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ABSTRACT

In view of the therapeutic potential and popular use of the Malpighiaceae family, with emphasis on
the importance of species of the Diplopterys (Banisteriopsis) genus, the objective of this study was
to identify the metabolites classes of leaves and stems of Diplopterys pubipetala. The extracts were
analyzed and detected 10 compounds distributed among alkaloids (2), flavonoids (3), terpenes (3),
saponin (1) and lactone (1). Among the substances found, there are compounds already reported
in the Malpighiaceae family. The therapeutic potentials cited in the literature for the identified
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and opens new lines of research for this species

substances were: antifungal, antiviral, antimicrobial, antioxidant, anti-inflammatory and antitumor
actions. This work is a pioneer in the study of the chemical constituents present in D. pubipetala

Keywords: Alkaloids; flavonoids; terpenes; Banisteriopsis.

1. INTRODUCTION

The Malpighiaceae family is composed of tropical
flowering plants, with approximately 1300
species and 75 genus [1]. The Diplopterys genus
is found in Latin America, in some subtropical
regions, but most species are restricted to
tropical regions [2].

The Banisteriopsis pubipetala A. Juss. came to
be considered synonymous with Diplopterys
pubipetala (A. Juss.) W.R. Anderson & C. Davis

(3]

The species D. pubipetala has distribution
throughout Brazil, extending up to Colombia,
Peru, Bolivia and Paraguay and blooms in
September and bears fruit from November [3]. In
view of the therapeutic potential, the importance

of species of the genus Diplopterys
(Banisteriopsis), the absence of studies on D.
pubipetala and the inexistence of the

ethnobotanical use of this species, the objective
of this study was to identify the classes of
metabolites of leaves and stems of D. pubipetala.

The main constituents of the Malpighiaceae
plants are the alkaloids, flavonoids and terpenes
[4]. In this context, the objective of this work was
to study the chemical composition of D.
pubipetala stem and leaf extracts and thus
propose the main classes of metabolites.

2. MATERIALS AND METHODS

2.1 Collection of Plant Material and

Obtaining the Extract

Leaves and stems of young and healthy plants of
D. pubipetala were collected, identified with the
specimen deposited at the Herbario Montes
Claros Minas Gerais, of the State University of
Montes Claros, Brazil under voucher 4033.

2.2 Obtaining the Crude Extracts and
Partitions Crude Extracts

Leaves and stems were separately macerated in
ethanol/water (7:3 v/v). Flavonoid partitions: the
crude extracts (1 g) were solubilized in
methanol/water (10 mL; 9:1) each separately.
Extractions were performed (4 x 75 mL) with the
solvents: dichloromethane and ethyl acetate.
Alkaloid partitions: the crude extracts (1 g) were
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resuspended in methanol/water (30 mL, 70% v/v)
and taken to an ultrasonic bath for 30 minutes.
The samples were centrifuged (5000 rpm) for 20
minutes and the supernatant filtered through filter
paper (Nalgon - 3um), with pH adjustment 10.0
using ammonium hydroxide. Extractions (3x 30
mL) were made with dichloromethane. The
solvents of the extracts and partitions were
evaporated (40°C) and later stored under
refrigeration (4°C).

2.3 Column Chromatography

Columns (60 cm x 3 cm) were prepared for
alkaloids: (a) 50 mg leaf extract and (b) 4.7 mg
stem extract and for flavonoids: (c) 32 mg leaf
extract and (d) 3.8 mg of stem extract. The
packaging was carried out with (40 mL) silica gel
60 (0.063 - 0.200MM / 70 - 230 MESH - VETEC)
and hexane. The fractions were eluted with the
solvents (120 mL): hexane, dichloromethane,
ethyl acetate and butanol, respectively. Fractions
of 5 mL in 5 mL were collected in a test tube, the
fractions obtained were compared by thin layer
chromatography (CCD) and grouped. The
solvent was evaporated in a circulating air oven
at 40°C for 24 hours and after drying, the
samples were stored at 4°C (Table 1).

241C-MS

The mass spectrometry analysis was performed
on UHPLC (Hewlett Packard, Agilent
Technologies 1290 series) coupled to the Q-ToF
iFunnel 6550 mass spectrometer using
electrospray ionization source (ESI) without the
column. The voltages and temperatures of the
mass spectrometer were: VCap 3000 V;
shredder voltage at 100 V; OCT 1RF Vpp at 750
V; gas temperature at 250°C; Gas temperature
sheath at 350°C; Drying gas at 10 L min”. The
mass spectra were acquired in profile and
negative ion mode and the acquisition range was
100-2000 m/z. The data were processed using
the Agilent Mass Hunter Qualitative Analysis
B0.7 software. The provisional identification of
the compound was made using the METLIN
library based on the exact mass (3 ppm).
Searches were carried out on websites and
articles in order to identify each compound. The
analyzes were carried out at the Mass
Spectrometry Laboratory - Thomson of the
Universidade de Estadual de Campinas.
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Table 1. Information about part of the plant, solvent and extraction yield

