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Zika virus (ZIKV) infection is a global threat associated to neurological disorders in adults and microcephaly in
children born to infected mothers. No vaccine or drug is available against ZIKV. We herein report the anti-ZIKV
activity of 36 plant extracts containing polyphenols and/or triterpenes. ZIKV-infected Vero CCL-81 cells were
treated with samples at non-cytotoxic concentrations, determined by MTT and LDH assays. One third of the
extracts elicited concentration-dependent anti-ZIKV effect, with viral loads reduction from 0.4 to 3.8 log units.
The 12 active extracts were tested on ZIKV-infected SH-SY5Y cells and significant reductions of viral loads (in log
units) were induced by Maytenus ilicifolia (4.5 log), Terminalia phaeocarpa (3.7 log), Maytenus rigida (1.7 log) and
Echinodorus grandiflorus (1.7 log) extracts. Median cytotoxic concentration (CC50) of these extracts in Vero cells
were higher than in SH-SY5Y lineage. M. ilicifolia (IC50=16.8�10.3 μg/mL, SI=3.4) and T. phaeocarpa (IC50=

22.0�6.8 μg/mL, SI=4.8) were the most active extracts. UPLC-ESI-MS/MS analysis of M. ilicifolia extract led to the
identification of 7 triterpenes, of which lupeol and a mixture of friedelin/friedelinol showed no activity against
ZIKV. The composition of T. phaeocarpa extract comprises phenolic acids, ellagitannins and flavonoids, as
recently reported by us. In conclusion, the anti-ZIKV activity of 12 plant extracts is here described for the first
time and polyphenols and triterpenes were identified as the probable bioactive constituents of T. phaeocarpa
and M. ilicifolia, respectively.

Keywords: chemosystematic approach, Terminalia phaeocarpa, Maytenus ilicifolia, Zika virus inhibition, SH-SY5Y
cells.

Introduction

Zika virus (ZIKV) is a mosquito-borne Flavivirus trans-
mitted to subjects through the bite of infected female
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Aedes mosquitoes like Aedes aegypti and Aedes
albopictus, and other routes such as sexual contact,
blood transfusion, and vertical transmission during
pregnancy.[1] This infection gained prominence in
2015 when a massive ZIKV epidemic started in North-
east Brazil, followed by Rio de Janeiro, São Paulo, and
other Brazilian states.[2] The current incidence rate of
ZIKV in Brazil is estimated as 2.8 cases/100,000
inhabitants.[3] The virus continues to circulate in the
country, but the ongoing pandemic of SARS-CoV-2
probably causes a delay or subnotification of the
current number of cases.
The World Health Organization (WHO) declared the

ZIKV infection as a public health emergency of global
relevance in 2016, due to its association with the
occurrence of severe outcomes in humans, such as the
congenital Zika syndrome. In this condition, children
born to mothers infected during pregnancy present
several nervous system commitments, of which micro-
cephaly is the utmost severe manifestation.[4] A serious
disorder caused by ZIKV in adults is the Guillain-Barré
syndrome, characterized by peripheral neuropathy
associated with progressive paralysis and other neuro-
logical complications.[5]

There is currently neither a drug available to treat
ZIKV infection nor a vaccine to prevent it, despite the
relevant impact of this virus on human health, causing
severe social and economic burden, and its probable
expansion in the forthcoming years.[6] Plants may offer
a repository of bioactive compounds against ZIKV and
only a few publications have addressed this source so
far. Brazil is considered to host the largest plant
biodiversity on Earth, but the country also holds the
sad record of having the highest number of ZIKV
infections globally, and a whole generation of children
born with microcephaly. These facts have motivated
us to explore Brazilian plants in the search for species
active against ZIKV. Thus, we adopted a chemosyste-
matic approach for selecting plants containing poly-
phenols, triterpenes, and steroids, and tested in vitro
36 extracts in CCL-81 Vero cells infected with ZIKV,
along with some isolated compounds. Furthermore,
the active extracts had their effect on ZIKV replication
assayed in neuronal SH-SY5Y cells infected with ZIKV.
The two most active extracts had their chemical
composition investigated by UPLC-ESI-MS/MS analysis.

Results and Discussion

Thirty plant species belonging to seven distinct
families were selected for study, of which 36 extracts

were obtained from different anatomical parts (Ta-
ble 1). The occurrence of triterpenes, steroids, or
polyphenols – classes of compounds previously
reported to possess anti-ZIKV activity, as discussed
throughout the manuscript – was the chemosyste-
matic criteria adopted for plant selection. Besides, we
prioritized plants with reported anti-inflammatory
activity, since the antiviral effect of some natural
products has been assigned to the anti-inflammatory
responses induced in the host cells.[7,8] Eight com-
pounds and a mixture of triterpenes isolated from the
tested plant species, or selected by the same ap-
proach, were also assayed for their anti-ZIKV activity.
Cell viability assay is an important step to define

non-toxic concentrations of samples for antiviral test-
ing. It is particularly challenging for extracts, since
some constituents may interfere chemically with the
test system generating false positive results. The
cytotoxicity of the samples was herein evaluated in
Vero CCL-81 cells both by the MTT and the lactate
dehydrogenase (LDH) assays. The MTT assay disclosed
13 out of 36 extracts as cytotoxic (cell viability<70%)
at 90 μg/mL, but indicated absence of toxicity at
30 μg/mL (Figure S1, available as Supporting Informa-
tion).
The MTT assay may produce false positive results

for plant extracts or compounds with intrinsic reduc-
ing potential[9] and the LDH assay was used to confirm
the results. Seven cytotoxic extracts in the MTT assay
did not show toxicity in the LDH test (Figure S2). This
assay is less sensitive than the MTT test to detect early
cytotoxic events,[10] what may explain the observed
differences, in addition to possible false positive results
for MTT (Figure S1 and S2). Six Baccharis species and M.
ilicifolia were cytotoxic in both assays, confirming
previous toxicity data reported for some of them.[11,12]

Regarding the compounds, lupeol, ouratein D and
trans-aconitic acid were cytotoxic at 10 μM in the MTT
assay, but not in the LDH test (Figure S3A and S3B). Six
extracts showed cell viability above 100% in the MTT
assay (Figure S1), probably due to the interference of
phenolic compounds capable of reducing MTT into
formazan crystals by a chemical reaction independent
of the cell.[9] These extracts showed no cytotoxicity in
the sulforhodamine B assay (Figure S4).
The effect of the extracts and compounds on ZIKV

replication was initially tested on Vero CCL-81 cells.
The viability of cells infected by ZIKV with different
MOIs was assessed by the MTT (Figure 1A) and LDH
assays (Figure 1B). There were significant differences in
cell viability after ZIKV infection with MOIs of 0.3, 1,
and 3 in the presence of 0.3% v/v DMSO, when
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compared to the control cells. However, no significant
differences in the viral loads were observed between
the treatments, except for the groups ZIKV MOI of 3
and ZIKV+DMSO MOI of 3. The MOI of 1, which
induces ~75% of cell viability, was selected for the
antiviral assays (Figure 1C).
The extracts and a mixture of friedelin/friedelinol

were tested at 3, 10, and 30 μg/mL on Vero CCL-81
cells infected with ZIKV and after treatment cell
viability was measured by the MTT and LDH assays

(Figure 2 and 3, respectively). AH-D peptide, whose
antiviral activity has been demonstrated by in vitro
and in vivo assays, was used as a positive control.[13]

Twelve out of the 36 extracts (Figure 4) reduced viral
loads of treated cells in a concentration-dependent
manner (expressed as reduction of log units related to
the initial inoculum): B. calvescens (2.0 log), B. imbricata
(1.0 log), B. magnifica (0.4 log), B. opuntioides (0.4 log),
E. grandiflorus (3.8 log), M. acanthophylla (1.1 log), M.
ilicifolia (2.4 log, dichloromethane extract; 2.0 log,

Table 1. Plant extracts assayed in vitro on CCL-81 Vero cells infected with ZIKV.

