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Various beneficial biological activities have been reported for passion fruit (Passiflora edulis), 
grown in tropical and subtropical regions. However, no study has yet demonstrated its action 
against the Zika virus (ZIKV) infection. The present study aimed to investigate the anti-ZIKV of 
the ethanolic passion fruit seed extract (PFSE), from which, liquid chromatography tandem mass 
spectrometry (LC-MS/MS) analysis allowed to putatively annotate the occurrence of piceatannol, 
astringin, scirpusin A, scirpusin B, isookanin-7-O-glucoside and naringenin-7-O-glucoside, two 
quadranguloside derivatives, tyrosine, and phenylalanine. PFSE is well tolerated by cell lines 
(Vero E6 and HTR-8/SVneo) and tissue explants from the human placenta. With 1- and 24-h 
treatments, PFSE consistently reduced the viral load and NS1 protein expression of the two strains 
of ZIKV (MR766 and PE243) in placental explants and cell lines. Thus, PFSE has a promising 
potential for developing anti-ZIKV treatments, protecting the placenta against infection caused by 
ZIKV, along with relevant antioxidant potential, represented by ferric reducing antioxidant power 
(FRAP) of 390.5 Trolox eq per g dry extract and half maximal inhibitory concentration (IC50) for 
2,2-diphenyl-1-picrylhydrazyl radical (DPPH•) of 12.1 µg mL–1, and more than 90% protection 
from lipid peroxidation. Although further studies need to be conducted, PFSE treatment was safe 
and effective in trophoblast cells and placental explants, thus representing a promising class of 
all-accessible products based on the reuse of industrial by-products.

Keywords: passion fruit seeds, placenta protection, antiviral activity, piceatannol, agroindustrial 
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Introduction

Brazil is the largest producer of yellow passion 
fruit (Passiflora edulis f. flavicarpa) in the world, with 

approximately 60% of the global production.1,2 Passion 
fruit is widely planted in tropical and subtropical regions in 
several parts of the world, especially in South America, the 
Caribbean, South Florida, South Africa, and Asia.3 Passion 
fruit has a yellowish peel in maturity, and contains multiple 
seeds (dark in color) surrounded by yellow gelatinous pulp 
with an acid-sweet flavor and intense aroma.2 The seeds are 
widely used for the extraction of oil, which serves as raw 
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material, mainly for cosmetic and nutritional purposes.4 
After extracting the oil from the seeds, a residual cake 
is obtained, which is generally underutilized. However, 
it is rich in bioactive compounds such as the stilbenes 
piceatannol and scirpusin B, phenolic compounds and 
flavonoids.5 

Beneficial biological activities have been reported for the 
Passiflora edulis species, from different parts of the plant,3 
including anti-inflammatory,6 neuropharmacological and 
antidepressant effects,7,8 anti-aging,9 and antiproliferative 
effects on cancer cells via glyoxalase I (GLO I), the 
cellular enzyme that participates in the detoxification of 
methylglyoxal;10 these effects also have been observed 
for its constituents, piceatannol and scirpusin B,10 
which prevent lipid oxidation in dairy beverages,11 have 
a suppressive effect on IgE production revealing their 
antiallergic potential,12 attenuate oxidative stress13 and have 
antidiabetic and antiplatelet effects,14 among others. To our 
knowledge, there are still no reports on the protective effect 
against Zika virus (ZIKV) infection, and dereplication 
strategies have played a central role in various strategies 
to define possible new biological activities for natural 
products.15 In this way, the determination of the chemical 
composition of complex mixtures like ethanol passion fruit 
seed extract (PFSE) can be a challenge. Mass spectrometry 
is one of the possible analytical methods for metabolomics 
analyses in natural products, looking for or not for specific 
chemical signals.15 In a recent study,8 the chemical profile 
of Passiflora edulis leaves, cultivated in the Rio Grande do 
Norte, was published, where liquid chromatography tandem 
mass spectrometry (LC-MS/MS) had shown a predominant 
accumulation of C-flavonoids in this cultivar. All structures 
were proposed based on the gas phase decomposition 
chemistry. Later, the injection of standards confirmed all 
the proposals,8 opening the perspective to use the same 
strategy for seeds extracts analysis.

In recent years, several arboviruses, a high proportion 
seen in tropical and subtropical regions, have been 
responsible for numerous outbreaks worldwide.16 Among 
arboviruses, ZIKV has attracted worldwide attention since 
the appearance of the infection in Brazil in 2015,17 where 
it caused a worrying number of newborns with brain 
malformations.18 ZIKV infection during pregnancy can also 
lead to infection of the fetus by vertical transmission, which 
can result in spontaneous abortion, microcephaly, and other 
neurological damages, in addition to congenital anomalies 
collectively addressed as ZIKV congenital syndrome.17,19 
Therefore, the impact of ZIKV infection on human health 
reflects devastating fetal and neonatal outcomes, including 
long-term infection.20 In this context, preventing placental 
infection by ZIKV is important in order to protect the 

fetus; however, existing antiviral drugs may be harmful to 
the pregnancy. 

