N.; Peng, Y.; Nguyen, D.D.; Watrous, J.; Kapono, C.A;
Luzzatto-Knaan, T.; et al. Sharing and community curation of mass spectrometry data with GNPS.
Nat. Biotechnol. 2016, 34, 828-837. [CrossRef] [PubMed]

3. Klitgaard, A.; Iversen, A.; Andersen, M.R; Larsen, T.O,; Frisvad, J.C.; Nielsen, K.F. Aggressive dereplication
using  UHPLC-DAD-QTOEF: Screning extracts for up to 3000 fungal secondary metabolites.
Anal. Bioanal. Chem. 2014, 406, 1933-1943. [CrossRef] [PubMed]

4. Engler, A.; Prantl, K. Die Naturlichen Pflanzenfamilien; Engler, A., Prantl, K., Eds.; Wilhelm Engelmann:
Leipzig, Germany, 1931; Volume 19, pp. 187-359.

5. Arato Ferreira, PH.; Dos Santos, D.A.; Da Silva, M.E,; Vieira, P.C.; King-diaz, B.; Lotina-Hennsen, B.; Veiga, T.A.
Acridone Alkaloids from Swinglea glutinosa (Rutaceae) and Their Effects on Photosynthesis. Chem. Biodivers.
2016, 13, 100-106. [CrossRef] [PubMed]

6. Do Nascimento Cerqueira, C.; Cerqueira, N.C.; Dos Santos, D.A.P.; Malaquias, K.S.; Lima, M.M.C.; Da
Silva, M.E.G,; Fernandes, F.; Vieira, P.C. Novas n-benzoiltiraminas de Swinglea Glutinosa (rutaceae). Quim. Nova
2012, 35, 2181-2185. [CrossRef]

7. Santos, D.A.P; Vieira, P.C,; Silva, M.EG.E,; Fernandes, ].B.; Rattray, L.; Crof, S.L. Antiparasitic Activities of
Acridone Alkaloids from Swinglea glutinosa (Bl.) Merr. J. Braz. Chem. Soc. 2009, 20, 644-651. [CrossRef]

8. Marques, E.F; Vieira, P.C.; Severino, R.P. Acridone alkaloids as Inhibitors of Cathepsin L and V. Quim. Nova
2016, 39, 58-62. [CrossRef]


http://dx.doi.org/10.1038/nbt.3597
http://www.ncbi.nlm.nih.gov/pubmed/27504778
http://dx.doi.org/10.1007/s00216-013-7582-x
http://www.ncbi.nlm.nih.gov/pubmed/24442010
http://dx.doi.org/10.1002/cbdv.201500046
http://www.ncbi.nlm.nih.gov/pubmed/26765357
http://dx.doi.org/10.1590/S0100-40422012001100015
http://dx.doi.org/10.1590/S0103-50532009000400008
http://dx.doi.org/10.5935/0100-4042.20150176

Molecules 2020, 25, 153 90f9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kuete, V.; Fouotsa, H.; Mbaveng, A.T.; Wiench, B.; Nkengfack, A.E.; Efferth, T. Cytotoxicity of a naturally
occurring furoquinoline alkaloid and four acridone alkaloids towards multi-factorial drug-resistant cancer
cells. Phytomedicine 2015, 22, 946-951. [CrossRef]

Winnikoff, ].R.; Glukhov, E.; Watrous, J.; Dorrestein, P.C.; Gerwick, W.H. Quantitative molecular networking
to profile marine cyanobacterial metabolomes. J. Antibiot. 2014, 67, 105-112. [CrossRef]

Goossen, L.J.; Gooben, L.; Blanchot, M.; Arndt, M.; Salih, K.S.M. Synthesis of botryllamides and lansiumamides
via ruthenium-catalyzed hydroamidation of alkynes. Synlett 2010, 1685-1687. [CrossRef]

Lin, ].H. Cinnamamide derivatives from Clausena Lansium. Phitochemistry 1989, 28, 621-622. [CrossRef]
Yamazaki, Y.; Kawano, Y.; Uebayasi, M. Induction of adiponectin by natural and synthetic phenolamides in
mouse and human preadipocytes and its enhancement by docosahexaenoic acid. Life Sci. 2008, 82, 290-300.
[CrossRef] [PubMed]

Matsui, T.; Ito, C.; Furukawa, H. Lansiumamide B and SB-204900 isolated from Clausena lansium inhibit
histamine and TNF-a release from RBL-2H3 cells. Inflamm. Res. 2013, 62, 333-341. [CrossRef] [PubMed]
Weniger, B.; Um, B.-H.; Valentin, A.; Estrada, A.; Lobstein, A.; Anton, R.; Maille, M.; Sauvain, M.
Bioactive acridone alkaloids from Swinglea glutinosa. ]. Nat. Prod. 2001, 64, 1221-1223. [CrossRef]
[PubMed]

Furukawa, H.; Yogo, M.; Wu, T.-S. Acridone Alkaloids. X. 13C-Nuclear Magnetic Resonance Spectra of
Acridone Alkaloids. Chem. Pharm. Bull. 1983, 31, 3084-3090. [CrossRef]

Wu, T.-S.; Furukawa, H. Acridone alkaloids. VII. Constituents of Citrus sinensis OSBECK var.
brasiliensis TANAKA. Isolation and characterization of three new acridone alkaloids, and a new coumarin.
Chem. Pharm. Bull. 1983, 31, 901-906. [CrossRef]

Ito, C.; Kondo, Y.; Wu, T.-S.; Furukawa, H. Chemical Constituents of Glycosmis citrifolia (Willd.) Lindl.
Structures of four New Acridones and Three New Quinolone Alkaloids. Chem. Pharm. Bull. 2000, 48, 65-70.
[CrossRef] [PubMed]

Wu, T.-S.; Kuoh, C.-S.; Furukawa, H. Acridone Alkaloids. VI, The constituents of Citrus depressa. Isolation and
Structure Elucidation of New Acridone Alkaloids from Citrus genus. Chem. Pharm. Bull. 1983, 31, 895-900.
[CrossRef]

Wu, T.-S.; Chen, C.-M. Acridone Alkaloids from the Root Bark of Severinia buxifolia in Hainan.
Chem. Pharm. Bull. 2000, 48, 85-90. [CrossRef] [PubMed]

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

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.phymed.2015.07.002
http://dx.doi.org/10.1038/ja.2013.120
http://dx.doi.org/10.1055/s-0029-1219961
http://dx.doi.org/10.1016/0031-9422(89)80063-9
http://dx.doi.org/10.1016/j.lfs.2007.11.016
http://www.ncbi.nlm.nih.gov/pubmed/18166202
http://dx.doi.org/10.1007/s00011-012-0586-8
http://www.ncbi.nlm.nih.gov/pubmed/23324895
http://dx.doi.org/10.1021/np0005762
http://www.ncbi.nlm.nih.gov/pubmed/11575960
http://dx.doi.org/10.1248/cpb.31.3084
http://dx.doi.org/10.1248/cpb.31.901
http://dx.doi.org/10.1248/cpb.48.65
http://www.ncbi.nlm.nih.gov/pubmed/10705478
http://dx.doi.org/10.1248/cpb.31.895
http://dx.doi.org/10.1248/cpb.48.85
http://www.ncbi.nlm.nih.gov/pubmed/10705482
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Materials and Methods 
	Target Analysis and Molecular MS/MS Networking-Based Dereplication 
	Acridone Alkaloids and Phenylacrylamides Isolation and Identification 

	References