Family Species Excicate number Part used Extract
number

Alismataceae Echinodorus grandiflorus (Cham. & Schltdl.) Micheli. BHCB107791 leaves 1
Apocynaceae Hancornia speciosa Gomes BHCB165298 steams 2

leaves 3
leaves 4

Asteraceae Baccharis altimontana G. Heiden et al. ECT5981 aerial parts 5
Baccharis brevifolia DC. ECT6259 leaves 6
Baccharis calvescens DC. ECT5549 leaves 7

stems 8
Baccharis dracunculifolia DC. RB777684 leaves 9
Baccharis hemiptera G. Heiden et al. ECT5982 aerial parts 10
Baccharis imbricata Malag. ECT5912 leaves 11
Baccharis intermixta Gardner ECT0355 leaves 12
Baccharis magnifica G. Heiden, Leoni & J.N.Nakaj. ECT5983 stems 13
Baccharis myriocephala DC. ECT6257 aerial parts 14
Baccharis opuntioides Mart. ex Baker ECT5987 aerial parts 15
Baccharis parvidentata Malag. ECT5984 leaves 16
Baccharis platypoda DC. ECT5974 leaves 17
Baccharis reticularia DC. ECT6262 leaves 18
Baccharis retusa DC. ECT6260 leaves 19
Baccharis serrulata (Lam.) Pers. ECT6213 aerial parts 20
Symphyopappus brasiliensis (Gardner) R.M.King & H.Rob. ECT5975 leaves 21
Symphyopappus lymansmithii B.L.Rob. ECT 5970 leaves 22

Celastraceae Maytenus acanthophylla Reissek HUESB7813 leaves 23
leaves 24

Maytenus ilicifolia Mart. ex Reissek FUEL21881 leaves 25
leaves 26

Maytenus rigida Mart. HUESB7056 roots 27
Maytenus truncata Reissek HUESB9311 leaves 28

Combretacae Terminalia phaeocarpa Eichler BHCB201083 leaves 29
Erytroxylaceae Erythroxylum deciduum A. St.-Hil BHCB115735 leaves 30

Erythroxylum tortuosum Mart. BHCB111065 leaves 31
Malvaceae Sida glaziovii K. Schum. PAMG45844 leaves 32
Ochnaceae Ouratea castaneifolia DC. BHCB50394 stems 33

leaves 34
Ouratea spectabilis Mart. ex Engl. BHCB48940 stems 35

leaves 36

All extracts were prepared by percolation with EtOH 96 °GL, except 3 (percolation with acetone/water 7 : 3), 4 (percolation with
AcOEt/MeOH 1 :1), 23 (decoction with water), 25 (percolation with DCM) and 26 (percolation with MeOH). BHCB=Herbarium of the
Universidade Federal de Minas Gerais; ECT=Herbarium of the Empresa Brasileira de Pesquisa Agropecuária, Clima Temperado, Rio
Grande do Sul; FUEL=Herbarium of the Universidade Federal de Londrina, Brazil; HUESB=Herbarium of the Universidade Estadual
do Sudoeste da Bahia, Brazil; PAMG=Herbarium of the Empresa de Pesquisa Agropecuária de Minas Gerais, Brazil; RB=Herbarium
of the Jardim Botânico do Rio de Janeiro, Brazil.

Chem. Biodiversity 2022, 19, e202100842

www.cb.wiley.com (3 of 15) e202100842 © 2022 Wiley-VHCA AG, Zurich, Switzerland

Wiley VCH Mittwoch, 13.04.2022

2204 / 242300 [S. 145/157] 1

 16121880, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202100842 by G

U
ST

A
V

O
 H

E
ID

E
N

 - C
A

PE
S , W

iley O
nline L

ibrary on [26/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.cb.wiley.com


methanol extract), M. rigida (2.4 log), M. truncata
(2.5 log), O. spectabilis (1.1 log), and T. phaeocarpa
(1.8 log). These extracts did not affect cell viability of
infected and treated cells, in comparison to the control
group (ZIKV+DMSO) (Figure 2 and 3). Besides, the
significant reduction of the viral loads of the treated
cells shows that the above-mentioned extracts exerted
antiviral effect (Figure 4).
As far as we know, there are no previous reports on

plant screening against ZIKV and the chemosystematic
approach adopted herein resulted in nearly 30% of
active extracts. The relevance of this finding can be
evaluated by comparison with other antiviral screen-
ings based on ethnopharmacological approaches for
plant selection. For instance, 13% and 11% of the
tested extracts were active against Herpes simplex
virus type 1[14] and type 2,[15] whereas 40% were found
to be active against Dengue virus serotypes 2 or 3.[16]

Therefore, the chemosystematic approach seems to be
a suited approach for selecting plants active against
ZIKV, since similar or higher percentage of active
extracts were here identified.
The anti-ZIKV activity of the above-mentioned

species is here described for the first time. It is possible
to infer that the activity of M. rigida, M. truncata and
M. ilicifolia can be attributed to triterpenes, which are
abundantly found in Maytenus species.[17] Polyphenols
can also be the antiviral compounds of the active
species, since their anti-ZIKV effect has been previously
reported. The aqueous extract of Psiloxylon mauritia-
num aerial parts inhibited ZIKV infection in Vero cells
at 100 μg/mL, decreasing by 2-log units the produc-
tion of infectious viral particles.[18] This extract is rich in
phenolic compounds such as gallic acid, quercetin and
kaempferol. The extract of Doratoxylon apetalum aerial
parts inhibited ZIKV infection in A549 cells in a
concentration dependent manner and promoted a 5-
log reduction of viral progeny at 100 μg/mL.[19] In its
turn, the 70% hydroethanolic extract of Phyllanthus
phillyreifolius leaves promoted a 3-log reduction of
ZIKV progeny at 250 μg/mL.[20] The 12 active extracts
disclosed in the present study were not cytotoxic and
showed significant antiviral effect, with ZIKV load
reduction ranging from 0.4 to 3.8 log units, when
tested at lower concentrations than the above-cited
literature data.
We also tested the anti-ZIKV activity of eight

compounds. None of them inhibited ZIKV replication
at the tested concentrations, and the viral load of the
treated and infected group remained like the control
group (ZIKV+DMSO) (Figure S5C). Although mansoin
A and ouratein D were inactive in the present work,

Figure 1. Standardization of ZIKV MOI in Vero CCL-81 cells. Cell
toxicity was assayed by the MTT (A) and LDH (B) methods. The
bars represent mean values� standard error of the mean (SEM),
where * P<0.05, ** P<0.01 versus cell control group. Viral load
(C) was determined by the viral lysis plate reduction test. The
bars represent median values, where * p<0.05 for ZIKV MOI 3
versus Z+D MOI 3. Dashed line=cell control, without ZIKV. Z+

D=ZIKV+DMSO.
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some other polyphenols have been reported to be
active against ZIKV, including houtuinoid B and tetra-
acetylhoutuinoid B,[21] quercetin-3-β-O-D-glycoside,[22]

isoquercitrin,[23] rutin and catechin,[24] resveratrol,[25]

naringenin,[26] ellagic acid,[27] delfinidine, epigallocate-
chin gallate, and pinocembrine, among others.[28,29]

Terpenes have been also described to possess anti-
ZIKV activity. Six terpenoids isolated from the hexane
extract of Stillingia loranthacea root bark exhibited
significant antiviral effects against ZIKV, evaluated in
Vero cells.[30] It is also possible to infer that triterpenes

different from lupeol, friedelin and friedelinol are the
bioactive compounds found in the dichloromethane
extract of M. ilicifolia, since these constituents were
inactive, or that they act synergistically with other
constituents of the extract.
The 12 active extracts in ZIKV-infected Vero CCL-81

cells were further tested in the human neuroblastoma
cell lines SH-SY5Y for their anti-ZIKV activity. ZIKV
efficiently infects SH-SY5Y cell cultures, and the effects
can be correlated with the neuropathological out-
comes of ZIKV in infected human adults.[31] The

Figure 2. Effect of extracts on the viability of ZIKV-infected Vero CCL-81 cells, assayed by the MTT method. See Table 1 for
identification of the extracts. Sample 37 is a mixture of friedelin and friedelinol (M1). The extracts and M1 were tested at 3 μg/mL
(light gray bars), 10 μg/mL (medium gray bars), and 30 μg/mL (black bars). The bars represent mean values�SEM, where * p<0.05,
** p<0.01, *** p<0.001 and **** p<0.0001 versus cell control group. Triton was employed as the positive control and DMSO as
the negative control. Dashed line=cell control, without extract and ZIKV.
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cytotoxicity of the extracts was tested by the MTT and
LDH assays and none of them reduced cell viability,
except B. imbricata at 30 μg/mL (Figure S6).
SH-SY5Y cells infected with ZIKV in the MOI of

0.001 resulted in cell viability around 60% by the MTT
assay, with no statistical difference among the viral
loads of the groups (Figure S7), and this MOI was
selected to perform the in vitro anti-ZIKV tests. This

MOI value is significantly lower than the MOIs of 1 and
10 previously reported for SH-SY5Y cells.[31,32] The
difference is probably due to the higher virulence of
the ZIKV clinical isolate used herein, in comparison to
the virus lines employed in the aforementioned
studies.
The extracts had their anti-ZIKV activity assayed in

SH-SY5Y cells at 3, 10, and 30 μg/mL, except for B.