As such, natural products such as the presently reported 
PFSE could be an alternative to protect fetuses from the 
harmful effects of ZIKV infection during pregnancy, 
which is cited by the World Health Organization (WHO) 
as a priority in the research and development plans for 
neglected diseases.21

Experimental

Chemicals

The analytical grade compounds were purchased from 
Sigma-Aldrich (Steinheim, Germany): DPPH• (α,α-diphenyl-
picrylhydrazyl radical), TPTZ (2,4,6-tripyridyl-s-triazine), 
AAPH (2,2-azobis(2-amidinopropane)di-hydrochloride), 
soy phosphatidylcholine, Trolox®, methylglyoxal, 
hemoglobin, fluorescein, formic acid and acetonitrile, 
F12 culture medium, L-15 medium. Hank’s balanced salt 
solution (HBSS), phosphate-buffered saline (PBS) and 
trypsin-ethylenediamine tetraacetic acid (EDTA), fetal 
bovine serum (FBS) and L-glutamine were purchased 
from Thermo Fisher Scientific (Waltham, MA, USA). 
Chloroquine was provided by Farmanguinhos (Fundação 
Oswaldo Cruz, Rio de Janeiro, Brazil). 4,4-Difluoro-
5-(4-phenyl-1,3-butadienyl)-4-bora-3a,4a-diaza-S-indacene-
3-undecanoic acid (C11-BODIPY581/591) was obtained 
from Molecular Probes (Ontario, Canada). All reagents were 
of analytical grade, and the stock solutions and buffers were 
prepared with Milli-Q purified water.

Preparation of the ethanol extracts of passion fruit seeds

Passiflora edulis seeds were separated from the pulp, 
washed with distilled water, and dried in an oven at 50 °C for 
48 h. The seeds were then ground in a blade mill and stored 
in amber glass vials. Firstly, 12 g of dry seeds was weighed 
and degreased using hexane (250 mL) in a Soxhlet apparatus 
for a period of 6 h and extraction performed in ethanol 
(250 mL) for 6 h. The extract was concentrated in a rotary 
evaporator, stored in amber glass under refrigeration at 4 ºC, 
and identified as PFSE. SisGen access number: A9493F8.

Characterization of the ethanolic extract

The PFSE was analyzed by high-performance liquid 
chromatography (HPLC) with a diode array detector 
coupled to a mass spectrometer with electrospray ionization 
source (ESI) and time of flight analyzer (HPLC-ESI-MS/MS,  
micrOTOF-QII, Bruker Daltonics®, Billerica, MA, USA). 
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For chromatographic analysis, 5  mg of the PFSE was 
mixed with 2 mL of a methanol-water solution (75:25). 
The chromatographic parameters used were: Kinetex XB 
C18 column (100 × 2.1 mm, 2.6 μm, 100 Å), temperature 
40 °C, injection volume 2 μL, and flow rate 0.4 mL min–1. 
The mobile phase was composed of 0.1% formic acid in 
water (v/v; solvent A) and 0.1% formic acid in acetonitrile 
(v/v; solvent B). The elution gradient started with a ramp 5 
to 35% B for 23 min, 35 to 100% B for 17 min, maintaining 
100% B for 8 min and then 100 to 5% B in 2 min, remaining at 
5% B for 10 min and ending the run in a total time of 60 min.

The detection system consisted of a mass spectrometer 
operated in positive and negative ionization modes. In 
the first ionization mode, a capillary voltage of 4.5 kV 
and a cone voltage of 500 V were used as instrumental 
parameters. For the negative ionization mode, a capillary 
voltage of 3.2 kV and a cone voltage of 400 V were used. 
In both measurement modes, a temperature of 200 °C 
and a mass detection range of m/z 50-1500 were used. 
The parameters of MS/MS were Auto MS/MS with the 
selection of precursor ions in cycles of 3.0 s, excluding 
the selection after detection of two spectra of the same 
ion or after 0.60  min, reconsidering its selection if the 
ion intensity precursor was twice the previous. For the 
fragmentation of precursor ions a collision energy ramp 
of 20 to 50 eV was used.

Radical scavenging ability toward DPPH• (RSA-DPPH•)

The antioxidant capacity of the PFSE was determined by 
radical scavenging using the DPPH• method.22 Aliquots of 
0.30 mL of the extract dissolved in ethanol (5-25 μg mL–1) 
were mixed with 2.70 mL of DPPH• solution (40 μg mL–1 in 
methanol). The mixture was then homogenized and stored 
in the dark for 30 min and the measurements performed 
at 516  nm, using a UV-Vis spectrophotometer (Agilent 
8453, Burlington, MA, United States). The analyses were 
performed in triplicate (n = 3) and the percentage inhibition 
or the IC50 (half maximal inhibitory concentration) was 
calculated graphically, using an analytical curve in the 
linear range, by plotting the extract concentration versus 
the corresponding scavenging effect (I%, inhibition 
percentage) at 30 min. 

Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was performed according to the 
method described previously with some modifications.23 
Briefly, the FRAP reagent was prepared by mixing a 
solution of TPTZ (10 mM) in 40 mM HCl, FeCl3 (20 mM), 
and acetate buffer (pH 3.6, 0.30  M). 90 μL of sample 

(25 μg mL–1) were mixed with 2.7 mL of FRAP reagent and 
then incubated at 37 °C for 30 min. The absorbance of the 
reaction mixture was measured at 595 nm and an analytical 
curve prepared with Trolox® (0.04 to 7.50 μg mL–1). The 
analyses were performed in triplicate (n = 3) and the results 
expressed as Trolox equivalent antioxidant capacities 
(TEAC) in mg Trolox eq per g dry extract.

Lipid peroxidation measurements

Unilamellar vesicles of soy phosphatidylcholine 
(1 mM) were prepared by extrusion (100 nm pore diameter 
membrane, at 25 °C),24 in 10  mL of phosphate buffer 
(50  mM) at pH 7.4 with the additional incorporation 
of 0.1 μM of the peroxyl-sensitive fluorescent probe 
C11-BODIPY581/591.25 The particle size was measured by 
Nanotrac-Zetatrac, model NPA151-31 A-0000-D30-10 M 
(Microtrac, Burlington, MA, United States), at around 
100 nm.

Fluorescence measurements were carried out at 37 °C, 
using an RF-5301PC spectrofluorophotometer (Shimadzu, 
Minato, Japan). In a 1-mL quartz cuvette, adequate amounts 
of unilamellar vesicle suspension, phosphate buffer pH 7.4, 
and the PFSE (5, 25, and 50 μg mL–1) or positive control 
(Trolox, 100 μg mL–1) were mixed. Ethanol was used as 
negative controls. The reaction was initiated by the addition 
of 100 μL of AAPH (100 mM). The fluorescence decay 
of fluorescent probe (λex = 580 nm, λem = 600 nm) was 
monitored continuously for 30 min. The analyses were 
performed in triplicate (n = 3).

HTR-8/SVneo cell line culture

The HTR-8/SVneo (ATCC® CRL-3271™) was kindly 
donated by Prof Estela Bevilacqua from the University 
of São Paulo. It was a placental cell line derived from 
first-trimester extravillous trophoblast cells, routinely 
cultured in DMEM/F12 medium, supplemented with 
10% (v/v) FBS and 2 mM L-glutamine and kept in a humid 
incubator at 37 ºC and 5% CO2. Cells were subcultured 
every 5 days with 80% confluence for HTR-8/SVneo cells 
and the medium replenished every 2 days.

Ethical issues

The ethical committee approved the use of 
placentas from the Federal University of Alagoas 
through the national Plataforma Brasil unified system 
(CAEE  57828616.3.0000.5013), with signed informed 
consent from all patients according to Brazilian Health 
Ministry guidelines.
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Placenta collection and chorionic villi explant culture

Placentas derived from term pregnancies (37-40 weeks 
of pregnancy) were obtained from the Obstetrics Service 
of Prof Alberto Antunes University Hospital of the Federal 
University of Alagoas, Brazil (HUPAA/UFAL) by elective 
cesarean section. Five-term placentas from healthy pregnant 
women were collected from women with no detectable 
infections, hypertensive disorders, chronic diseases, or 
other conditions. After placenta collection, fresh samples 
from the chorionic villi were washed extensively in 
0.1  M  PBS and HBSS, followed by the separation of 
terminal chorionic villi for explant culture in 24-well plates 
with DMEM/F12-supplemented medium, and kept in a 
humid incubator at 37 ºC and 5% CO2 where they could 
be cultured for 12 days without losing significant viability, 
as described previously,26 and used routinely worldwide.

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) cell viability assay

The MTT assay was used to verify the possible 
cytotoxicity of the PFSE on both placental cell lines and 
placental explant cultures. As such, placental explants 
were weighed and plated in equal proportions in each well, 
and Vero E6 cells or HTR-8/SVneo cells were plated at 
2.5 × 105 cells per well and treated with the extract diluted 
in DMEM/F12 medium in different concentrations (0.01, 
0.1, 1, 10, and 100 μg mL–1), and cultured for a further 
24  h. Since chloroquine (CQ) has been described as a 
potent in vitro anti-ZIKV agent,27-29 we tested whether it 
would affect cell lines or placental explants viability at 
50 μg mL–1, in order to use it as a positive control added 
1  h after ZIKV incubation. The control group had no 
addition of extracts. The medium was replaced with a 
fresh culture medium containing 5 μg mL–1 of MTT and 
the supernatant discarded after a 4-h incubation period 
at 37 °C, followed by the addition of 150 μL of DMSO. 
The absorbance of the dissolved MTT formazan product 
was measured spectrophotometrically at 540  nm. The 
percentage viability was determined in relation to the 
controls [(absorbance of treated cells/absorbance of 
untreated cells) × 100].

