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ABSTRACT

Vitex cymosa Bertero ex Spreng., a species that belongs to Lamiaceae family, is known for producing
iridoids and flavonoids, which exhibit therapeutic properties, including antioxidant and antimicrobial activities.
Since several bacteria strains are developing resistance to the commercially available antibiotics it is of great
importance to perform bioprospection studies aiming to evaluate plant extracts and isolate the active substances.
This research evaluated V. cymosa extracts against Staphylococcus aureus and against the bioindicator Artemia
salina and fractionated the methanolic extract of its flowers and fruits. The results demonstrated that the hexane
and methanolic extracts from the branches, leaves, and flowers/fruits of V. cymosa inhibited S. aureus growth
up to 93% and they were non-toxic against A. salina. Fractionation of the methanolic extract of the flowers/fruits
led to the isolation of the flavone ayanin, a compound with various biological applications. This is the first report
of the isolation of ayanin in the genus Vitex. These findings support further studies on V. cymosa, particularly in

the context of developing new antibiotic agents.
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INTRODUCTION

The Amazon region is home to approximately
50.000 reported plant species (Nascimento and
Cardoso 2017). Among this diversity, it is the Vitex
genus (Lamiaceae), which consists of trees or
shrubs distributed across tropical and subtropical
regions. Various species within this genus exhibit
significant chemical potential due to the presence of
flavones, steroids, and terpenes, as well as biological
potential through antimicrobial, wound-healing, anti-
inflammatory and insecticidal activities (Meena et
al. 2011).

The species Vitex cymosa Bertero ex
Spreng., commonly known as ‘tarumeiro’, ‘taruma-
de-inundada’, ‘taruma-guacgu’, ‘taruma-de-igap¢’
and ‘jaramantaia’, plays a significant role in the
bioprospecting of substances with biological
activity. Phytochemical studies conducted on V.
cymosa have led to the isolation of steroids such as
26-hydroxypinatasterone and 20-hydroxyecdysone;
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iridoids including tarumal, viteoid I, and agnuside;
3,5-dicaffeoylquinic acid; and flavonoids such as
kaempferol, 3'-O-methyl-luteolin, luteolin, isoorientin,
vitexin, isovitexin, 2”-O-caffeoyl-orientin, and 2”-O-p-
hydroxybenzoyl-orientin (Corréa 1984; Almeida
1998; Santos et al. 2000; Santos et al. 2001; Lorenzi
2002; Leitao et al. 2008).

Among the biological properties exhibited by
the extracts of V. cymosa are larvicidal, insecticidal,
antinociceptive, and antioxidant activities, as well
as antimicrobial action against Candida albicans,
C. guilliermondii, C. parapsilosis, Cryptococcus
neoformans, Trichophyton rubrum, Fonsecaea
pedrosoi, Lactobacillus casei, Streptococcus mutans
and Staphylococcus aureus (Fonseca et al. 2006;
Garcez et al. 2009; Leitdo et al. 2011; Oliveira et al.
2012; Meza et al. 2021).

The discovery of antimicrobial substances
is becoming increasingly necessary, as the control
of various infectious diseases is primarily achieved
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through the use of antibiotic substances. However, a
significant issue that has intensified is the resistance
to these medications. Among the bacteria that have
shown multidrug resistance is S. aureus, commonly
found on the skin and mucous membranes, which
can cause conditions ranging from simple infections
to death due to widespread infections (Mlynarczyk-
Bonikowska 2022).

In this context, plants offer a diversity of
substances that may exhibit antimicrobial activity.
It is essential to evaluate different approaches and
study the chemical and biological potentials of plant
species to discover new antibiotic agents. Therefore,
this study evaluated the antimicrobial activity of V.
cymosa extracts against S. aureus and their toxic
potential against the bioindicator Artemia salina and
fractionating the extract of interest.

MATERIAL AND METHODS
Collection of plant material and preparation of
the extracts

Branches, leaves, flowers, and fruits of Vitex
cymosa were collected on Marchantaria Island, on
the shores of Cataldao Lake, AM, in June 2009. The
collection was register at the Sistema Nacional de
Gestao do Patrimdnio Genético e do Conhecimento
Tradicional Associado (National Management
System for Genetic Heritage and Associated
Traditional Knowledge) (SisGen/MMA) under the
number AB9065F. An exsicata was deposited in the
herbarium of the National Institute of Amazonian
Research (INPA) under registration number 259190.