Sample PP Solvent Mi Y (mg e %) N° GP
19(38%) 15a30
2 Alkaloid 3 (8.6%) 1a14
3 Leaf Dichloromethane 9 (3.8%) 31a33
4 1 0 (3.1%) 11a13
5 Flavonoid 3.5(11.2 %) 1a10
6 Stalk 3 2 (84.2%) 1a7
7 3 (4.6%) 1a9
8 2 (4.4%) 9aM
9 Leaf Ethyl acetate Alkaloid 0 4 (0.8%) 12
10 2.8 (5.6 %) 13a33
1 2.4 (7.5 %) 1a6
12 Flavonoid 6.3 (19.7%) 7a13
13 0 7 (1.4%) 1a8
14 Leaf 1(6.2%) 28a33
15 Butanol Alkaloid 3 7 (7.4%) 19a 27
16 Stalk 0.8 (17.0%) 1a7
17 Flavonoid 3.3 (10.3%) 12a15
18 Leaf 2.8 (8.8%) 1a11
19 Alkaloid 5.6 (11.2%) All
20 Leaf Hexane 2.8 (8.8%) 1a6
21 Flavonoid 2.2 (6.9%) 13a16
PP: part of the plant; MI: metabolite of interest; Y: Yield; N° GP: Grouped Partition
3. RESULTS AND DISCUSSION Piper umbellatum  (Piperaceae), Solanum
sordidum (Solanaceae), Acorus gramineus
Ten compounds belonging to the class five (Araceae), Celtis africana (Cannabaceae), Piper
distinct classes of secondary metabolites were  flavifiorum  (Piperaceae) and  Tetrapterys
identified in the leaf and stem par'tltlons D. mucronata (Ma|p|gh|aceae) [5’6’7] This

pubipetala: alkaloids, flavonoids,
saponin and lactone (Table 2).

terpenoids,

The two alkaloids detected in the leaf extracts
have the biological importance described for
other species. N-cis-Feruloyltyramine
(C4gH19NO,4) was identified in the leaf partition
with ethyl acetate and is reported in the species

molecule has anticancer, antifungal, antioxidant
and anti-inflammatory activities [5].
Simulansamide (C;,H23NOg), also an alkaloid,
was identified in the leaf partition in ethyl acetate
and identified in Zanthoxylum  simulans
(Rutaceae), this molecule being able to inhibit
platelet aggregation [8].

Table 2. Compounds present in leaves and stems of D. pubipetala identified in extracts and
partitions by mass spectrometry (Q-ToF)

cQ m/z Compound MF Score D (DB,
ppm)
312.1247 N-cis-Feruloyltyramine (C4gH19NO,) 87.76 -4.33
Alkaloid 396,1467 Simulansamide® (CoHo3NOg) 83.20 -4.56
587.1332 Cucumerin A® (CooH26044) 97.16  -1.57
Flavonoid 521.0933 Syringetin 3-glucuronide ? (Co3Hx044) 99.53 0.65
407.1866 Macarangaflavanone A® (Co5H2805) 99.99 0.09
617.3835 3-B-O-(cis-p-coumaroyl) corosolic acid®  (CsqH5406) 95.09 1.98
Terpenoid 451.3221 25-anidro-alisol F? (C3oH4403) 99.27 -0.86
293.1769 Phytuberina®® (Ci7H604)  91.85 -3.62
Saponin 621.4371 Ginsenoside Rh2? (C36Hg204) 99.96 0.18
Lactone 221.1553 S-cucujolide V?° (C14H2,0,) 99.16 -1.34

QC: chemical class. m/z: Mass/charge ratio. MF: proposed molecular formula. a: the detected in leaf. b: detected
in stem. D: Diff (DB, ppm) error of the analysis, the difference in mass given in ppm of the molecular formula that
was assigned in relation to the mass that was measured
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Cucumerin A (CxH23041) was one of three
molecules identified in the leaf partition (ethyl
acetate), being described in the literature in
Cucumis sativus L. (Cucurbitaceae)
[9]. The syringetin 3-glucuronide (Cy3H,,044) was
found in the partition leaf (ethyl acetate) and
described in the Spinacia oleracea species
(Amaranthaceae) showing antioxidant, anti-
allergic, anti-inflammatory, antithrombotic,
anticarcinogenic and antiviral actions [10].
Already macarangaflavanone A (Cy5H20s5) was
identified in the leaf partition (butanol) and with

showed antimicrobial activity, described in
Macaranga triloba ((Euphorbiaceae)
and  Flemingia strobilifera  (Leguminosae)
[11,12].