Zika virus propagation and titration

Two stock strains of ZIKV were kindly donated by 
Dr Juliano Bordignon from the Instituto Carlos Chagas of 
Fundação Oswaldo Cruz (ICC/FIOCRUZ-PR): the MR766 
strain (isolated in Uganda in 1947, third passage, stock titer 
of 6.25 × 107 fluorescent focus units (FFU) mL-1, GenBank 

accession KX421193), and the PE243 strain (isolated in 
Pernambuco, Brazil in 2016, third passage, stock titulation 
of 1 × 108 FFU mL–1, GenBank accession MF352141.1). 
To perform viral propagation, both strains were cultured, 
in separate, in Aedes albopictus derived C6/36 cells with 
L-15 medium supplemented with 10% (v/v) FBS, 10% 
(v/v) tryptose and 1% PSA until 80% confluence. Cell-
free supernatants were harvested 5 days post-infection 
(dpi), aliquoted, and stored at −80 °C. Titration was 
performed after viral infection using green monkey 
kidney-derived Vero E6 cells cultured with supplemented 
DMEM for 1 h under gentle agitation. The media was 
changed and cells were incubated with 1.5%  (m/v) 
carboxymethylcellulose (CMC) in DMEM with 2% FBS 
at 1:1 (v/v). Plaque formation was observed at 5 dpi after 
10% (v/v) formalin fixation and 2% (v/v) violet crystal 
staining. Viral titration of MR766 strain was stocked at  
5 × 105 plaque-forming units (PFU) mL–1 and PE243 at  
3 × 105 PFU mL–1.

ZIKV infection of HTR-8/SVneo cells and treatment

Cells were plated at 3 × 105 cells per well in 24-well 
plates for 24 h, with DMEM/F12 medium supplemented 
with 2% FBS and received 100 μg mL–1 of the PFSE for 
1 h. Afterward, cells were infected with one multiplicity 
of infection (MOI) of MR766 or PE243 ZIKV strains for 
1 h. The supernatant was removed and the cells washed 
thoroughly with PBS. A new culture medium was added and 
the cells cultured for 24 h. Positive controls were performed 
with addition of 100 μg mL–1 of chloroquine diphosphate 
to the cultures after ZIKV incubation and culture medium 
change. As such, cultures after the medium change were 
nominated as 0 h and all time-points afterward showed 
only the effects derived from the 1-h ZIKV incubation. The 
ZIKV infection efficiency was accessed by flow cytometry, 
quantitative reverse transcription polymerase chain reaction 
(RT-qPCR) and immunofluorescence.30

Flow cytometry analysis of ZIKV infection

To access the percentage of cells infected by ZIKV, 
cells were detached with 2.5% trypsin-EDTA, and fixation 
and permeabilization were performed using commercial 
flow cytometry kits (e-Bioscience, San Diego, CA, USA). 
A monoclonal primary mouse antibody anti-ZIKV NS1 
(1:100, E107, MA5-24585, Invitrogen, Carlsbad, CA, 
USA) was incubated with Zenon Alexa 488-conjugated 
secondary anti-mouse antibody (1:250; Thermo Fisher 
Scientific Burlington, MA, USA) for 5 min to form an 
immunocomplex with further addition of Zenon Blocking 
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Reagent for further 5 min. The immunocomplex was later 
incubated with cells for 1 h at 37 °C. The percentage of 
ZIKV infected cells was analyzed with FACS CantoTM® II 
flow cytometer (BD  Biosciences, San Jose, CA, USA), 
using FlowJo software (BD Biosciences).

Quantitative reverse transcription polymerase chain reaction 
(RT-qPCR)

The ribonucleic acid (RNA) viral load from the cellular 
supernatants was extracted using PureLink™ Viral RNA/
DNA Mini Kit (Invitrogen, Carlsbad, CA, USA), following 
the manufacturer’s instructions. The complementary DNA 
was synthesized and amplified using M-MLV reverse 
transcriptase (Invitrogen, Carlsbad, CA, USA). Next, ZIKV 
RNA copies were quantified using StepOnePlus™ Real-
Time PCR System (Applied Biosystems, Life Technologies, 
Foster City, CA, USA). For each single-well amplification 
reaction, a threshold cycle (Ct) was evaluated in the 
exponential phase. The primers used were ZIKV 1086 and 
ZIKV 1162c.31

Immunofluorescence for ZIKV NS1

The HTR-8/SVneo cells were fixed with 4% (v/v) 
paraformaldehyde in PBS and permeabilized with 0.1% 
Triton X-100 in PBS (v/v). Then, unspecific antigens 
blockade was performed with 0.05% fish-skin gelatin 
in PBS (m/v) (Merck/Sigma-Aldrich, Burlington, MA, 
USA) for 1  h, followed by monoclonal primary mouse 
antibody anti-ZIKV NS1 (1:100, E107, MA5-24585, 
Invitrogen, Carlsbad, CA, USA) incubation with Zenon 
Alexa 488 conjugated secondary anti-mouse antibody 
(1:250; Thermo Fisher Scientific, Waltham, MA, USA) 
for 5 min to form an immunocomplex, which was later 
incubated with Zenon Blocking Reagent (1:250; Thermo 
Fisher Scientific, Waltham, MA, USA) for a further 5 min 
at room temperature. The immunocomplex mixture was 
added to cells for 1 h at 37 °C. Nuclei were stained with 
4’,6-diamidino-2-phenylindole (DAPI; 1:1000 in PBS; 
Merck/Sigma-Aldrich, Burlington, MA, USA), and 
mounting was performed with PBS/glycerol (1:9, v/v) 
under glass slides. The results were visualized with a 
fluorescence microscope (Nikon DS-Ri1, Minato, Japan) 
and images acquired using DP2-BSW software (Nikon).