The plant material was dried in an oven at
50 °C for approximately 2 days and subsequently
crushed in a mill of knives for the subsequent
preparation of the extracts. Plant material from
flowers and fruits were gathered to prepare the
extracts. Extracts were prepared with solvents of
increasing polarity (hexane and methanol), using
an ultrasonic bath (Unique®, model USC-2800, US
Frequency: 40 kHz) for 20 min in each extraction
(totaling 3 extractions, in the proportion of 1 g of
plant material to 3 ml of solvent). The extracts were
concentrated in a rotary evaporator (Fisatom, model
550) at a temperature of <50 °C.

Biological evaluation of extracts
Toxicity test against Artemia salina Leach

For the toxicity test, concentrations of 1000,
500, 250, 125, 62.5, and 31.25 pg/ml of hexane and
methanolic extracts of leaves and branches were
analyzed. A saline solution containing 38 g of sea
salt per liter of distilled water was prepared, and 10
mg of A. salina cysts were added to this solution.
The cysts were kept under artificial light for 48 h
at 27 + 2 °C. After hatching, the brine shrimp were

exposed to extracts.

The test was performed in a 24-well culture
plate (10 individuals per well, in triplicate for each
concentration). A 5% DMSO solution was used as
a negative control. The plates were stored at 27 +
2 °C under artificial light for 24 h. After this period,
the number of surviving individuals was evaluated.

Antibacterial evaluation against Staphylococcus
aureus

The hexane and methanolic extracts of
branches, leaves and fruits/flowers were analyzed
using the minimum inhibitory concentration (MIC)
method, in liquid medium, employing the microdilution
technique, against S. aureus (ATCC 12600). To
conduct the assay, the test microorganisms were
initially cultured in Mueller — Hinton broth and
incubated for 16 to 24 h for reactivation.

For the test, the inoculum was adjusted in a
spectrophotometer to obtain an absorbance of 0.08
at 625 mm (equivalent to the 0.5 McFarland scale),
which was then diluted 20 times. Thus, the final
concentration of bacteria applied to each well was
approximately 5 x 104 colony forming units (CFU).

The extracts were solubilized in 5% DMSO.
Subsequently, 10 pg of the inoculum solution and 90
Mg of extracts at the concentration to be tested were
added to each well of a 96-well microplate.

For the negative control, 95 ug of Mueller
— Hinton broth containing 5% DMSO and 5 ug of
inoculum were used. For the positive control, 90 ug
of the antibiotic oxytetracycline at a concentration of
125 pg/ml and 10 pg of inoculum were used. Extracts
were evaluated at concentrations ranging from 1000
to 15.62 pg/ml. All tests were performed in triplicate.

The plate was incubated at 37 °C for
18 to 24 h and subsequently evaluated through
spectrophotometric reading at 625 nm, using the
dye triphenyl tetrazolium chloride. Wells without cell
growth maintained their translucent color, while those
with growth appeared pink. The absorbances were
analyzed using Excel, comparing the percentage of
inhibition of the extracts using means and standard
deviations. The absorbance value of the negative
control was established as 100%, and the inhibition
of the extracts was calculated using the formula:
mean absorbance value*100/absorbance value of
the negative control.

Chemical fractionation and ayanin isolation
Initially, the methanolic extract (MeOH)
of V. cymosa flowers/fruits was partitioned using
dichloromethane (DCM) and ethyl acetate (EtOAc).
3 g of the methanolic extract of the leaves were
solubilized in 100 ml of a MeOH/H,O solution (1:1,
v/v), with the material placed in a separation funnel.
The partition was performed in a 1:1 ratio, repeated




four times with DCM; the hydromethanolic phase
obtained was again partitioned with EtOAc, following
the same proportion and repetition of extractions
(1:1, vlv, 4x). The DCM and EtOAc phases were
concentrated in a rotary evaporator under reduced
pressure at 50 °C.

The DCM phase was fractionated using a
silica filter column (funnel with sintered plate, 600
ml), with 224 mg of sample for 140 g of silica. The
following elution systems were used: hexane 100%,
hexane/DCM 1:1, DCM 100%, DCM/ EtOAc 1:1,
EtOAc 100%, EtOAc/MeOH 1:1 and MeOH 100%.