The terpenes were 3-B-O-(cis-p-coumaroyl)
corosolic acid (CzgHs40¢) identified in the leaf
partition (butanol), being reported in
Ludwigia octovalvis (Onagraceae) with

cytotoxicity activity in human tumor cells [13].
The 25-anhydro-alisol F (C30H4403) was detected
in the leaf fraction (dichloromethane). This
terpene was isolated from Alisma
orientalis (Alismataceae), being a substance
derived from alisol F, which is a terpene with anti-

inflammatory  action  [14,15].  Phytuberina
(C47H2604) was detected in leaf partitions (all
solvents) and in the stem partition

(dichloromethane), being found in Solanaceae
specifically in Solanum tuberosum L. and
Nicotiana tabacum [16,17]. These terpenes have
antimicrobial actions and antifungal and
defensive function, synthesis and accumulation
are induced after the attack of a pathogen [17].
Saponin  Ginsenoside Rh2 (C3sHe20s) was
identified in the leaf partition (butanol), being
characteristic of the species Panax ginseng
(Araliaceae) [18]. This molecule may be able to
inhibit the action of glutamate mediated by
NMDA receptors [19] and has anti-obesity
properties, reducing risk factors for metabolic
diseases, such as diabetes [19,20]. And lastly,
lactone S-cucujolide V (C44H2,0,) was found in
all studied partitions, except for the butanol leaf
partition.

4. CONCLUSION

This study reports the presence of alkaloids,
flavonoids and terpenes in extracts of leaves and
stems of D. pubipetala (Malpighiaceae), and the
proposed molecular structures are already
described in the literature with the biological
potential applied in the treatment of several
human diseases.

Costa et al.; EJIMP, 31(15): 43-48, 2020; Article no.EJMP.62042

46

DISCLAIMER

The products used for this research are
commonly and predominantly use products in our
area of research and country. There is absolutely
no conflict of interest between the authors and
producers of the products because we do not
intend to use these products as an avenue for
any litigation but for the advancement of
knowledge. Also, the research was not funded by
the producing company rather it was funded by
personal efforts of the authors.

CONSENT

It is not applicable.

ETHICAL APPROVAL

It is not applicable.

ACKNOWLEDGEMENTS

Biotechnology Postgraduate Program of the
State University of Montes Claros, Coordination
for the Improvement of Higher Education
Personnel (Capes), National Council for
Scientific and Technological
Development (CNPq) and Minas  Gerais
Research Funding Foundation (FAPEMIG).

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Anderson WR. Origenes de |las

Malpighiaceae mexicanas. Acta Bot Mex.
2013;104:107-156, 247-254.
Available:https://doi.org/10.21829/abm104.
2013.60,https://doi.org/10.1016/S0006-
291X(02)00870-7

2. Gates B. Banisteriopsis, Diplopterys
(Malpighiaceae). Flora Neotropica. 1982;
192;30:1-237.

3. Anderson WR, Davis CC. Expansion
of Diplopterys at the expense
of Banisteriopsis (Malpighiaceae). Harvard
Papers in Botany. 2006;11:1-16.
DOI:10.3100/1043-
4534(2006)95[1:eodate]2.0.co;2

4. Guilhon-Simplicio F, Pereira MM. Quim.

Nova.2011;34(6):1032-1041.
Available:https://doi.org/10.1590/S0100-
40422011000600021



10.

1.

Tabopda TK, Ngoupayo J, Liu J, Mitaine-
Offer A, Tanoli SAK, Khan SN, Ali MS,
Ngadjui BT, Tsamo E, Lacaille-Dubois M.
Secondary metabolites from polar fractions
of Piper umbellatum. Phytochemistry.
2008;69:1726-1731.
Available:https://journals.sagepub.com/doi/
pdf/10.1177/1934578X1200700511
Kanada RM, Simionato JI, Arruda REF,
Santin SMO, Souza MC, Silva CC. N-
trans-feruloyltyramine and flavonol
glycosides from the leaves of Solanum
sordidum. Rev Bras Farmacogn. 2012;
22(3):502-506.
Available:https://doi.org/10.1590/S0102-
695X2012005000029

Queiroz MM, Queiroz EF, Zeraik ML,
Ebrahimi SN, Marcourt L, Cuendet M,
Castro-Gamboa |, Hamburger M, Silva
Bolzani V, Wolfender JL. Chemical
composition of the bark of Tetrapterys
mucronata and Identification of
Acetylcholinesterase Inhibitory
Constituents J Nat Prod. 2014:77(3):650-
656.
Available:https://doi.org/10.1021/np401003
p

