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ABSTRACT ARTICLE HISTORY
Scandenin and 4'-O-methylderrone were isolated from the ethanol Received 11 May 2022
extract of the roots and dichloromethane extract of the leaves of ~ Accepted 16 October 2022
Deguelia costata (Benth.) AM.G. Azevedo & R.A. Camargo, respect-
ively. These compounds and their extracts had their antiprotozoal,
antibacterial, antifungal, and cytotoxic activities tested. All sam-
ples were active for amastigotes of the T. cruzi, with ECso values
varying from 34.5 to 9.8ug mL™'. The 4-O-methylderrone and
scandenin showed better leishmanicidal action against the pro-
mastigote of L. amazonensis, with ECs, of 43.3 and 459 g mL™’,
respectively, when compared to their extracts. All extracts and
scandenin showed activities against Staphylococcus sp, Bacillus sp,
and Candida sp. The compounds did not show cytotoxicity on rat
macrophages. As confirmed by spectroscopic analyses, the
extracts are rich in phenolics, mainly isoflavonoids. The study of
D. costata is a promising strategy for discovering isoflavones and
4-hydroxy-3-phenylcoumarins with antiprotozoal, antibacterial,
and antifungal activities.
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1. Introduction

Leishmaniasis and Chagas disease are Neglected Tropical Diseases (NTDs), and they
are in many countries. These diseases affect low-income people, mainly those who live
in precarious housing conditions, where access to basic sanitation is still inadequate
(WHO 20213, 2021b). Cutaneous leishmaniasis (American cutaneous leishmaniasis) and
mucocutaneous leishmaniasis have, as etiological agents, L. braziliensis, L. amazonensis,
respectively. In turn, protozoan Trypanosoma cruzi is the etiologic agent of the Chagas
disease. Chemotherapy for treating these diseases has high toxicity and several side
effects. Additionally, the emergence of resistant protozoan strains reinforces the need
for new chemotherapeutic agents to treat NTDs (Santos et al. 2020). In this context,
natural products of plant origin are a promising source of bioactive compounds
(Newman and Cragg 2020).

Compounds and extracts of Fabaceae species show recognized antiprotozoal
(Bortoluzzi et al. 2021); antifungal (do Nascimento et al. 2020) and antibacterial proper-
ties (Cuellar et al. 2020; do Nascimento et al. 2020; Erhabor et al. 2020), among others.
The study of species of the genus Deguelia, subfamily Papilonoideae (Fabaceae), is a
promising strategy for the discovery of isoflavonoids with antiprotozoal and antimicro-
bial activities (Marques et al. 2015).

Deguelia costata (Benth.) AM.G. Azevedo & R.A. Camargo, that belongs to the
Multiovulis section of the Deguelia, in a previous phytochemical study, showed the pres-
ence of three 4-hydroxy-3-phenylcoumarins (scandenin, robustin and isorobustin), six iso-
flavones (4'-O-methylderrone, 5-hydroxy-3’,4’-dimethoxy-2",2"-dimethylpyrano [5",6":7,6]
isoflavone, 4'-O-methylalpinumisoflavone, gancaonin M, costatin A and costatin B) (Lemes
et al. 2019). Some of these compounds showed several biological properties, such as anti-
protozoal, antibacterial and antifungal (Magalhaes et al. 2006; Tamfu et al. 2020).

Given the need to discover new therapies to treat infectious diseases, mainly NTDs,
this unprecedented study evaluated the anti-Trypanosoma cruzi, anti-Leishmania
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amazonensis, antibacterial, antifungal, antioxidant and cytotoxic activities of leaf
dichloromethane extract and root ethanolic extract of D. costata, as well as its com-
pounds 4’-O-methylderrone and scandenin. Moreover, this study determined the total
contents of phenolics and tannins in the extracts.