Fractions 4 and 5 showed similarity in
thin layer chromatography (TLC) analysis, so they
were combined and fractionated in an open silica
chromatographic column (57 x 1,5 cm), with 80 mg of
sample for 80 g of silica, using a gradient from DCM
to EtOAc, EtOAc 100% and gradient from EtOAc to
MeOH, ending in 100% MeOH. 69 fractions were
obtained, analyzed by TLC and grouped according
to similarity. Fractions 19-21 were analyzed by TLC
(100% DCM elution system and UV developers 254
and 365 nm and sulfuric anisaldehyde), indicating the
presence of a major substance, so the fraction was
subjected to analysis by 'H and *C NMR (DMSO-d,
Bruker Fourier 300 equipment, operating at 300
MHz) and mass spectrometry (ESI-TOF Mass
Spectrometer, Bruker Daltonics, operating in positive
and negative mode).

RESULTS
Biological evaluation of extracts

The extracts of V. cymosa did not exhibit
toxicity against the bioindicator A. salina. However,
the hexane extracts of the leaves, branches, and
flowers/fruits, at a concentration of 1000 ug/ml,
demonstrated high antibacterial activity against
Staphylococcus aureus (93.3, 74.6, and 88.1%
inhibition, respectively). The methanol extracts of
the leaves and branches also showed high activity
at a concentration of 1000 ug/ml, inhibiting the
growth of S. aureus by 92.7 and 89%, respectively.
Table 1 presents the inhibition values observed for

the different extracts evaluated at concentrations of
1000, 500, and 250 ug/ml.

Fractionation and isolation of ayanin

The TLC analysis of the dichloromethane
phase, derived from the methanolic extract of flowers/
fruits, revealed the presence of terpenes using
Ce(S0,), as a developer, phenolic substances with
ferric chloride, and indications of flavonoids through
the intensification of fluorescent bands under UV light
at 365 nm after the application of aluminum chloride.

Fractions 19 to 21 were analyzed by TLC,
indicating the presence of a major substance with
absorption at UV 254 nm and revealing a yellow
coloration with anisaldehyde. Due to their similarity,
the fractions were combined and analyzed by 'H
NMR (Figure 1).

Based on the analysis of the 'H NMR
spectrum, in CDCI,, of fraction 19-21, three signals of
methoxyl hydrogens were observed at (& IN PPM) &
3.86 (s, 3H); 3.87 (s, 3H) and 3.99 (s, 3H) (Figure S1,
Supplementary Material). At & 12.62, a characteristic
signal of chelated hydroxyl hydrogens was observed,
along with characteristic signals of aromatic
hydrogens in the range of & 6.3 to 8.0 (Figure S2,
Supplementary Material). These included a doublet
at 8 6.34 (J = 2.2 Hz) and a doublet at d 6.44 (J
= 2.2 Hz), suggesting, according to the coupling
constants, that the respective hydrogens are in the
meta position. Additionally, a double doubletatd 7.72
(J=8.6 and 2.2 Hz) and two doublets at  6.97 (J =
8.6 Hz) and 8 7.69 (J = 2.2 Hz) were observed, with
ortho and meta coupling constants, respectively.

The analysis of the two-dimensional HSQC,
HMBC, and COSY spectra and the data obtained
from the 'H NMR spectrum are presented in Table
2. Based on the literature review (Nantapap et al.
2017; Adewole et al. 2022), it was found that the
major substance in the fraction is the flavonoid
5,3’-dihydroxy-3,7,4’-trimethoxyflavone (ayanin) (1).
The mass spectrometric analysis showed m/z value
of 344, confirming the molecular formula C H,,O, for
the major constituent, which is consistent with the
proposed structure.

Table 1. Percentage of Staphylococcus aureus growth inhibition under the interference of hexane and methanolic
extracts of Vitex cymosa.

74.6 93.3

5.80 42.3

17.9 21.9

C+: potassium dichromate (100 pg/ml).
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Figure 1. 'H-NMR spectra and TLC silica chromatoplates of fraction 19-21 (CDCI,, 300 MHz)

Table 2. 'H and »C NMR, HSQC, HMBC and COSY data of ayanin, compared to literature (CDCI,, 300 MHz).