Figure 3. Effect of extracts on the viability of ZIKV-infected Vero CCL-81 cells, assayed by the LDH method. See Table 1 for
identification of the extracts. Sample 37 is a mixture of friedelin and friedelinol (M1). The extracts and M1 were tested at 3 μg/mL
(light gray bars), 10 μg/mL (medium gray bars), and 30 μg/mL (black bars). The bars represent mean values�SEM, where * p<0.05,
** p<0.01, *** p<0.001 and **** p<0.0001 versus cell control group. Triton was employed as the positive control and DMSO as
the negative control. Dashed line=cell control, without extract and ZIKV.
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imbricata, tested at 0.3, 3, and 10 μg/mL. The results of
the MTT and LDH cytotoxicity assays are depicted in
Figure 5A and 5B, respectively. Significant reductions of
viral loads (expressed in log units) were induced by
the extracts of E. grandiflorus (1.7 log), M. ilicifolia
(dichloromethane extract; 4.5 log), M. rigida (1.7 log),
and T. phaeocarpa (3.7 log), when tested at 30 μg/mL
(Figure 6), while cell viability of infected and treated
cells was similar to the control group ZIKV+DMSO
(Figure 5A and 5B). Furthermore, the extracts of M.
ilicifolia and T. phaeocarpa reduced viral loads in a
concentration-dependent manner.

To the best of our knowledge, there are no
previous reports on the activity of plant extracts
against ZIKV-infected SH-SY5Y cells, thus highlighting
the relevance of the data herein presented. There are
few reports on the activity of natural products against
ZIKV-infected SH-SY5Y cells, comprising isoquercitrin
(assayed at 100 μM),[23] an omega-3-polyunsaturated
fatty acid (assayed at 12.5 μM),[32] and the bacterial
metabolite bafilomycin A1 (assayed at 10 nM).[33] Addi-
tionally, some natural products have been reported to
exert anti-ZIKV activity in other neuronal cells, includ-
ing chloroquine, assayed at 50 μM and 12.5 μM,

Figure 4. Effect of the tested extracts on the viral loads of ZIKV-infected Vero CCL-81 cells. See Table 1 for identification of the
extracts. The extracts were tested at 3 μg/mL (light gray bars), 10 μg/mL (medium gray bars), and 30 μg/mL (black bars). The bars
represent median values. Data were compared by Tukey’s test (ZIKV+ treated versus ZIKV+DMSO), where * p<0.05, ** p<0.01, ***
p<0.001 and **** p<0.0001. AH-D was employed as the positive control and DMSO as the negative control.
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respectively in human fetal neuronal stem cells[34] and
in mouse neurospheres,[35] in addition to betulinic acid
(assayed at 50 μM) in human neural progenitor
cells.[36]

The extracts of M. rigida, E. grandiflorus, M. ilicifolia
(dichloromethane), and T. phaeocarpa had their 50%
cytotoxic concentration (CC50) determined in Vero

CCL-81 and SH-SY5Y cells by the MTT assay. The CC50
values obtained in Vero CCL-81 cells were significantly
higher than those found for the SH-SY5Y lineage
(extracts 1, 25, 27 and 29; Table 2).
Despite being two immortalized cell lines, SH-SY5Y

cells are neuronal cells, more sensitive to xenobiotics,
and potentially more responsive to cell damage, thus

Figure 5. Effect of extracts on the viability of ZIKV-infected SH-SY5Y cells, assayed by the MTT (A) and LDH (B) methods. See Table 1
for identification of the extracts. The extracts were tested at 3 μg/mL (light gray bars), 10 μg/mL (medium gray bars), and 30 μg/mL
(black bars). The bars represent mean values�SEM, where * p<0.05, ** p<0.01, *** p<0.001 and **** p<0.0001 versus cell
control group. Triton was employed as the positive control and DMSO as the negative control. Dashed line=cell control, without
extract and ZIKV.

Chem. Biodiversity 2022, 19, e202100842

www.cb.wiley.com (8 of 15) e202100842 © 2022 Wiley-VHCA AG, Zurich, Switzerland

Wiley VCH Mittwoch, 13.04.2022

2204 / 242300 [S. 150/157] 1

 16121880, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202100842 by G

U
ST

A
V

O
 H

E
ID

E
N

 - C
A

PE
S , W

iley O
nline L

ibrary on [26/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.cb.wiley.com


explaining the observed difference. The 50% inhibitory
concentration (IC50) of M. ilicifolia (dichloromethane)
and T. phaeocarpa extracts were determined in SH-
SY5Y cells, as well as their selective index (SI=CC50/
IC50) since they elicited more significant reduction of
viral load. IC50 values of 16.8�10.3 μg/mL and 22.0�
6.8 μg/mL were obtained, respectively for M. ilicifolia
and T. phaeocarpa extracts, with corresponding SI of
3.4 and 4.8. SI values greater than 4 are recommended
for an antiviral compound[37] and therefore both
extracts should be considered promising sources of
antiviral constituents, since their fractionation is ex-
pected to afford compounds with higher selective
indexes.
The chemical composition of the two most active

species – T. phaeocarpa and M. ilicifolia – has been
previously investigated. The Brazilian endemic species
T. phaeocarpa is traditionally used as antidiabetic and
anti-inflammatory.[38] By using UPLC-ESI-MS/MS analy-
ses, we recently identified 38 phenolic compounds in
the ethanol extract of T. phaeocarpa leaves herein

tested.[39] The identified constituents were mainly
phenolic acids, ellagitannins and flavonoids, classes of
compounds widely distributed in Terminalia species.
Some of them have had their antiviral activity reported
against different viruses, like the hydrolysable tannins
casuarinin (from Terminalia arjuna) and chebulagic
acid.[40] Furthermore, several flavonoids and hydro-
lysable tannins isolated from Terminalia catappa leaves
(chebulinic acid, cyanidin, procyanidin, apigenin 8-C-
(2’-galloyl)-β-D-glycoside, apigenin 6-C-(2’-galloyl)-β-D-
glycoside, punicalin, and punicalagin) showed anti-HIV
activity.[41] It is feasible to suppose that the polyphe-
nolic compounds found in T. phaeocarpa extract may
be responsible for the anti-ZIKV activity elicited by the
extract.

M. ilicifolia is traditionally used in Brazil to treat
gastric ulcer and other gastrointestinal problems.[42] Its
chemical composition comprises mainly flavonoids,
triterpenes, and steroids.[17] The chemical composition
of the dichloromethane extract from M. ilicifolia leaves
was here investigated by UPLC-ESI-MS/MS aiming to

Figure 6. Effect of selected extracts on the viral loads of ZIKV-infected SH-SY5Y cells. See Table 1 for identification of the extracts.
The extracts were tested at 3 μg/mL (light gray bars), 10 μg/mL (medium gray bars), and 30 μg/mL (black bars), except for 11
(tested at 0.3, 3 and 10 μg/mL, respectively). The bars represent median values. Data were compared by Tukey’s test (ZIKV+ treated
versus ZIKV+DMSO), where * p<0.05, ** p<0.01, *** p<0.001 and **** p<0.0001. AH-D was employed as the positive control
and DMSO as the negative control.

Table 2. CC50 of the most active extracts against ZIKV on Vero CCL-81 and SH-SY5Y cell lines.

Plant species Extract number Part of the plant Extract CC50 (μg/mL, mean� sd)
Vero CCL-81 SH-SY5Y

Echinodorus grandiflorus 1 Leaves Ethanolic 398.1�26.4 96.8�17.3
Maytenus ilicifolia 25 Leaves Dichloromethane 158.9�17.3 57.2�16.7
Maytenus rigida 27 Roots Ethanolic >480 107.1�19.3
Terminalia phaeocarpa 29 Leaves Ethanolic >480 104.8�28.9
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detect triterpenes and steroids. The compounds were
identified based on their MS/MS fragmentation pattern
and comparison with reference compounds and
literature data.[43] The obtained data disclosed friede-
lin, friedelinol, amyrin, lupeol, betulinic acid and ursolic
acid as constituents of the extract (Table 3).
Lupeol has been described as active against

Dengue virus serotype 2 in Vero cells.[44] In its turn,
betulinic acid was active against ZIKV in human neural
progenitor cells[36] and against Dengue virus serotype
2 in Huh7, BHK-21, HepG2, HEK293T and Vero cell
lines.[45] β-amyrin has been reported to possess
antiviral activity against influenza A and Herpes
simplex virus,[46] whereas ursolic acid was shown to
elicit potent antiviral effect against Herpes simplex
virus, human immunodeficiency virus, and human
hepatitis C virus.[47,48] Therefore, it is also feasible to
assume that triterpenes might account for the anti-
ZIKV activity elicited by the dichloromethane extract of
M. ilicifolia. The phytochemical study of M. ilicifolia and
T. phaeocarpa will be carried out in the future to
isolate and unambiguously identify their anti-ZIKV
constituents.