2. Results and discussion

The known compounds 4’-O-methylderrone and scandenin were previously isolated
of the extracts leaf dichloromethane (E1) and root ethanolic (E2) from D. costata,
respectively. Your identifications were based on the NMR data (Figures S1 and S2,
Table S1) and comparison with literature values (Lemes et al. 2019). The anti-T. cruzi
activity these compounds and extracts were evaluated against the trypomastigote
form and the intracellular form (amastigote) (Table S2). Regarding activity against
amastigotes, 4-O-methylderrone, scandenin and extracts were active, with ECs, val-
ues in the range 34.5 to 9.8 ug mL™' (ECso benznidazole = 1.4 uM). 4’-O-methylder-
rone and scandenin had best leishmanicidal action against the promastigote of
Leishmania amazonensis, with an ECso = 43.3pg mL™' and ECso = 459pug mL™',
respectively, when compared with their extracts (range ECso: 182.3 — 145.5).
Compounds had an S| (selectivity index), above 1 for both parasites, confirming
their greater activity against protozoa in relation to cytotoxicity against mammalian
cells. The SI consists of the ratio between the Cytotoxic Concentration 50% (CCsg)
for murine cells and ECs, for protozoa, reveals how specific the extract or substance
is for the parasite, that is, values greater than 1 indicate that the treatment is more
active against the parasite than toxic to the host cells, a characteristic that makes it
a promising compound for drug development (de Almeida et al. 2014). Scandenin
showed antifungal activity against C. albicans and C. glabrata (MIC = 50 ug mL™"' for
both yeasts) and antibacterial against S. epidermidis (MIC = 12.5ug mL™"; MBC =
50ug mL~") and B. cereus (MIC = 6.25 ug mL~"), while 4’-0-methylderrone showed
only a fungiostatic effect for C. albicans (Table S3). S. epidermidis was most sensitive
to all extracts, followed by B. subtilis and B. cereus. The E1 was bacteriostatic and
bactericidal against M. luteus (MBC = 500 png mL~") and B. subtilis (MIC=MBC =
62.51g mL™") and fungiostatic for C. glabrata (MIC = 500 ug mL™"). While, E2 was
active against all tested fungi (range MICs: 500 — 125ug mL™"). In view of these
results, was observed that E1 is more selective in relation to the antifungal effect
that E1. Regarding the antibacterial action, both were selective for Gram-positive
strains. In the "H NMR spectrum of the E1 (Figure S3), signals at 8.01-7.88 suggested
the presence of proton in position 2, ring C of isoflavone, among others. Intense
singlet signals were observed at & 13.09 —12.64 and & 13.71 — 13.69 of the proton
of hydroxyl groups, in A-rings of isoflavone, in intramolecular hydrogen bonding
with the carbonyl group in the C-ring. Additionally, singlets with lower intensities
were observed in the range of & 11.19—-9.01, indicating the presence of the
hydroxyl group in position 4, ring C of 4-hydroxy-3-phenylcoumarins. In the '"H NMR
spectrum of E2 (Figure S4) were observed singlet signals between at 6 10.23 —9.93,
suggesting the presence of hydroxyl group (-OH), in position 4 of the C-ring of 4-
hydroxy-3-phenylcoumarins, among others. In addition, the most intense signals at
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d 743 -6.90; & 5.69, 6 6.90, 6 147, 6 517, & 3.33; 6 1.71 and & 1.79 and §
4.02 —3.92 indicated the majority presence of scandenin. These isoflavonoids sug-
gested a positive correlation between the phenolic contents and DPPH and ABTS
radical scavenging activity in the extracts (Table S4). These findings were in agree-
ment with the chemosystematics of the Deguelia genus, which must be related to
the presence of isoflavonoid derivatives, as indicated in the "H NMR data (Marques
et al. 2015; Lemes et al. 2019) and suggest that the antiprotozoal effect of the
extracts, especially against T. cruzi, should be mainly due to the presence of isofla-
vonoids, in these extracts, since the antiparasitic, antifungal and antibacterial poten-
tial of this class of compounds has already been reported in the literature
(Magalhaes et al. 2006; Al-Maharik 2019; Kalli et al. 2020; Chang et al. 2021; Pontes
et al. 2021; Ito et al. 2022).