6.34 (d, 1H, J=2.2 Hz) . C-5; C-7; C-8; C-10

6.44 (d, 1H, J = 2.2 Hz) . C-6; C-7; C-9; C-10
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7.69 (d, 1H, J = 2.24 Hz) . C-2; C-3; C-4'; C-6’
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6.97 (d, 1H, J = 8.6 Hz) . C1; C-3; C-4
6’ 7.72 (dd, 1H, J = 8.6; 2.24 Hz) . C-2’
3-OCH, 3.86 (s, 3H) . C-3
7-OCH, 3.87 (s, 3H) . C-7
4'-OCH, 3.98 (s, 3H) . C-4
5-OH 12.62 (s, 3H) - C-5; C-6; C-7; C-10
3'-OH 5.75 (s, TH) - -
*Adewole et al. (2022), analysis carried out in CDCI,, data from 'H (400 MHz) and *=C (100 MHz).
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DISCUSSION

This is the first report of ayanin in V. cymosa,
however, this molecule has previously been isolated
from several other botanical genera and families,
such as Spiranthes (Orchidaceae), Kaempferia
(Zingiberaceae), Rhynchosia (Fabaceae), Polyalthia
(Annonaceae), Acer (Sapindaceae), Cordia
(Boraginaceae), Pulicaria (Asteraceae) (Park et
al. 2006; Correia Da Silva 2010; Triana et al. 2011;
Nantapap et al. 2017; Zou et al. 2021; Adetola et al.
2022; Anh Van et al. 2023).

Among the activities described for ayanin is
the inhibition of interleukin-4 production by basophils,
suggesting potential anti-allergic activity and possible
use in the treatment of allergic asthma (Hirano et
al. 2006; Kawai et al. 2007). Additionally, ayanin
is a potent inhibitor of breast cancer resistance
protein (BCRP), and exhibits neuroprotective,
antineuroinflammatory, hepatoprotective,
antimelanogenesis, and antiretroviral activities,
through the inhibitory action on the proliferation of
feline foamy virus (FFV) (Lee et al. 2010; Pick et al.
2011; Chaipech et al. 2012; Li et al. 2016; Ninomiya
etal. 2016; Lee et al. 2017). Furthermore, ayanin has
demonstrated antimicrobial activity against Candida
albicans and inhibition of virulence factors of S.
aureus, making this flavone a potential therapeutic
agent against infections (Adewole et al. 2022; Jin
et al. 2023).

The search for antimicrobial agents remains
a constant goal of the pharmaceutical industry, given
the resistance developed by numerous bacteria to
currently available drugs. Both V. cymosa extracts
and the flavonoid ayanin have shown potential to
inhibit the growth of S. aureus, a promising result
since among the bacterial pathogens that present
multidrug resistance, S. aureus is one of the most
common multidrug-resistant bacterial pathogens,
causing serious infections (Jin et al. 2023).
Considering that bacterial mutations occur at a much
faster rate than the discovery of new antibiotics, the
search for anti-infectious substances is essential in
research into the chemistry of natural products.

The chemical and biological
prospecting of V. cymosa revealed a high antimicrobial
potential of the species against S. aureus, with
the isolation of ayanin from the fruits/flowers
being reported for the first time. This was the first
phytochemical study and evaluation of antibacterial
and toxic activities from specimens of V. cymosa
collected in the northern region, contributing to the
scientific knowledge of the species. Further studies
should be conducted to isolate and identify the
substances responsible for the antibacterial activity
exhibited by the extracts of V. cymosa.

ACKNOWLEDGMENTS

The authors would like to thank to
Conselho Nacional de Desenvolvimento Cientifico
e Tecnoldgico (grants 405804/2013-0, 309704/2022-
7), Coordenacao de Aperfeigoamento de Pessoal de
Nivel Superior (grants 3252/2013), and Fundagao de
Amparo a Pesquisa do Estado do Amazonas (grants
01.02.016301.03383/2021-44) for the financial
support and scholarships.

AUTHORS’ CONTRIBUTIONS
Conceptualization: JIMS and CVN;
methodology: JIMS and MCS; formal analysis:
JIMS, MCS, LML, and CVN; investigation: JIMS
and MCS; writing - original draft preparation: JIMS;
writing - review and editing: LML and CVN; project
administration: CVN; funding acquisition: CVN. All
authors read and approved the final manuscript.

CONFLICT OF INTEREST
The authors have no conflict of interest to
declare.

REFERENCES

Adewole AH, Famuyide IM, McGaw LJ, Selepe MA,
October N (2022) Antifungal compounds from the
leaves of Rhynchosia minima. Chem Biodivers
19(12):€202200837. https://doi.org/10.1002/
cbdv.202200837

Almeida SP (1988) Cerrado: aproveitamento alimentar.
Planaltina: EMBRAPA Centro de Pesquisa Agropecuaria
dos Cerrados, Brasilia. 188 p.