Conclusion

The chemosystematic approach was shown to be
suited for selecting plant species with anti-ZIKV
activity, since approximately 30% of tested extracts
were active in ZIKV-infected Vero CCL-81 cells. SH-
SY5Y neuronal cells infected with ZIKV were less
responsive to treatment than the Vero CCL-81 lineage.
The extracts of M. ilicifolia (dichloromethane), T.
phaeocarpa, M. rigida and E. grandiflorus showed
significant anti-ZIKV activity in SH-SY5Y neuronal cells.
These extracts reduced viral load and cell death by
maintaining or increasing cell viability. It is possible to
infer that polyphenols and triterpenes are the bio-
active constituents, respectively of T. phaeocarpa and

M. ilicifolia, based on their occurrence in the species
and the antiviral activity reported for some of them.

Experimental Section

Selection of Plant Species

A chemosystematic approach was adopted for selecting
plants for study. A survey was carried out in Pubmed,
Scopus, and SciFinder databases to identify plant species or
plant genera for which the occurrence of polyphenols,
triterpenes and steroids have been reported, and whose
extracts were available in our laboratory extract collection.
Collection data for the selected species are listed in Table 4.

Preparation of Extracts

The tested extracts were available at the extract collection
of the Phytochemistry Laboratory, Faculty of Pharmacy,
UFMG, Brazil. In brief, each plant material was dried in a
ventilated oven, at<50°C. Portions (10 g) of the dried and
powdered material were extracted by percolation (3×
50 mL) with ethanol 96 °GL, except 3 (percolation with
acetone/water 7:3), 4 (percolation with AcOEt/MeOH 1:1),
23 (decoction with water; 10 g to 300 mL water), 25
(percolation with DCM) and 26 (percolation with MeOH)
(Table 1). Solvent was removed under reduced pressure in
a rotatory evaporator at<50°C. For the aqueous extract,
water was removed by lyophilization. The crude extracts
were kept in a desiccator, under vacuum, to eliminate the
residual solvent. The tested extracts are listed in Table 1,
along with the exsiccate numbers of the plants.

Chemicals

LC-MS grade acetonitrile and methanol were purchased
from Merck and DMSO from Synth. Deionized water was
obtained from a Milli-Q system (Millipore). Mansoin A (C1),
ouratein D (C2), dihydroisocumarin (C3), lupeol (C6), dulcitol
(C7), and L-(+)-bornesitol (C8), along with a mixture
friedelin/friedelinol (M1) were previously obtained by our

Table 3. Compounds putatively identified in M. ilicifolia dichloromethane extract by UPLC-DAD-ESI-MS/MS using MRM in positive
ionization mode.

Compound Collision energy (V) Retention time (min) [M+H]+ (m/z) Fragment ion (m/z)

Ursolic acid 20 10.01 457 203; 191
Betulinic acid 15 12.20 457 393; 287
Friedelin 32 19.72 427 409; 121; 109
Friedelinol 32 11.03 429 411; 109
Lupeol 32 18.86 427 409; 137; 109
Amyrin 32 22.53 427 409; 149.1; 134.9; 109

Chem. Biodiversity 2022, 19, e202100842

www.cb.wiley.com (10 of 15) e202100842 © 2022 Wiley-VHCA AG, Zurich, Switzerland

Wiley VCH Mittwoch, 13.04.2022

2204 / 242300 [S. 152/157] 1

 16121880, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202100842 by G

U
ST

A
V

O
 H

E
ID

E
N

 - C
A

PE
S , W

iley O
nline L

ibrary on [26/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.cb.wiley.com


Ta
bl
e
4.
Co
lle
ct
io
n
da
ta
of
pl
an
ts
sp
ec
ie
s
ev
al
ua
te
d
in
th
e
an
ti-
ZI
KV
sc
re
en
in
g.

Pl
an
t
sp
ec
ie
s

Pl
ac
e
of
co
lle
ct
io
n

D
at
e

Co
lle
ct
or

Id
en
tif
ic
at
io
n

Ba
cc

ha
ris

al
tim

on
ta

na
G
.H
ei
de
n
et
al
.

Ca
pa
ra
ó
N
at
io
na
lP
ar
k
(E
S/
M
G
)

07
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

br
ev

ifo
lia
D
C.

Se
rr
a
da
Ca
lç
ad
a
(M
G
)

06
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

ca
lv

es
ce

ns
D
C.

Se
rr
a
da
Ca
lç
ad
a
(M
G
)

06
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

dr
ac

un
cu

lif
ol

ia
D
C.

Se
rr
a
do

Ci
pó

(M
G
)

02
/2
01
1

G
us
ta
vo
H
ei
de
n

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

he
m

ip
te

ra
G
.H
ei
de
n
et
al
.

Ca
pa
ra
ó
N
at
io
na
lP
ar
k
(E
S/
M
G
)

07
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

im
br

ic
at

a
M
al
ag
.

Se
rr
a
da
Ca
lç
ad
a
(M
G
)

06
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

in
te

rm
ix

ta
G
ar
dn
er

Se
rr
a
do

Ci
pó

(M
G
)

06
/2
01
0

G
us
ta
vo
H
ei
de
n

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

m
ag

ni
fic

a
G
.H
ei
de
n,
Le
on
i

&
J.
N
.N
ak
aj
.

Ca
pa
ra
ó
N
at
io
na
lP
ar
k
(E
S/
M
G
)

06
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

m
yr

io
ce

ph
al

a
D
C.

Se
rr
a
da
Ca
lç
ad
a
(M
G
)

06
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

op
un

tio
id

es
M
ar
t.
ex
Ba
ke
r

Se
rr
a
da
Ca
lç
ad
a
(M
G
)

06
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

pa
rv

id
en

ta
ta
M
al
ag
.

Se
rr
a
da
Ca
lç
ad
a
(M
G
)

06
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

pl
at

yp
od

a
D
C.

Se
rr
a
da
Ca
lç
ad
a
(M
G
)

06
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

re
tic

ul
ar

ia
D
C.

Se
rr
a
da
Ca
lç
ad
a
(M
G
)

06
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ba
cc

ha
ris

re
tu

sa
D
C.

Se
rr
a
da
Ca
lç
ad
a
(M
G
)

06
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Ec
hi

no
do

ru
s

gr
an

di
flo

ru
s

(C
ha
m
.&
Sc
hl
td
l.)
M
ic
he
li.

Te
lê
m
ac
o
Bo
rb
a
(P
R)

11
/2
00
6

Lo
an
a
A
.P
.S
.J
oh
an
ss
on

Jo
ão
Re
na
to
St
eh
m
an
n
(U
FM
G
)

Er
yt

hr
ox

yl
um

de
ci

du
um

A
.S
t.-
H
il

Fl
or
es
ta
Es
ta
du
al
do

U
ai
m
ii,

O
ur
o
Pr
et
o
(M
G
)

10
/2
00
7

Jo
ão
Re
na
to
St
eh
m
an
n

Jo
ão
Re
na
to
St
eh
m
an
n
(U
FM
G
)

Er
yt

hr
ox

yl
um

to
rt

uo
su

m
M
ar
t.