Statistical analyses

The results for the antioxidant tests were expressed as 
mean ± standard deviation (SD), and statistical evaluation 
was determined by analysis of variance (ANOVA) followed 

by Tukey’s post-test. The results for the antiviral tests 
were expressed as mean  ±  standard error of the mean 
(SEM), and the statistical evaluation was determined by 
ANOVA with Geisser-Greenhouse correction followed by 
Tukey’s post-test, at the level of significance of 95%, using 
Graphpad Prism 8.3.0 software.32

Results and Discussion

Characterization of the ethanol extract

Initially, the yield of PFSE was 7.9%, calculated 
from the initial mass of seeds submitted to extraction 
with ethanol. HPLC-MS/MS analysis of the ethanolic 
extract was conducted to characterize the major secondary 
metabolites. The compounds’ annotation was supported by 
the fragmentation profile,33 and individual analysis of the 
gas phase decomposition reactions.34 Finally, spectroscopic 
data and literature comparison were used to support the 
proposals (Table 1). The dereplication strategies allowed 
the annotation of 10 compounds in total, of which five were 
identified in negative ionization mode and five in positive 
ionization mode. The detailed mass spectrometric analyses 
of the compounds are summarized in the Supplementary 
Information (SI) section (Figures S1-S12). The results 
obtained by LC-MS/MS in a negative ionization allowed 
us to annotate the signals at 18.5, 17.4, 21.0, 22.4, and 
17.2 min, referring to [M - H]– ions of m/z 243, 405, 485, 
469 and 449, respectively, and presented a fragmentation 
profile consistent with the compounds piceatannol 
(m/z 243), astringin (m/z 405), scirpusin B (m/z 485) and 
scirpusin A (m/z 469) (Figure S11), along with isookanin-
7-O-glucoside (m/z 449).35-37 In the positive ionization 
mode, it was possible to observe the presence of naringenin-
7-O-glucoside (m/z 435), tyrosine (m/z 182), phenylalanine 
(m/z 166), and two derivatives of quadranguloside saponin 
(m/z 621 and m/z 593; Figure S12). The absence of signals 
of C-flavonoids observed confirmed a significant difference 
of the chemical profiles of leaves and seeds. High resolution 
analysis, listed in Table 1, confirmed all molecular formulas 
with less than 10 ppm error, corroborating the correct 
number of C, H and O atoms.

To reinforce, all mass spectrometric annotations are 
based on high resolution and fragmentation patterns. As 
already described in the literature, stilbenes are found in 
passion fruit seeds.5,10,37-39 Astringin is the glycosylated 
piceatannol molecule; the compounds scirpusin B and 
scirpusin A are dimers of piceatannol. Of these compounds, 
piceatannol is the most studied and has shown important 
biological activities, with antidiabetic,40,41 antioxidant,42-44 
anticancer45,46 and anti-inflammatory10,47 potential.
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Table 1. Compounds annotated in PFSE by HPLC-DAD-ESI-MS/MS in negative and positive ion modes

Compound tR / min UV / nm
[M - H]– 

(m/z)
[M - H]+ 

(m/z)
MS/MS 

fragments (m/z)
Error / ppm

Isookanin-7-O-glucoside

17.2 217; 279; 333 449.1069 - 
10-25 eV:  

449 → 287
4.6

 

Astringin

17.4 217; 285; 320 405.1165 - 
10-25 eV: 

405 → 243
6.5

 

Piceatannol

18.5 217; 321 243.0701 -
10-25 eV: 

243 → 201;
159

3.1

 

Scirpusin B

21.0 203; 283; 328 485.1234 -
10-25 eV: 

485 → 375
1.7

 

Scirpusin A

22.4 217; 280; 326 469.1266 -
10-25 eV: 

469 → 359
5.7

 

Naringenin-7-O-glucoside

10.7 208; 281; 326 - 435.1281
20-50 eV: 

435 → 273
1.0

 

Derivative I of quadranguloside

39.4 224 - 621.4331
20-50 eV: 

621 → 603; 
441

4.7

 

Derivative II of quadranguloside

37.9 224 - 593.4048
20-50 eV: 

593 → 575; 
413
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Scirpusins A and B showed in vitro anti-HIV-148 (IIIB 
strain) activity. Sano et al.37 isolated piceatannol and 
scirpusin B from passion fruit seeds and demonstrated their 
antioxidant and vasorelaxing potential,37 with scirpusin B 
showing better effects than piceatannol. Scirpusin B 
also showed hypoglycemic activity through an amylase 
inhibitory activity.39 Scirpusin A showed strong inhibition 
of the β-amyloid peptide aggregation process,49 and 
inhibitory activity of arginase in mammals.50