Anh Van C, Duc DX, Son NT (2024) Kaempferia
diterpenoids and flavonoids: An overview on
phytochemistry, biosynthesis, synthesis, pharmacology,
and pharmacokinetics. Med Chem Res 33(1):1-20.
https://doi.org/10.1007/s00044-023-03169-w

Chaipech S, Morikawa T, Ninomiya K, Yoshikawa
M, Pongpiriyadacha Y, Hayakawa T, Muraoka O
(2012) Structures of two new phenolic glycosides,
kaempferiaosides A and B, and hepatoprotective
constituents from the rhizomes of Kaempferia parviflora.
Chem Pharm Bull 60:62-69. https://doi.org/10.1248/
cpb.60.62

Corréa MP (1984) Dicionario das plantas uteis do Brasil
e das exoticas cultivadas. Rio de Janeiro: IBDF. v.4.

Correia Da Silva TB, Souza VKT, Da Silva APF, Lyra Lemos
RP, Conserva LM (2010) Determination of the phenolic
content and antioxidant potential of crude extracts and
isolated compounds from leaves of Cordia multispicata
and Tournefortia bicolor. Pharm Biol 48(1):63-69. https://
doi.org/10.3109/13880200903046146

Fonseca EN, Figer A, Furtado DT, Lopes D, Alviano
DS, Alviano CS, Leitdo SG (2006) Analise quimica e
atividade antimicrobiana do 6leo essencial dos frutos de
Vitex cymosa Betero. Rev Bras Plant Med 8(4):87-91.




Garcez WS, Garcez FR, Silva LMGE, Hamerski L (2009)
Larvicidal activity against Aedes aegypti of some
plants native to the West-Central region of Brazil.
Bioresour Technol 6647-6650. https://doi.org/10.1016/].
biortech.2009.06.092

Hirano T, Higa S, Arimitsu J, Naka T, Ogata A, Shima Y,
Tanaka T (2006) Luteolin, a flavonoid, inhibits AP-1
activation by basophils. Biochem Biophys Res Commun
340(1):1-7. https://doi.org/10.1016/j.bbrc.2005.11.157

Jin M, Zhu S, Tang Y, Kong X, Wang X, Li Y, Song
W (2023) Ayanin, a natural flavonoid inhibitor of
caseinolytic protease, is a promising therapeutic agent
to combat methicillin-resistant Staphylococcus aureus
infections. Biochem Pharmacol 217:115814. https://doi.
org/10.1016/j.bcp.2023.115814

Kawai M, Hirano T, Higa S, Arimitsu J, Maruta M, Kuwahara
Y, Tanaka T (2007) Flavonoids and related compounds
as anti-allergic substances. Allergol Int 56(2):113-123.
https://doi.org/10.2332/allergolint.R-06-135

Lee FP, Shih CM, Shen HY, Chen CM, Chen CM, Ko WC
(2010) Ayanin, a non-selective phosphodiesterase 1-4
inhibitor, effectively suppresses ovalbumin-induced
airway hyperresponsiveness without affecting xylazine/
ketamine-induced anesthesia. Eur J Pharmacol 635(1-
3):198-203. https://doi.org/10.1016/j.ejphar.2010.02.055

Lee GE, Kim J, Shin CG (2017) Antiviral activities of
hydroxylated flavones on feline foamy viral proliferation.
Appl Biol Chem 60:419-425. https://doi.org/10.1007/
$13765-017-0294-8

Leitdo SG, Fonseca EN, Santos TC, Franga F, Monache F
(2008) Caffeoylquinic acid derivatives from two Brazilian
Vitex species. Biochem Syst Ecol 36(4):312-315. https:/
doi.org/10.1016/j.bse.2007.09.004

Leitdo SG, Santos TC, Monache F, Matheus ME,
Fernandes PD, Marinho BG (2011) Phytochemical
profile and analgesic evaluation of Vitex cymosa
leaf extracts. Rev Bras Farmacogn 21(5). https://doi.
org/10.1590/S0102-695X2011005000160

LiB,Lee DS, Lee M, Sung SH, Jeong GS (2016) Involvement
of heme oxygenase-1 induction in the cytoprotective and
neuroinflammatory activities of Siegesbeckia pubescens
isolated from 5, 3'-dihydroxy-3, 7, 4'-trimethoxyflavone in
HT22 cells and BV2 cells. Int Inmunopharmacol 40:65-
72. https://doi.org/10.1155/2012/128019

Lorenzi H (2002) Arvores brasileiras: manual de
identificagé@o e cultivo de plantas arboreas nativas do
Brasil. 2. ed. Nova Odessa: Plantarum. v. 2.