Pa
rq
ue
da
A
er
on
áu
tic
a,
La
go
a
Sa
nt
a
(M
G
)

09
/2
00
7

Jo
ão
Re
na
to
St
eh
m
an
n

Jo
ão
Re
na
to
St
eh
m
an
n
(U
FM
G
)

H
an

co
rn

ia
sp

ec
io

sa
G
om

es
Pu
rc
ha
se
d
fr
om

Ca
te
dr
al
La
bo
ra
to
ry
(M
G
)

06
/2
01
0

Pu
rc
ha
se
d
fr
om

Ca
te
dr
al

La
bo
ra
to
ry
(M
G
)

Jo
ão
Re
na
to
St
eh
m
an
n
(U
FM
G
)

M
ay

te
nu

s
ac

an
th

op
hy

lla
Re
is
se
k

Je
qu
ié
,B
ah
ia
(r
ur
al
ar
ea
)

09
/2
01
6

D
ja
lm
a
M
en
ez
es
de
O
liv
ei
ra

Ri
ta
M
ar
ia
de
Ca
rv
al
ho
O
ka
no
(U
ES
B)

M
ay

te
nu

s
ili

ci
fo

lia
M
ar
t.
ex
Re
is
se
k

Sa
nt
a
Ca
ta
rin
a

06
/1
99
9

Pa
ul
o
G
.R
ib
ei
ro

Pa
ul
o
G
.R
ib
ei
ro
(IA
PA
R)

M
ay

te
nu

s
rig

id
a
M
ar
t.

Je
qu
ié
,B
ah
ia
(r
ur
al
ar
ea
)

09
/2
01
6

D
ja
lm
a
M
en
ez
es
de
O
liv
ei
ra

Ri
ta
M
ar
ia
de
Ca
rv
al
ho
O
ka
no
(U
ES
B)

M
ay

te
nu

s
tr

un
ca

ta
Re
is
se
k

Je
qu
ié
,B
ah
ia
(r
ur
al
ar
ea
)

09
/2
01
6

D
ja
lm
a
M
en
ez
es
de
O
liv
ei
ra

Ri
ta
M
ar
ia
de
Ca
rv
al
ho
O
ka
no
(U
ES
B)

O
ur

at
ea

ca
st

an
ei

fo
lia
D
C.

U
FM
G
ca
m
pu
s,
Be
lo
H
or
iz
on
te
(M
G
)

08
/1
99
9

Jú
lio
A
.L
om

ba
rd
i

Jú
lio
A
.L
om

ba
rd
i(
U
FM
G
)

O
ur

at
ea

sp
ec

ta
bi

lis
M
ar
t.
ex
En
gl
.

Pe
rd
iz
es
(M
G
)

09
/1
99
9

Jú
lio
A
.L
om

ba
rd
i

Jú
lio
A
.L
om

ba
rd
i(
U
FM
G
)

Si
da

gl
az

io
vi

iK
.S
ch
um

.
Pr
ud
en
te
de
M
or
ai
s

11
/1
99
8

M
itz
iB
ra
nd
ão

M
itz
iB
ra
nd
ão
(E
PA
M
IG
)

Sy
m

ph
yo

pa
pp

us
br

as
ili

en
si
s
(G
ar
dn
er
)

R.
M
.K
in
g
&
H
.R
ob
.

Ca
pa
ra
ó
N
at
io
na
lP
ar
k
(E
S/
M
G
)

07
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Sy
m

ph
yo

pa
pp

us
ly

m
an

sm
ith

ii
B.
L.
Ro
b.

Ca
pa
ra
ó
N
at
io
na
lP
ar
k
(E
S/
M
G
)

07
/2
01
8

G
er
al
do

W
.F
er
na
nd
es

G
us
ta
vo
H
ei
de
n
(E
m
br
ap
a)

Te
rm

in
al

ia
ph

ae
oc

ar
pa
Ei
ch
le
r

U
FM
G
ca
m
pu
s,
Be
lo
H
or
iz
on
te
(M
G
)

01
/2
01
7

Jo
ão
Re
na
to
St
eh
m
an
n

Jo
ão
Re
na
to
St
eh
m
an
n
(U
FM
G
)

Em
br
ap
a

=
Em
pr
es
a
Br
as
ile
ira
de
Pe
sq
ui
sa
A
gr
op
ec
uá
ria
;E
PA
M
IG

=
Em
pr
es
a
de
Pe
sq
ui
sa
A
gr
op
ec
uá
ria
de
M
in
as
G
er
ai
s;
IA
PA
R

=
In
st
itu
to
A
gr
on
ôm

ic
o
do

Pa
ra
ná
;

U
FM
G

=
U
ni
ve
rs
id
ad
e
Fe
de
ra
ld
e
M
in
as
G
er
ai
s;
U
ES
B

=
U
ni
ve
rs
id
ad
e
Es
ta
du
al
do

Su
do
es
te
da
Ba
hi
a.

Chem. Biodiversity 2022, 19, e202100842

www.cb.wiley.com (11 of 15) e202100842 © 2022 Wiley-VHCA AG, Zurich, Switzerland

Wiley VCH Mittwoch, 13.04.2022

2204 / 242300 [S. 153/157] 1

 16121880, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202100842 by G

U
ST

A
V

O
 H

E
ID

E
N

 - C
A

PE
S , W

iley O
nline L

ibrary on [26/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.cb.wiley.com


group as detailed in the Supporting Information (Figure S8).
All isolated compounds presented purity>95%, as attested
by chromatographic and NMR analyses. trans-Aconitic acid
(C4) and cis-aconitic acid (C5) were purchased from Sigma.

Cells and Virus Cultures

Vero cells ATCC CCL-81 were cultured in RPMI medium
supplemented with 10% fetal bovine serum (FBS) and
antibiotics, and SH-SY5Y cells ATCC CRL-2266 were grown
in DMEM/F-12 medium supplemented with non-essential
amino acids (1%), sodium pyruvate (1 mM), L-glutamine
(2 mM), 10% FBS, both kept at 37°C in a 5% CO2
atmosphere. A clinical isolate of ZIKV (HS-2015-BA-01;
access number www.ncbi.nlm.nih.gov/nuccore/KX520666)
was kindly provided by Prof. Sílvia Sardi, Universidade
Federal da Bahia, and used in the assays. It was propagated
in Aedes albopictus C6/36 cells (Rio de Janeiro Cell Bank
BCRJ 0343) and kept in a BOD incubator, at 28°C, in the
presence of L-15 medium supplemented with 2% FBS,
penicillin (100 units/mL), and streptomycin (100 μg/mL) at
37°C and 5% CO2, for 7 days. Cell supernatant obtained
from the infected cultures was centrifuged at 644 g for
10 min to remove cell debris from the cell culture and
concentrated using centrifugal filters Amicon (Ultracel®-
100 K).

Sample Preparation for Testing

Stock solutions of extracts and M1, stored at –20°C until
the day of the test, were prepared by diluting 2.0 mg of
each sample in 100 μL DMSO (20 mg/mL). Compounds C1-
C8 were diluted in DMSO to produce the stock solutions
(500 μM). They were diluted with RPMI to obtain the
working solutions, whose maxima DMSO concentration
was 0.3% v/v.

Viability Assays

Cell’s viability was assessed by the MTT and LDH assays,
performed with cells from three different cell passages,
each one carried out as experimental triplicates (n=9). The
MTT assay was undertaken as previously described,[49]

employing DMSO as negative control. Details of the assay
are available in the Supporting Information. Cell viability was
calculated from the ratio between the absorbances of
treated and untreated cells. Samples that gave cell viability
higher than 80% were considered non-toxic for the Vero
CCL-81 cell lines. CC50 values were determined for the
extracts that showed antiviral activity by non-linear
regression analysis of the concentration-response curves.
Data were analyzed using the GraphPad Prism 5.0 software

(GraphPad Software, Inc). CC50 was expressed as the
mean�standard deviation of three different experiments
carried out in triplicate (n=9).

The lactate-dehydrogenase (LDH) assay was carried out
using the Bioclin LDH Kit and Triton as the positive control.
To perform the assay, an aliquot (4 μL) of the supernatant
from each well was transferred to a 96-well microtiter plate
and 200 μL of the LDH reagent (reagent 1: buffered
substrate and reagent 2: coenzyme, in proportion 1:5) was
added. The absorbance was measured at 340 nm in a
microplate reader immediately after adding the LDH
reagent, and at 1, 3 and 4 min later. Cell viability was
calculated using the following equation (Bioclin LDH Kit):
Δ/min=[(Abs. 1st reading - Abs. 2nd reading)+(Abs. 3rd

reading - Abs. 4th reading)]/2×20794.34, where the number
is a correction factor given by the kit manufacturer.

The cytotoxicity of some selected extracts was assessed
by the sulforhodamine B (SRB) assay,[50] with modifications,
described in the Supporting Information. Cell viability was
calculated as described above for the MTT method.