Isoflavonoids like naringenin can be found mainly in 
citrus fruits,51 and soybeans cultivars.52 Narigenin has several 
biological properties, such as attenuation of oxidative stress, 
and regulation of Nrf2 and its target genes,53 and levels 
of reduced glutathione (GSH) in cells,54 acting in the 
prevention of non-alcoholic fatty liver disease,55 attenuating 
renal interstitial fibrosis and the expression of inflammatory 
factors,56 and improving steatohepatitis induced by type 2 
diabetes mellitus,57 among others. Flavonoids such as 
isookanin, with a catechol moiety, have one important 
structural requirement to inhibit the neutrophil superoxide 
anion generation,58 and demonstrate anti-inflammatory,59 
and antidiabetic60 activities.

Saponins are used as vaccine adjuvants. Cibulski et al.61 
used a saponin-rich fraction of the Quillaja brasiliensis 
species and a nanoadjuvant with this fraction in experimental 
vaccines against ZIKV and observed stimulation of the 
immune response.61 The presence of saponins in the 
Passiflora genus has been previously described.62,63

In this work, through the fragmentation profile of 
the saponin quadranguloside, we found two possible 
derivatives. The derivative I (m/z 621) refers to the 
quadranguloside with one less gentiobiose moiety, and 
linked to a glucose molecule. According to Reginatto et al.,64 
the quadranguloside C34H56O8 is known as 9,19-cyclolanost-
24-Z-en-3b,21,26-trihydroxy-3,26-di-O-gentiobiose.64 This 
generates the derivative II (m/z 593), through the loss of 

one of the gentibiose groups and one glucose molecule 
(Figure S13, SI section). In both cases we are able only 
to characterize the signals by mass spectrometry, but our 
data open the perspective for an isolation guide by MS to 
characterize these metabolites and possible new analogues, 
as described in several metabolomics protocols.15,52 

In vitro radical scavenging assays

Oxidative stress is directly related to numerous diseases, 
including those caused by viral infections, promoting virus 
replication in infected cells, decreasing cell proliferation 
and inducing cell apoptosis.65 Almeida et al.66 investigated 
the role of oxidative stress in ZIKV infection and observed 
in infected cells a significant increase in ROS production, 
in the formation of lipid peroxidation products, in carbonyl 
protein levels, in addition to a decrease in the activities 
of the redox enzymes superoxide dismutase and catalase. 
In this context, the antioxidant potential was investigated 
using the methods of DPPH•, FRAP and lipid peroxidation. 

PFSE exh ib i t ed  an  IC 50 (DPPH)  va lue  o f 
12.1 ± 1.6 µg mL–1 and 390 ± 6 mg Trolox eq per g dry 
extract in the FRAP analysis. Yepes et al.9 studied the 
ethanolic extract of purple passion fruit seeds and found an 
IC50 (DPPH) value of 132.6 µg mL–1, about 10-fold higher 
than the present study. Rotta et al.11 obtained an IC50 (DPPH) 
of 19 ± 3 µg mL–1 for the Passiflora edulis seed extract, 
similar to the present study.

The lipid peroxidation inhibition assay was also 
performed to evaluate the antioxidant potential of the PFSE; 
the effects against lipid peroxidation at concentrations of 5, 
25 and 50 μg mL–1 are shown in Figure 1. The experiments 
with the blank (ethanol) in the absence of antioxidants 
showed that the liposomal lipid peroxidation induced by 
AAPH occurs, causing the loss of fluorescence. The positive 
control, Trolox (100 µg mL–1), inhibited lipid peroxidation 

Compound tR / min UV / nm
[M - H]– 

(m/z)
[M - H]+ 

(m/z)
MS/MS 

fragments (m/z)
Error / ppm

Tyrosine

0.9 255; 334 - 182.0847
20-50 eV: 

182 → 136; 123

 

Phenylalanine

1.6 218; 266 - 166.0869
20-50 eV: 

166 → 120; 
103; 91

 

tR: retention time.

Table 1. Compounds annotated in PFSE by HPLC-DAD-ESI-MS/MS in negative and positive ion modes (cont.)
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and offered approximately 95% protection at the end of the 
evaluation. The PFSE (25 μg mL–1) showed a percentage 
inhibition of lipid peroxidation similar to that of Trolox. 
Even at the lowest concentration tested (5 μg mL–1) showed 
protection within 10 min, similar to that found for the other 
concentrations and at the end of 30 min monitoring, about 
70% inhibition. de Oliveira et al.67 studied the methanolic 
extract of passion fruit residue and observed a protection 
against lipid peroxidation higher than 90%, similar to that 
found in this study. 

The PFSE showed significant protection against lipid 
peroxidation, further highlighting the promising potential 
of this extract in inhibiting or delaying oxidative damage.