Meena AK, Niranjan US, Rao MM, Padhi MM, Babu R
(2011) A review of the important chemical constituents
and medicinal uses of Vitex genus. Asian J Tradit Med
6(2):54-60.

Meza Miranda ER, Samudio A, Ferreira F, Gdmez R, Rojas
B, Fernandez F, Priego Capote F (2021) Polyphenol
content and antioxidant capacity of the Taruma (Vitex
cymosa) tree and the potential health benefits. J Excip
Food Chem 12(4).

Mlynarczyk-Bonikowska B, Kowalewski C, Krolak-Ulinska
A, Marusza W (2022) Molecular mechanisms of drug
resistance in Staphylococcus aureus. Int J Mol Sci
23(15):8088. https://doi.org/10.3390/ijms23158088

Nantapap S, Punyanitya S, Nuntasaen N, Pompimon
W, Meepowpan P (2017) Flavones from aerial parts
of Polyalthia bullata and cytotoxicity against cancer
cell lines. Chem Nat Compd 53:762-763. https://doi.
org/10.1007/s10600-017-2114-0

Nascimento J, Cardoso E (2017) Interagao mutualistica
entre formigas e plantas de Duroia L. f.; Duroia saccifera
(Mart. ex Roem. & Schult) Hook. f. ex Schum e Duroia
hirsuta (Poepp.) K. Shum., na Amazdnia brasileira.
Agrarian Acad 4(7):306-313. https://doi.org/10.18677/
Agrarian_Academy_2017a30

Ninomiya K, Matsumoto T, Chaipech S, Miyake S,
Katsuyama Y, Tsuboyama A, Morikawa T (2016)
Simultaneous quantitative analysis of 12 methoxyflavones
with melanogenesis inhibitory activity from the rhizomes
of Kaempferia parviflora. J Nat Med 70:179-189. https://
doi.org/10.1007/s11418-015-0955-z

Oliveira TA, Ronchi-Teles B, Fonseca CRYV, Silva SLR,
Santos PA, Nunez CV (2012) Insecticidal activity of
Vitex cymosa (Lamiaceae) and Eschweilera pedicellata
(Lecythidaceae) extracts against Sitophilus zeamais
adults (Curculionidae). Emir J Food Agric 24(1):49-56.
https://doi.org/10.9755/ejfa.v24i1.10598

Park KM, Yang MC, Lee KH, Kim KR, Choi SU, Lee
KR (2006) Cytotoxic phenolic constituents of Acer
tegmentosum Maxim. Arch Pharm Res 29:1086-1090.
https://doi.org/10.1007/bf02969296

Pick A, Miller H, Mayer R, Haenisch B, Pajeva IK, Weigt
M, Wiese M (2011) Structure—activity relationships of
flavonoids as inhibitors of breast cancer resistance
protein (BCRP). Bioorg Med Chem 19(6):2090-2102.
https://doi.org/10.1016/j.bmc.2010.12.043

Santos TC, Monache TC, Leitdo SG (2000) Ecdysteroids
from two Brazilian Vitex species. Fitoterapia 72:215-220.
https://doi.org/10.1016/s0367-326x(00)00304-x

Santos TC, Schripsema J, Monache TC, Leitdo SG (2001)
Iridoids from Vitex cymosa. J Braz Chem Soc 12(6).
https://doi.org/10.1590/S0103-50532001000600012

Triana J, Lopez M, Pérez FJ, Leon F, Quintana J, Estevez
F, Bermejo J (2011) Secondary metabolites from two
species of Pulicaria and their cytotoxic activity. Chem
Biodivers 8(11):2080-2089. https://doi.org/10.1002/
cbdv.201000324

Zou M, Wang R, Yin Q, Liu L (2021) Bioassay-guided
isolation and identification of anti-Alzheimer’s active
compounds from Spiranthes sinensis (Pers.) Ames. Med
Chem Res 30(10):1849-1855. https://doi.org/10.1007/
s00044-021-02777-8




	_yv7tqa4cmwij
	_ysxds0pfivqr
	_964te9twsg2
	_b3ux5nvolftm
	_y9wdnn4g8kq
	_GoBack
	_Hlk73463063
	_Hlk49027120
	OLE_LINK16