Wu S, Chen |, Chem C, Teng C, Wu T.
Structure and synthesis of simulansamide,
a platelet aggregation inhibitor from
Zanthoxylum  Simulans Jnl  Chinese
Chemical Soc.1996;43:195-198.
Mukherjee PK, Nema NK, Maity N, Sarkar
BK. Phytochemical and therapeutic
potential of cucumber Fitoterapia. 2013;
84:227-236.
Available:https://doi.org/10.1016/j.fitote.20
12.10.003

Guilhon-Simplicio F, Pereira MM. Aspectos
quimicos e farmacoldgicos
de Byrsonima (Malpighiaceae) Quim.
Nova. 2011;34(6):1032-104.
Available:https://doi.org/10.1590/S0100-
40422011000600021

Cho MJ, Howard LR, Prior RL, Morelock T.
Flavonoid content and antioxidant capacity
of spinach genotypes determined by

high-performance liquid
chromatography/mass spectrometry.
J Sci Food Agr. 2008;88:1099—
1106.

Available:https://doi.org/10.1002/jsfa.3206
Vinh D, Hua PZ, Nguyen MD, Nguyen VT,
Guo WQ. A new geranyl flavanone from
Macaranga triloba J. Asian Nat. Prod.Res.
2006;8(1):155-158.

DOI: 10.1080/1028602042000325654

Costa et al.; EJIMP, 31(15): 43-48, 2020; Article no.EJMP.62042

47

12.

13.

14.

15.

16.

17.

18.

19.

Madan S, Singh GN, Kumar Y, Kohli K,
Singh RM, Mir SR, Ahmad S. A New
flavanone from Flemingia strobilifera (Linn)
R. Br. and its Antimicrobial Activity Trop J
Pharm Res. 2008;7(1):921-927.
Available:http://dx.doi.org/10.4314/tjpr.v7i1.
14678

Truong QN, Nguyen PD, Bui TBH, Le TB,
Do TTH, Bui TBH, Marie-Louise S, Nguyen
TP, Joélle QL, Patrick K.
Immunomodulatory potential of extracts,
fractions and pure compounds from
Phyllanthus amarus and Psidium guajava
on striped catfish (Pangasianodon
hypophthalmus) head kidney leukocytes.
Fish Shellfish Immunol. 2020;104:289-303.
Available:https://doi.org/10.1016/j.fsi.2020.
05.051

Hu XY, Guo YQ, Gao WY, Chen HX, Zhang
TJ. A new triterpenoid from Alisma
orientalis Chin. Chem. Lett. 2008;19:438—
440.
Available:https://doi.org/10.1016/j.cclet.200
8.01.019

Bi X, Wang P, Ma Q, Han L, Wang X, Um
Y, Guan P, Qu X, Wang Z, Huang X.
Fluoroalkyl Amino Reagents (FARs): A
general approach towards the synthesis of
heterocyclic compounds bearing emergent
fluorinated substituents. Molecules.
2017;22(6):951-960.
Available:https://doi.org/10.3390/molecules
22060977

Mostafa, MH. Elicitation of phytoalexin
rishitin in potato tuber slices infected by
fusarium spp., Does it Consider a Factor of
Pathogenicity? Int. J. Phytopathol. 2018;
07(02): 53-61.
Available:https://doi.org/10.33687/phytopat
h.007.02.2383

Tugizimana F, Steenkamp PA, Piater LA,
Dubery 1A. Ergosterol-induced
sesquiterpenoid synthesis in tobacco cells.
Molecules. 2012;17:1698-1715.
Available:https://doi.org/10.3390/molecules
17021698

Shin B, Kwon SW, Park JH. Chemical
diversity of ginseng saponins from Panax
ginseng. J Ginseng Res. 2015;39(4):287—-
298.
Available:https://doi.org/10.1016/j.jgr.2014.
12.005

Verstraeten SL, Deleu M, Janikowska-
Sagan M, Claereboudt, EJS, Lins, L,
Tyteca, D, Mingeot-Leclercq, MP. The
activity of the saponin ginsenoside Rh2 is
enhanced by the interaction with



20.

membrane sphingomyelin but depressed
by cholesterol. Sci Rep. 2019;9-7285.
Available:https://doi.org/10.1038/s41598-
019-43674-w

Popovich DG, Yeo C, Zhang W. Evaluation
of  antidiabetic,  hypolipedimic  and

Costa et al.; EJIMP, 31(15): 43-48, 2020; Article no.EJMP.62042

antioxidant activity of hydroalcoholic
extract of leaves and fruit peel of Punica
granatum in male Wistar albino rats Int. J.
Res. Pharm. Biomed. Sci. 2012;6(1):56-62.
Available:https://doi.org/10.4103/0976-
9668.149085

© 2020 Costa et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/62042

48