The antioxidant defense system can be targeted by some antiprotozoal drugs,
which may interfere with the function of antioxidant enzymes such as catalase,
glutathione peroxidase or other targets. Polyphenolic compounds are recognized for
their ability to induce the production of reactive oxygen species (ROS) in host cells,
in infectious processes, and also in the protozoan cell [Fonseca-Silva et al. 2011;
Mohseni et al. 2022]. In view of the results obtained, studies on the mechanisms of
action of D. costata extracts and their polyphenolics should be conducted in the
future in order to set relationships between their antioxidant, antimicrobial and anti-
protozoal properties. However, the anti-T. cruzi and antileishmanial effects of scande-
nin are being reported for the first time in this work. In this way, given the anti-T.
cruzi effect obtained for scandenin, future studies should be encouraged to evaluate
the antiprotozoal effect of 4-hydroxy-3-phenylcoumarins derivatives, which are com-
pounds of rare occurrence in nature.

3. Experimental

The methodology is in the supplementary material.

4, Conclusion

The results suggested that scandenin showed antimicrobial potential, especially for S.
epdermidis and yeasts. In relation to antiprotozoal effect, scandenin and root extract
showed selectivity for amastigote forms of T. cruzi, associated with their low cytotox-
icity in uninfected macrophages. Thus, the study showed that isoflavonoids from the
D. costata are potential drug discovery candidates for the treatment of neglected and
infectious diseases.

Acknowledgements

The authors would like to thank the Coordenacao de Aperfeicoamento de Pessoal de Nivel
Superior, Fundacao de Amparo a Pesquisa do Estado da Bahia, Departamento de Ciéncias
Exatas e da Terra | -UNEB and Laboratério Baiano de Ressonancia Magnética Nuclear da Bahia
- UFBA.


https://doi.org/10.1080/14786419.2022.2140336
https://doi.org/10.1080/14786419.2022.2140336

NATURAL PRODUCT RESEARCH 5

Disclosure statement

The authors declare no conflict of interest.

Funding
CAPES;Funda??0 de Amparo ? Pesquisa do Estado da Bahia.

ORCID
Tanira Matutino Bastos http://orcid.org/0000-0001-5961-7572

References

Al-Maharik N. 2019. Isolation of naturally occurring novel isoflavonoids: an update. Nat Prod
Rep. 36(8):1156-1195.

Bortoluzzi AAM, Staffen IV, Banhuk FW, Griebler A, Matos PK, Ayala TS, da Silva EAA, Sarragiotto
MH, Schuquel ITA, Jorge TCM, et al. 2021. Determination of chemical structure and anti-
Trypanosoma cruzi activity of extracts from the roots of Lonchocarpus cultratus (Vell.) AM.G.
Azevedo & H.C. Lima. Saudi J Biol Sci. 28(1):99-108.

Chang SK, Jiang Y, Yang B. 2021. An update of prenylated phenolics: food sources, chemistry
and health benefits. Trends Food Sci Technol. 108:197-213.

Cuellar JE, Martinez J, Rojano B, Gil JH, Durango D. 2020. Chemical composition and antioxidant
and antibacterial activity of Platymiscium gracile Benth.: a species threatened by extinction. J
King Saud Univ - Sci. 32(1):702-708.

de Almeida TL, Monteiro JA, Lopes GKP, Chiavelli LUR, Silvana SM, Da Silva CC, Kaplum V,
Scariot DB, Nakamura CV, Ruiz ALTG, et al. 2014. Estudo quimico e atividades antiproliferativa,
tripanocida e leishmanicida de Maxillaria picta [Chemical study and antiproliferative, trypanici-
dal and Leishmanicidal activities of Maxillaria pictal. Quim Nova. 37(7):1151-1157.

do Nascimento MNG, Machado MM, Scalon CLC, d, Souza SP, Goulart LR, d, Souza ST, Gomes
MCH, de Morais SAL, Pivatto M. 2020. Antimicrobial and cytotoxic activities of Senna and
Cassia species (Fabaceae) extracts. Ind Crops Prod. 148:112081.

Erhabor JO, Omokhua AG, Ondua M, Abdalla MA, McGaw LJ. 2020. Pharmacological evaluation
of hydro-ethanol and hot water leaf extracts of Bauhinia galpinii (Fabaceae): a South African
ethnomedicinal plant. South African J Bot. 128:28-34.