Analyses of aqueous extracts in Vero E6 and HTR-8/SVneo 
cells and placental explant viability

The PFSE was first dissolved in an aqueous solution and 
analyzed in the Vero E6 cell line. As a result, no decrease 
whatsoever in cell viability was observed, and at the highest 
concentration used (100 μg mL–1) a solid increase in viability 
was seen, which might be related to a possible increase in 
proliferation or mitochondrial activity (Figure 2a). Then, we 

tested cell viability of placental human HTR-8/SVneo cells in 
the presence of PFSE, also with no reduction in cell viability 
at any concentration used (Figure 2b). We further analyzed 
the PFSE toxicity on human placental tissue explant culture, 
and no reduction on placenta viability was observed at all 
the various concentrations analyzed (Figure 2c), indicating 
that the extract is well tolerated by cell lines and human 
placental tissue explants.

Figure 1. Potential inhibitor of lipid peroxidation of passion fruit seed 
extract (PFSE) in different concentrations (5, 25, and 50 µg mL-1) during 
the 30 min time interval.

Figure 2. Cellular viability in Vero E6 cells (a), HTR-8/SVneo cells (b) and placental tissue explants viability (c) under different concentrations of passion 
fruit seed extracts (PFSE). Cells and explants were treated with DMEM/F12 solution (control), with 0.01, 0.1, 1, 10, and 100 μg mL-1 PFSE. The bar graphs 
represent the mean values ± SEM; n = 3, *p < 0.05.
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Viral load RT-qPCR analysis from HTR-8/SVneo cells 
treated with PFSE and infected with ZIKV

HTR-8/SVneo cells were plated at 1 × 106 cells per well 
and treated, as described above, with 1 h of ZIKV incubation, 
culture medium removal and PBS washing with the addition 
of fresh medium. The supernatants were collected and 
analyzed by RT-qPCR to evaluate the concentration of 
eventual new viral copies released by infected cells. After 
24 h, cells infected with the MR766 strain showed an 
average viral load of 4.772 ± 1.148 × 104 PFU μL–1, and both 
treatments, with 1 h or 24 h of PFSE exposure, significantly 
reduced the viral load to 0.927 ± 0.047 × 104 PFU μL–1 
and 0.649  ±  0.292 × 104 PFU μL–1, respectively (both 
with p < 0.01 in comparison to ZIKV MR766 group; 
Figure 3a). Moreover, cells infected with the PE243 strain 
showed an average of 5.956  ±  2.089  ×  105  PFU  μL–1, 
and a remarkable reduction of viral load when the 
PFSE was added as a treatment for 1 h and 24 h, 
which ablated to 0.127  ±  0.002  ×  105 PFU μL–1 and 

0.161 ± 0.062 × 105 PFU μL–1, respectively (p < 0.05 and 
p < 0.01 in comparison to ZIKV PE243 group; Figure 3b). 
As such, 1 h of treatment with PFSE was enough to reduce 
the viral load from both ZIKV strains consistently, and the 
effect was the same with 24 h of treatment.

Regarding the placental explants, they were infected 
with PE243 ZIKV strain only, once the MR766 strain 
already was shown to not infect them.30 The infected 
explants had an average of 2.769 ± 0.896 × 105 PFU μL–1, 
and a remarkable reduction of viral load when PFSE was 
added as a treatment for 24 h, which reduced the viral load 
to 0.041 ± 0.009 × 105 PFU μL–1 (p < 0.01 in comparison 
to ZIKV PE243 group; Figure 3c).

Flow cytometry and immunofluorescence analysis on ZIKV 
NS1 protein expression in HTR-8/SVneo cells

Since the extract was well tolerated by trophoblast 
cells and placental tissue explants and reduced ZIKV 
viral load remarkably for both strains, we aimed to verify 

Figure 3. RT-qPCR analyzes of ZIKV viral load after HTR-8/SVneo cells or placental explants infection. After ZIKV MR766 strain (a) or ZIKV PE243 (b) 
infection in HTR-8/SVneo cells, and ZIKV PE243 (c) infection in placental explants. Treatments were made with DMEM/F12 solution (control), and with 
100 μg mL-1 of passion fruit seed extract (PFSE) 1 h and 24 h prior viral incubation, and with 50 μg mL-1 of chloroquine (CQ) after 1 h of viral incubation. 
After culture medium renewal, cells were left for 24 h, and their supernatants were analyzed to observe ZIKV viral load. The bar graphs represent the 
mean values ± SEM; n = 4 for explants and n = 5 for cells. *p < 0.05; **p < 0.01; ***p < 0.001.
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ZIKV NS1 protein expression by flow cytometry analysis in  
HTR-8/SVneo cells. As such, the MR766 strain infected 
an average of 69.7 ± 9.68% of cells in the control group 
(Figures 4a and 4d), but the treatment was unable to reduce 
the number of cells with ZIKV positivity (59.27 ± 14.05%). 
As such, it seems that cells are infected but viruses are not 
released into the culture media, since the viral load was 
reduced after the treatment, as previously shown here. The 