ZIKV Inhibition Assay

The anti-ZIKV activity of the extract and compounds was
determined using a viral plaque reduction assay on Vero
CCL-81 cells for all samples and on SH-SY5Y cells for
selected samples. DMSO (0.3% v/v solution) and AH-D
(100 μM solution in DMSO 0.3% v/v solution) were
employed respectively as the negative and the positive
controls. This peptide was kindly provided by Prof.
Nanjoom Cho from Nanyang Technological University,
Singapore. All antiviral assays were performed in triplicate,
with three repetitions each (n=9).

The following groups were used in the assays: cells plus
medium; cells infected with ZIKV (MOI 1 and 0.001
respectively for Vero CCL-81 and SH-SY5Y cells); cells
infected with ZIKV and treated with the vehicle (DMSO
0.3% v/v); and cells treated with the sample solutions and
infected with ZIKV. The cells were distributed in a 96-well
microtiter plate, at a density of 1×105 cells/well and
incubated at 37°C with 5% CO2 for 24 h. Medium was
removed, and cells were immediately infected with 100 μL
of ZIKV (MOI 1 or 0.001). Then, plates were incubated at
37°C with 5% CO2 for 1 h to allow viral adsorption. In the
sequence, the medium containing ZIKV was removed, and
the cells were treated with 100 μL of the sample solutions,
followed by the addition of 100 μL of RPMI medium
supplemented with 2% FBS and incubation for 48 h at
37°C with 5% CO2. After this period, 100 μL of the
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supernatant was collected and immediately stored at –
80°C to perform the viral lysis plate reduction test. Cell
pellet was used to assess cell viability by the LDH and MTT
assays.

To assess the ability of samples to reduce the number
of ZIKV plaque forming units (PFU), Vero CCL-81 cells were
cultured in 24-well plates (5×105 cells/well) until reaching
90% confluence. Then, 300 μL of each serial dilution of the
supernatants (collected in the above-described antiviral
assay) prepared in RPMI without FBS supplementation was
added to the wells, whereas 300 μL of RPMI medium
without FBS was added as the cell control wells. After 1 h
adsorption at 37°C, with manual homogenization every
10 min, supernatant was removed and 1.0 mL RPMI
containing carboxymethyl cellulose (CMC) 1.6% v/v was
added to each well, followed by incubation at 37°C with
5% CO2. After 4 days, medium was removed and cells fixed
with 10% v/v formaldehyde solution for 2 h. After
discarding the supernatant, cell monolayer was stained
with a violet crystal solution (10% v/v buffered
formaldehyde and 1% w/v violet crystal). ZIKV lysis plates
were counted, and viral loads expressed as number of PFU/
mL. IC50 values on SH-SY5Y cells were calculated using the
GraphPad Prism 5.0 software for the extracts that showed
significant reduction in viral loads. The selectivity index (SI)
was calculated as the ratio between the median cytotoxic
concentration and the median inhibitory concentration
(SI=CC50/IC50).

Statistical Analysis

Results of the MTT and LDH assays are presented as
mean�standard error of mean (SEM), while viral loads are
expressed as medians. CC50 data were compared by
unidirectional ANOVA followed by Dunnett’s test (cell
control versus ZIKV+DMSO and/or ZIKV+treated; cell
control versus DMSO and/or treated) or by multiple
comparisons by Tukey’s test (ZIKV+treated versus ZIKV+

DMSO). P alues less than 0.05 (p<0.05) were considered
significant. GraphPad Prism version 5 was employed for
data tabulation and analysis.

Chemical Characterization of M. ilicifolia Active Extract

The chemical composition of M. ilicifolia dichloromethane
extract was characterized by UPLC-DAD-ESI-MS/MS using
electrospray ionization (ESI) source. Sample preparation,
equipment, and the protocol used in the analyses are
available as Supporting Information. The compounds were
identified by multiple reaction monitoring (MRM) in the
positive ionization mode, using precursor-to-product ion

transitions previously described for the reference
compounds.[43]

Acknowledgments

We thank Ilma Marçal and Tânia Colina (UFMG) for
technical support during the study. This work was
sponsored by grants from the Brazilian agencies CNPq
(421563/2018-4 to FCB; 440423/2016-13 to MMT; 425359/
2018-2 to VVC; 421375/2017-5 to GWF), CAPES
(88881.130741 to MMT), FAPEMIG (APQ-02281-18 to MMT)
and FINEP (01.16.0050.00 to MMT), in addition to ZIKAL-
LIANCE consortium (734548 to MMT). It was also supported
by the National Institute of Science and Technology in
Dengue and Host-microorganism Interaction (INCT
dengue/CNPq/FAPEMIG, 465425/2014-3 to MMT). A grant
from L’Oréal-UNESCO-ABC for Women in Science Program
is also acknowledged (VVC). We thank CAPES for PhD (RSP)
and research (MB) fellowships and CNPq for undergraduate
(GLMG) and research (DGS, FCB, GWF, MMT, VVC) fellow-
ships.

Author Contribution Statement

R.S.P., V.V.C., G.L.M.G., P.R.V.C., R.M.P., M.B.S.J., Y.O.,
G.H., G.W.F., D.M.O., D.G.S., M.M.T., F.C.B. participated
in the design of the study and drafted the manuscript.
R.S.P, P.R.V.C., R.M.P., M.B.S.J., Y.O., G.H., G.W.F., D.M.O.,
F.C.B. contributed with the selection the plants species
and collection of plants species. R.S.P, P.R.V.C., R.M.P.,
D.M.O., F.C.B. performed the obtaining of extracts and
isolated compounds. R.SP. and G.L.M.G. performed the
experiments of viability assays and antiviral activities.
R.S.P., V.V.C., P.R.V.C. carried out the statistical analyses.
R.S.P, P.R.V.C., R.M.P., F.C.B. performed the chemical
characterization of M. ilicifolia active extract. V.V.C.,
P.R.V.C., D.G.S., M.M.T., G.W.F., R.M.P., F.C.B critically
revised the manuscript. All authors gave final approval
for publication.

References
[1] F. A. Kurscheidt, C. S. S. Mesquita, G. M. Z. F. Damke, E.

Damke, A. R. B. A. Carvalho, T. T. Suehiro, J. J. V. Teixeira,
V. R. S. daSilva, R. P. Souza, M. E. L. Consolaro, ‘Persistence
and clinical relevance of Zika virus in the male genital
tract’, Nat. Rev. Urol. 2019, 16, 211–230.

[2] C. Zanluca, V. C. Melo, A. L. Mosimann, G. I. Santos, C. N.
Santos, K. Luz, ‘First report of autochthonous transmission

Chem. Biodiversity 2022, 19, e202100842

www.cb.wiley.com (13 of 15) e202100842 © 2022 Wiley-VHCA AG, Zurich, Switzerland

Wiley VCH Mittwoch, 13.04.2022

2204 / 242300 [S. 155/157] 1

 16121880, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202100842 by G

U
ST

A
V

O
 H

E
ID

E
N

 - C
A

PE
S , W

iley O
nline L

ibrary on [26/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.cb.wiley.com


of Zika virus in Brazil’, Mem. Inst. Oswaldo Cruz 2015, 110,
569–572.

[3] https://antigo.saude.gov.br/images/pdf/2020/August/31/
Boletim-epidemiologico-SVS-34.pdf; Accessed 23 June
2021.

[4] P. Brasil, J. P. Pereira, Jr., M. E. Moreira, R. M. Ribeiro No-
gueira, L. Damasceno, M. Wakimoto, R. S. Rabello, S. G.
Valderramos, U. A. Halai, T. S. Salles, A. A. Zin, D. Horovitz,
P. Daltro, M. Boechat, C. Raja Gabaglia, P. Carvalho de Se-
queira, J. H. Pilotto, R. Medialdea-Carrera, D. Cotrim da Cu-
nha, L. M. Abreu de Carvalho, M. Pone, A. Machado Si-
queira, G. A. Calvet, A. E. Rodrigues Baião, E. S. Neves, P. R.
Nassar de Carvalho, R. H. Hasue, P. B. Marschik, C. Einspiel-
er, C. Janzen, J. D. Cherry, A. M. Bispo de Filippis, K. Nielsen-
Saines, ‘Zika virus infection in pregnant women in Rio de
Janeiro’, N. Engl. J. Med. 2016, 375, 2321–2334.

[5] G. Li, S. Bos, K. A. Tsetsarkin, A. G. Pletnev, P. Desprès, G.
Gadea, R. Y. Zhao, ‘The roles of prM� E proteins in historical
and epidemic Zika virus mediated infection and neuro-
cytotoxicity’, Viruses 2019, 11, 157.