Fonseca-Silva F, Inacio JDF, Canto-Cavalheiro MM, Almeida-Amaral EE. 2011. Reactive oxygen
species production and mitochondrial dysfunction contribute to quercetin induced death in
Leishmania amazonensis. PLoS One. 6(2):e14666.

Ito C, Matsui T, Miyabe K, Hasan CM, Rashid MA, Itoigawa M. 2022. Four new isoflavones from
Derris scandens and their in vitro antiproliferative effects. Nat Prod Res. 36(6):1448-1453.

Kalli S, Araya-Cloutier C, de Bruijn WJC, Chapman J, Vincken JP. 2020. Induction of promising
antibacterial prenylated isoflavonoids from different subclasses by sequential elicitation of
soybean. Phytochemistry. 179:112496.

Lemes BB, da Silva Miguéz L, Santos RL, da Rocha Bastos Serafim JC, Figueiredo JMR, Tavares IF,
de Godoi Pereira M, de Jesus Marqués E, da Silva Ramos F, El-Bacha RS, et al. 2019. Two new
prenylated isoflavones from Deguelia costata. Phytochem Lett. 30:181-185.

Magalhaes AF, Tozzi AMGA, Magalhaes EG, de Souza-Neta LC. 2006. New prenylated metabolites
of Deguelia longeracemosa and evaluation of their antimicrobial potential. Planta Med. 72(4):
358-363.

Marques EdJ, Serafim JC, da RB, Lemes BB, Carvalho MFA, Pereira M de G, de Souza Neta LC.
2015. Occurrence and distribution of polyphenolics in species of Deguelia (Leguminosae). J
Microb Biochem Technol. 07(06):327-333.



6 (&) R.LOPES SANTOS ET AL.

Mohseni F, Sharifi I, Oliaee RT, Babaei Z, Mostafavi M, Almani PGN, Keyhani A, Salarkia E, Sharifi
F, Nave HH, et al. 2022. Antiproliferative properties of Turmerone on Leishmania major: modes
of action confirmed by antioxidative and immunomodulatory roles. Comp Immunol Microbiol
Infect Dis. 84:101797.

Newman DJ, Cragg GM. 2020. Natural products as sources of new drugs over the nearly four
decades from 01/1981 to 09/2019. J Nat Prod. 83(3):770-803.

Pontes MDCND, Torres-Régo MD, Aquino AKSD, Aquino NC, Teles YCF, Ximenes RM, Monteiro
HSA, Silveira ER, Aratjo RM. 2021. Harpalyce brasiliana Benth: a prolific source of bioactive fla-
vonoids with antiophidic potential. Phytochem Lett. 41:158-167.

Santos SS, de Araujo RV, Giarolla J, Seoud OE, Ferreira El. 2020. Searching for drugs for Chagas
disease, leishmaniasis and schistosomiasis: a review. Int J Antimicrob Agents. 55(4):105906.
Tamfu AN, Sawalda M, Fotsing MT, Kouipou RMT, Talla E, Chi GF, Epanda JJE, Mbafor JT, Baig
TA, Jabeen A, et al. 2020. A new isoflavonol and other constituents from Cameroonian prop-
olis and evaluation of their anti-inflammatory, antifungal and antioxidant potential. Saudi J

Biol Sci. 27(6):1659-1666.

World Health Organization. 2021a. Leishmaniasis. [accessed 2021 Apr 22]. https://www.who.int/
healthtopics/leishmaniasis#tab=tab_1.

World Health Organization. 2021b. Chagas disease (American trypanosomiasis). [accessed 2021
Apr 22]. https://www.who.int/healthtopics/chagas-disease#tab=tab_1.


https://www.who.int/healthtopics/leishmaniasis#tab=tab_1
https://www.who.int/healthtopics/leishmaniasis#tab=tab_1
https://www.who.int/healthtopics/chagas-disease#tab=tab_1

	Abstract
	Introduction
	Results and discussion
	Experimental
	Conclusion
	Acknowledgements
	Disclosure statement
	Funding
	Orcid
	References