PE243 strain infected an average of 64.47 ± 9.38% in the 
control group (Figures 4b and 4d), whereas the treatment 
was able to reduce consistently the ZIKV positivity to 
13.55 ± 6.97% (p = 0.024), indicating that the PFSE was 
able to reduce both viral load in the culture medium and 
cellular infectivity of trophoblast cells. Immunofluorescence 
confirmed the results obtained by flow cytometry, showing that 
NS1 ZIKV protein was not found in control cells (Figure 5a),  

Figure 4. Flow cytometry analysis on passion fruit seed extract treatment on ZIKV placenta infection. HTR-8/SVneo cells were pre-treated with 100 μg mL-1 
of the extract for 1 h and further infected with MR766 (a and d) or PE243 (b and d) ZIKV strains. Cellular gate for size and granularity of HTR-8/SVneo 
cells is depicted in (c). In (d), negative control (C-), in the first line MR766 and second-line PE243 strain. The treatment was able to reduce remarkably 
PE243 NS1 protein in trophoblast cells, which indicated reduced infection (b and d). Experiments were performed in n = 3. *p < 0.05.

Figure 5. Immunolocalization of ZIKV NS1 in HTR-8/SVneo cells. The ZIKV NS1 (green) was localized in control (a), cells infected with PE243 strain 
(b) and cells treated with PFSE for 24 h, then infected with ZIKV PE243 (c). Nuclei stained with DAP-I (blue). Cells infected with PE243 strain showed 
intense staining in the cytoplasm, whereas PFSE treated cells had lower amount and intensity in comparison. Images acquired with 100× magnification.
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and cells infected with PE243 strain and treated with PFSE 
showed reduced immunolocalization of NS1 proteins in 
comparison to the PE243 group (Figures 5b and 5c).

Since the WHO included ZIKV as a priority in the 
research and development plans for neglected diseases 
that represent potential global threats,21 the world has 
been seeking new therapies and drugs that could be 
employed against ZIKV infection. In this context, the 
inhibition or prevention of ZIKV placental infection 
would also prevent harmful effects to the developing fetus. 
Nevertheless, existing drugs with antiviral effects against 
ZIKV are contraindicated in pregnancy, and only a few new 
compounds are in phase I or II clinical trials.68 As such, 
natural products are thought to represent potential reservoirs 
of novel and safe antiviral drugs that could indeed advance 
the treatment of pregnant women.69 Therefore, based on 
our results, PFSE seems to be a promising candidate to 
further studies on this behalf. PFSE clearly reduced the 
viral load in different models using tissue explants and cell 
cultures, as well as reducing NS1 expression in infected 
cells, which could indicate that PFSE somehow inhibits the 
viral entrance and should be further investigated to clarify 
the potential antiviral mechanism.

In addition to investigating the promise of PFSE, we 
used the antimalarial chloroquine diphosphate as a positive 
control of antiviral activity, as has been described by 
different sources.26-28,70 

Other active plants have been already described, such 
as extracts of Schinus terebinthifolius Raddi, which showed 
similar effects on ZIKV entrance into placental cells,30 
Doratoxylon apetalum extract inhibited ZIKV infection in 
leukocytes,71 (−)-epigallocatechin gallate (EGCG) inhibited 
ZIKV entry in Vero E6 cells,72 and curcumin and suramin 
also inhibited ZIKV infection of different cells.73,74 Other 
compounds, such as GSK126, nanchangmycin, obatoclax, 
pentagalloylglucose, saliphenylhalamide (SaliPhe), 
and 25-hydroxycholesterol have also been described to 
inhibit ZIKV endocytosis or entry in different models.75 
Additionally, of the compounds found in PFSE, it has already 
been shown that one of them, naringenin-7-O-glucoside, has 
anti-ZIKV activity in different cell lines and dendritic cells.76

Conclusions

This work reported for the first time an extract of passion 
fruit seeds with antiviral potential against ZIKV, showing 
no toxicity in trophoblast cells and in explants of human 
placenta. The treatment consistently reduced both viral 
load in the culture medium and cellular NS1 expression 
of trophoblastic cells. The assembly of biologically active 
compounds in PFSE is relevant. These results show the 

promising potential of PFSE as an adjunct therapy in human 
health, especially maternal and child health, notably against 
ZIKV. Further studies are required, including in vivo tests 
to assess better the administration in pregnant women, to 
identify the constituent or constituents responsible for the 
antiviral activity and to define the mechanism of action to 
ensure safe and effective future clinical applications.

PFSE is a safe nutraceutical natural product. The use 
of natural products, in safe and effective doses, may show 
significant advantages over synthetic drugs: fewer side 
effects; lower price, making them accessible to patients 
from lower-income communities; and with additional 
advantage of being easily included in the diet, so avoiding 
the distress associated with drug administration. 

The valorization of industrial by-products represents 
a fundamental strategy for a circular and sustainable 
bioeconomy, especially in the case of new natural 
therapeutic approaches. 

Supplementary Information

Supplementary data are available free of charge at  
http://jbcs.sbq.org.br as PDF file.
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