[6] F. Rombi, R. Bayliss, A. Tuplin, S. Yeoh, ‘The journey of zika
to the developing brain’, Mol. Biol. Rep. 2020, 47, 3097–
3115.

[7] J. P. Martinez, F. Sasse, M. Brönstrup, J. Diez, A. Meyerhans,
‘Antiviral drug discovery: broad-spectrum drugs from
nature’, Nat. Prod. Rep. 2015, 32, 29–48.

[8] S. Wichit, N. Gumpangseth, R. Hamel, S. Yainoy, S. Arikit, C.
Punsawad, D. Missé, ‘Chikungunya and Zika viruses: Co-
circulation and the interplay between viral proteins and
host factors’, Pathogens 2021, 10, 448.

[9] R. Bruggisser, K. von Daeniken, G. Jundt, W. Schaffner, H.
Tullberg-Reinert, ‘Interference of plant extracts, phytoestro-
gens and antioxidants with the MTT tetrazolium assay’,
Planta Med. 2002, 68, 445–448.

[10] G. Fotakis, J. A. Timbrell, ‘In Vitro cytotoxicity assays:
comparison of LDH, neutral red, MTT and protein assay in
hepatoma cell lines following exposure to cadmium
chloride’, Toxicol. Lett. 2006, 160, 171–177.

[11] L. G. Verdi, I. M. C. Brighente, M. G. Pizzolatti, ‘Gênero
Baccharis (Asteraceae): aspectos químicos, econômicos e
biológicos’, Quim. Nova 2005, 28, 85–94.

[12] P. M. Costa, P. M. Ferreira, V. da Silva Bolzani, M. Furlan,
V. A. de Freitas Formenton Macedo Dos Santos, J. Corsino,
M. O. de Moraes, L. V. Costa-Lotufo, R. C. Montenegro, C.
Pessoa, ‘Antiproliferative activity of pristimerin isolated
from Maytenus ilicifolia (Celastraceae) in human HL-60
cells’, Toxicol. In Vitro 2008, 22, 854–863.

[13] J. A. Jackman, V. V. Costa, S. Park, A. Real, J. H. Park, P. L.
Cardozo, A. R. Ferhan, I. G. Olmo, T. P. Moreira, J. L.
Bambirra, V. F. Queiroz, C. M. Queiroz-Junior, G. Foureaux,
D. G. Souza, F. M. Ribeiro, B. K. Yoon, E. Wynendaele, B.
DeSpiegeleer, M. M. Teixeira, N. J. Cho, ‘Therapeutic treat-
ment of Zika virus infection using a brain-penetrating
antiviral peptide’, Nat. Mat. 2018, 17, 971–977.

[14] H. Fortin, C. Vigor, F. Lohézic-LeDévéhat, V. Robin, B.
LeBossé, J. Boustie, M. Amoros, ‘In vitro antiviral activity of
thirty-six plants from la Réunion Island’, Fitoterapia 2002,
73, 346–350.

[15] L. A. Betancur-Galvis, G. E. Morales, J. E. Forero, J. Roldan,
‘Cytotoxic and antiviral activities of Colombian medicinal

plant extracts of the Euphorbia genus’, Mem. Inst. Oswaldo
Cruz 2002, 97, 541–546.

[16] R. Sood, R. Raut, P. Tyagi, P. K. Pareek, T. K. Barman, S.
Singhal, R. K. Shirumalla, V. Kanoje, R. Subbarayan, R.
Rajerethinam, N. Sharma, A. Kanaujia, G. Shukla, Y. K.
Gupta, C. K. Katiyar, P. K. Bhatnagar, D. J. Upadhyay, S.
Swaminathan, N. Khanna, ‘Cissampelos pareira Linn: natural
source of potent antiviral activity against all four Dengue
virus serotypes’, PLOS Negl. Trop. Dis. 2015, 9, e0004255.

[17] L. Zhang, M.-Y. Ji, B Qiu, Q.-Y. Li, K.-Y. Zhang, J.-C. Liu, L.-S.
Dang, M.-H. Li, ‘Phytochemicals and biological activities of
species from the genus Maytenus’, Med. Chem. Res. 2020,
29, 575–606.

[18] E. Clain, J. G. Haddad, A. C. Koishi, L. Sinigaglia, W. Rachidi,
P. Desprès, C. N. Duarte dos Santos, P. Guiraud, N. Jouve-
net, C. El Kalamouni, ‘The polyphenol-rich extract from
Psiloxylon mauritianum, an endemic medicinal plant from
Reunion Island, inhibits the early stages of Dengue and
Zika virus infection’, Int. J. Mol. Sci. 2020, 19, 1860.

[19] J. G. Haddad, A. C. Koishi, A. Gaudry, C. Nunes Duar-
te dos Santos, W. Viranaicken, P. Desprès, C. El Kalamouni,
‘Doratoxylon apetalum, an indigenous medicinal plant from
mascarene islands, is a potent inhibitor of Zika and Dengue
virus infection in human cells’, Int. J. Mol. Sci. 2020, 19,
2382.

[20] J. G. Haddad, D. Grauzdytė, A. C. Koishi, W. Viranaicken,
P. R. Venskutonis, D. S. C. Nunes, P. Desprès, N. Diotel, C.
El Kalamouni, ‘The geraniin-rich extract from reunion island
endemic medicinal plant Phyllanthus phillyreifolius inhibits
Zika and Dengue virus infection at non-toxic effect doses in
Zebrafish’, Molecules 2020, 25, 2316.

[21] M. Basic, F. Elgner, D. Bender, C. Sabino, M. L. Herrlein, H.
Roth, M. Glitscher, A. Fath, T. Kerl, H. G. Schmalz, E. Hildt, ‘A
synthetic derivative of houttuynoid B prevents cell entry of
Zika virus’, Antiviral Res. 2019, 172, 104644.

[22] G. Wong, S. He, V. Siragam, Y. Bi, M. Mbikay, M. Chretien, X.
Qiu, ‘Antiviral activity of quercetin-3-β-O-D-glucoside
against Zika virus infection’, Virol. Sin. 2017, 32, 545–547.

[23] A. Gaudry, S. Bos, W. Viranaicken, M. Roche, P. Krejbich-
Trotot, G. Gadea, P. Desprès, C. El-Kalamouni, ‘The
flavonoid isoquercitrin precludes initiation of Zika virus
infection in human cells’, Int. J. Mol. Sci. 2018, 19, 1093.

[24] G. M. Ferreira, B. M. Silva, G. H. B. deSouza, A. B. de Oliveira,
G. C. Brandão, ‘Anti-zika activity of Ouratea semiserrata and
dereplication of its constituents’, Rev. Bras. Farmacogn.
2021, 31, 121–125.

[25] A. Mohd, N. Zainal, K. K. Tan, S. Abubakar, ‘Resveratrol
affects Zika virus replication in vitro’, Sci. Rep. 2019, 9,
14336.

[26] A. H. D. Cataneo, D. Kuczera, A. C. Koishi, C. Zanluca, G. F.
Silveira, T. B. Arruda, A. A. Suzukawa, L. O. Bortot, M. Dias-
Baruffi, W. A. Verri, Jr., A. W. Robert, M. A. Stimamiglio, C. N.
Duarte dos Santos, P. F. Wowk, J. Bordignon, ‘The citrus
flavonoid naringenin impairs the in vitro infection of
human cells by Zika virus’, Sci. Rep. 2019, 9, 16348.

[27] S. Acquadro, A. Civra, C. Cagliero, A. Marengo, M. Rittà, R.
Francese, C. Sanna, C. Bertea, B. Sgorbini, D. Lembo, M.
Donalisio, P. Rubiolo, ‘Punica granatum leaf ethanolic
extract and ellagic acid as inhibitors of Zika virus infection’,
Planta Med. 2020, 86, 1363–1374.

Chem. Biodiversity 2022, 19, e202100842

www.cb.wiley.com (14 of 15) e202100842 © 2022 Wiley-VHCA AG, Zurich, Switzerland

Wiley VCH Mittwoch, 13.04.2022

2204 / 242300 [S. 156/157] 1

 16121880, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202100842 by G

U
ST

A
V

O
 H

E
ID

E
N

 - C
A

PE
S , W

iley O
nline L

ibrary on [26/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://antigo.saude.gov.br/images/pdf/2020/August/31/Boletim-epidemiologico-SVS-34.pdf
https://antigo.saude.gov.br/images/pdf/2020/August/31/Boletim-epidemiologico-SVS-34.pdf
www.cb.wiley.com


[28] Á. Vázquez-Calvo, N. Jiménez de Oya, M. A. Martín-Acebes,
E. Garcia-Moruno, J. C. Saiz, ‘Antiviral properties of the
natural polyphenols delphinidin and epigallocatechin
gallate against the flaviviruses West Nile virus, Zika virus
and Dengue virus’, Front. Microbiol. 2017, 8, 1314.

[29] J. L. Lee, M. Loe, R. Lee, J. Chu, ‘Antiviral activity of
pinocembrin against Zika virus replication’, Antiviral Res.
2019, 167, 13–24.

[30] L. S. Abreu, Y. M. do Nascimento, R. Costa, M. Guedes, B.
Souza, L. J. Pena, V. C. O. Costa, M. T. Scotti, R. Braz-Filho,
J. M. Barbosa-Filho, M. S. Silva, E. S. Velozo, J. F. Tavares,
‘Tri- and diterpenoids from Stillingia loranthacea as inhib-
itors of Zika virus replication’, J. Nat. Prod. 2019, 82, 2721–
2730.

[31] N. Luplertlop, S. Suwanmanee, W. Muangkaew, S. Ampa-
wong, T. Kitisin, Y. Poovorawan, ‘The impact of Zika virus
infection on human neuroblastoma (SH-SY5Y) cell lines’, J.
Vector Borne Dis. 2017, 54, 207–214.

[32] H. A. Braz-De-Melo, G. Pasquarelli-do-Nascimento, R. Cor-
rêa, R. das Neves Almeida, I. de Oliveira Santos, P. S. Prado,
V. Picolo, A. F. Bem, N. Pizato, K. G. Magalhães, ‘Potential
neuroprotective and anti-inflammatory effects provided by
omega-3 (DHA) against Zika virus infection in human SH-
SY5Y cells’, Sci. Rep. 2019, 9, 20119.

[33] C. Sabino, M. Basic, D. Bender, F. Elgner, K. Himmelsbach, E.
Hildt, ‘Bafilomycin A1 and U18666 A efficiently impair ZIKV
infection’, Viruses 2019, 11, 524.

[34] J. A. Bernatchez, Z. Yang, M. Coste, J. Li, S. Beck, Y. Liu, A. E.
Clark, Z. Zhu, L. A. Luna, C. D. Sohl, B. W. Purse, R. Li, J. L.
Siqueira-Neto, ‘Development and validation of a pheno-
typic high-content imaging assay for assessing the antiviral
activity of small-molecule inhibitors targeting Zika virus’,
Antimicrob. Agents Chemother. 2018, 62, e00725–18.

[35] R. Delvecchio, L. M. Higa, P. Pezzuto, A. L. Valadão, P. P.
Garcez, F. L. Monteiro, E. C. Loiola, A. A. Dias, F. J. Silva,
M. T. Aliota, E. A. Caine, J. E. Osorio, M. Bellio, D. H.
O’Connor, S. Rehen, R. S. de Aguiar, A. Savarino, L.
Campanati, A. Tanuri, ‘Chloroquine, an endocytosis block-
ing agent, inhibits Zika virus infection in different cell
models’, Viruses 2016, 8, 322.

[36] B. R. R. Cavalcante, L. S. Aragão-França, G. L. A. Sampaio,
C. K. V. Nonaka, M. S. Oliveira, G. S. Campos, S. I. Sardi,
B. R. S. Dias, J. P. B. Menezes, V. P. C. Rocha, E. A. Rossi, B. D.
Paredes, G. L. S. Martins, K. J. Allahdadi, L. R. Peixoto, J. M.
Barbosa-Filho, B. S. F. Souza, M. B. P. Soares, ‘Betulinic acid
exerts cytoprotective activity on Zika virus infected neural
progenitor cells’, Front. Cell Infect. Microbiol. 2020, 10,
558324.

[37] S. Y. Lyu, J. Y. Rhim, W. B. Park, ‘Antiherpetic activities of
flavonoids against herpes simplex virus type 1 (HSV-1) and
type 2 (HSV-2) in vitro’, Arch. Pharm. Res. 2005, 28, 1293–
1301.

[38] I. G. Bieski, F. RiosSantos, R. M. de Oliveira, M. M. Espinosa,
M. Macedo, U. P. Albuquerque, D. T. de Oliveira Martins,
‘Ethnopharmacology of medicinal plants of the pantanal

region (Mato Grosso, Brazil)’, Evid. Based Complement.
Altern. Med. 2012, 272749.

[39] J. H. S. Gomes, U. C. Mbiakop, R. L. Oliveira, J. R. Stehmann,
R. M. Pádua, S. F. Cortes, F. C. Braga, ‘Polyphenol-rich
extract and fractions of Terminalia phaeocarpa Eichler
possess hypoglycemic effect, reduce the release of
cytokines, and inhibit lipase, α-glucosidase, and α-amilase
enzymes’, J. Ethnopharmacol. 2021, 271, 113847.

[40] H. Y. Cheng, C. C. Lin, T. C. Lin, ‘Anti-herpes simplex virus
type 2 activity of casuarinin from the bark of Terminalia
arjuna Linn’, Antiviral Res. 2002, 55, 447–455.

[41] A. Dwevedi, R. Dwivedi, Y. K. Sharma, ‘Exploration of
phytochemicals found in Terminalia sp. and their antire-
troviral activities’, Pharmacogn. Rev. 2016, 10, 73–83.

[42] R. Niero, S. F. de Andrade, V. Cechinel Filho, ‘A review of
the ethnopharmacology, phytochemistry and pharmacol-
ogy of plants of the Maytenus genus’, Curr. Pharm. Des.
2011, 17, 1851–1871.

[43] R. S. Silveira, G. C. Leal, T. R. D. Molin, H. Faccin, L. A. Gobo,
G. D. Silveira, M. T. S. Souza, O. A. Lameira, L. M. Carvalho,
C. Viana, ‘Determination of phenolic and triterpenic
compounds in Jatropha gossypiifolia L by Ultra-high
performance liquid chromatography-tandem mass spectro-
metric (UHPLC/MS/MS)’, Braz J. Pharm. Sci. 2020, 56,
e17262.

[44] C. Gómez-Calderón, C. Mesa-Castro, S. Robledo, S. Gómez,
S. Bolivar-Avila, F. Diaz-Castillo, M. Martínez-Gutierrez,
‘Antiviral effect of compounds derived from the seeds of
Mammea americana and Tabernaemontana cymosa on
Dengue and Chikungunya virus infections’, BMC Comple-
ment. Altern. Med. 2017, 17, 57.

[45] M. W. C. Loe, E. Hao, M. Chen, C. Li, R. C. H. Lee, I. X. Y. Zhu,
Z. Y. Teo, W. X. Chin, X. Hou, J. Deng, J. J. H. Chu, ‘Betulinic
acid exhibits antiviral effects against Dengue virus infec-
tion’, Antiviral Res. 2020, 184, 104954.

[46] G. S. Rao, J. E. Sinsheimer, ‘Antiviral activity of triterpenoid
saponins containing acylated beta-amyrin aglycones’, J.
Pharm. Sci. 1974, 63, 471–473.

[47] P. Bag, D. Chattopadhyay, H. Mukherjee, D. Ojha, N.
Mandal, M. C. Sarkar, T. Chatterjee, G. Das, S. Chakraborti,
‘Anti-herpes virus activities of bioactive fraction and
isolated pure constituent of Mallotus peltatus: an ethno-
medicine from Andaman Islands’, Virol. J. 2012, 9, 98.

[48] M. Hattori, C. M. Ma, Y. Wei, R. Salah El Dine, N. Sato,
‘Survey of anti-HIV and anti-HCV compounds from natural
sources’, Can. Chem. Tran. 2013, 1, 116–140.

[49] T. Mosmann, ‘Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity
assays’, J. Immunol. Methods 1983, 65, 55–63.

[50] V. Vichai, K. Kirtikara, ‘Sulforhodamine B colorimetric assay
for cytotoxicity screening’, Nat. Protoc. 2006, 1, 1112–
1116.

Received November 8, 2021
Accepted March 9, 2022

Chem. Biodiversity 2022, 19, e202100842

www.cb.wiley.com (15 of 15) e202100842 © 2022 Wiley-VHCA AG, Zurich, Switzerland

Wiley VCH Mittwoch, 13.04.2022

2204 / 242300 [S. 157/157] 1

 16121880, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cbdv.202100842 by G

U
ST

A
V

O
 H

E
ID

E
N

 - C
A

PE
S , W

iley O
nline L

ibrary on [26/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.cb.wiley.com

