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a  b  s  t  r  a  c  t

Propolis  (bee  glue)  a product  of  Apis  mellifera  L. is a resinous  mixture  containing  chiefly beeswax  and
resin  harvested  by bees  from  plant  leaves,  buds  and  exudates.  Extracts  of  a  propolis  sample  from  Sal-
itre, a municipality  of  Ceará  state  (northeast  Brazil)  were obtained  with  solvents  of  increasing  polarity
(hexane,  chloroform,  ethyl  acetate  and  methanol).  A chemical  profile  was  carried  out  by  GC–EI-MS  and
HPLC–DAD–ESI-MS/MS.  Lupenone,  lupeol,  octanoic  acid  tetracosyl  ester  and  octanoic  acid  hexacosyl
ester  were  identified  by GC–EI-MS.  Antioxidant  activity  was  evaluated  by the  DPPH  and  �-carotene
discoloring  methods,  and anti-HIV  activity  by the  in  vitro  inhibition  of HIV-1  reverse  transcriptase.
The  ethyl  acetate  extract  exhibited  the  highest  antioxidant  and anti-HIV  activity  and  was  fractioned
by  column  chromatography  using  silica  gel  and  seven  different  eluents.  The  active  fractions  were  sub-
mitted to semi  preparative  HPLC  and  the  following  compounds  were  isolated:  caffeic  acid,  p-coumaric
acid,  diprenylcinnamic  acid,  quercetin,  naringenin,  isorhamnetin,  quercetin-3-O-diglucoside,4,2′,4′-
trihydroxy-2-methoxychalcone,  gossypetin-3,3′,4′,7-tetramethyl  ether,  myricetin-3,7,3′-trimethyl  ether
and 5-hydroxy-3,6,7,8,4′-pentamethoxyflavone.  The  ethyl  acetate  extract  and  its fractions  F5-F7,  as

′
well  as  quercetin,  isorhamnetin,  myricetin-3,7,3 -trimethyl  ether  and p-coumaric  acid  exhibited  high
antioxidant  activity  on  both  DPPH  and  �-carotene  antioxidant  methods.  Isorhamnetin  exhibited  mod-
erate  inhibitory  effect  against  HIV-1  reverse  transcriptase  (56.99  ±  3.91%),  followed  by  naringenin
(44.22  ±  1.71%),  quercetin  (43.41  ± 4.56%)  and  diprenylcinnamic  acid  (41.59  ±  2.59%).  These  results  agree
with  previous  authors  who  reported  anti-HIV  activity  of  flavonoids.

© 2019  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
he  CC
access  article  under  t

ntroduction

Propolis (bee glue) is a resinous mixture produced by Apis mel-
ifera L. It contains bee secretions (including beeswax) and resins,

hich bees collect from various botanical sources, such as buds,
eaves, and exudates. Other propolis constituents are pollen, sugars,
mino acids and minerals. Propolis has been shown to exert many
iological activities (wound-healing, anti-inflammatory, gastro-
rotective, hepatoprotective, immunomodulatory, antineoplastic,
ntidiabetic, among many others) (Hashemi, 2016; Berretta et al.,
017). Honey bees, independently of the geographical zone, can
ocate appropriate propolis plant resin sources for production a
ropolis possessing biological activity (Bittencourt et al., 2015;
achado et al., 2016; Berretta et al., 2017; Kocot et al., 2018).
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Propolis chemical composition varies substantially, according to
geography and local flora (Bertelli et al., 2012; Petelinc et al., 2013;
Toreti et al., 2013). Propolis types are characterized by geography,
chemical profile and source plants (Berretta et al., 2017; Kocot et al.,
2018).

Propolis from distinct regions exhibited characteristic chemi-
cal profiles and source plants (Berretta et al., 2017; Kocot et al.,
2018). In temperate zones (Europe, nontropic regions of Asia,
North America, and continental Australia), the propolis known as
poplar type propolis is originated mainly from bud exudates of
Populus nigra, Salicaceae, and possess flavonoids with no B-ring
oxygenation, phenolic acids and their esters as main constituents
(Ristivojević et al., 2015; Al-Ani et al., 2018). However, in Russia a
distinct propolis type is produced, derived from birch (Betula verru-

cosa, Betulaceae) containing flavones and flavonols different from
those of poplar propolis (Miguel and Antunes, 2011; Martinotti
and Ranzato, 2015). Mediterranean or Italian cypress propolis is
originated from the resin of Cupressus sempervirens, Cupressaceae.
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his type of propolis is produced in countries such as Greece, Sicily,
alta, Cyprus, Croatia, and Algeria, and contains chiefly diterpenes

Popova et al., 2010, 2011). At least three plant species provide
esin for Omani propolis: Azadirachta indica,  Meliaceae, Acacia spp.
probably A. nilotica,  Fabaceae, and Mangifera indica,  Anacardiaceae.
mani propolis contains C5-prenyl flavanones as main constituents

Popova et al., 2013). Tropical propolis from Cuba and Venezuela
riginates from resin exuded by flowers of Clusia spp., Clusiaceae,
nd contains benzophenones as main constituents (Cuesta-Rubio
t al., 2002). The propolis from tropical Pacific Ocean islands (Tai-
an, Okinawa, and Indonesia) originated from Macaranga tanarius,

uphorbiaceae, is characterized by C-geranyl flavanones (Trusheva
t al., 2011; Kumazawa et al., 2014). Bolivian propolis from the
alleys (Cochabamba, Chuquisaca and Tarija) is rich in prenylated
henylpropanoids, while samples from La Paz and Santa Cruz
xhibited cycloartane and pentacyclic triterpenes as main con-
tituents (Nina et al., 2016).

In Brazil, several types of propolis have been characterized, each
eriving from a distinct resin source (Berretta et al., 2017). Among
razilian propolis, the green and red types have been the most

requently studied among Brazilian propolis (Huang et al., 2014).
reen propolis from southeast Brazil is derived from young tis-
ues of Baccharis dracunculifolia,  Asteraceae, and contains mainly
renylated phenylpropanoids, caffeoylquinic acids and diterpenes
Salatino et al., 2005; Fernandes-Silva et al., 2013; Righi et al.,
013). Red propolis, produced in the littoral of Brazilian northeast,

s originated from Dalbergiae castaphyllum, Fabaceae, and possesses
halcones and isoflavones as main constituents (Righi et al., 2011;
endonç a et al., 2015; Rufatto et al., 2017). Several other types of

razilian propolis have been characterized. A green propolis pro-
uced in the northeast of the country contains chiefly flavonoids
nd is derived from Mimosa tenuiflora,  Fabaceae (Ferreira et al.,
017). A dark-colored propolis from the Amazon is originated from
lusia spp., Clusiaceae, and contains prenylated benzophenones
Castro Ishida et al., 2011). Some propolis types have been char-
cterized chemically, but still not botanically. Thus, there are two
ropolis types in Piauí state, one containing cycloartane triter-
enoids (Silva et al., 2005) and another containing flavanones
nd glycosyl flavones (Righi et al., 2013); a yellow propolis from
ato Grosso State (central west, Brazil) possesses triterpenes

Machado et al., 2016) and a propolis type from Pirenópolis
Goiás State, central west Brazil) contains predominantly preny-
ated flavonoids and triterpenes (Righi et al., 2013). Brown propolis
rom Campo Grande, Mato Grosso do Suland Paraná contain,

ainly, prenylated phenylpropanoic acids, flavonoids and chloro-
enic acids (Fernandes et al., 2015; Andrade et al., 2017; de Oliveira
embogurski et al., 2018). On the other hand, the brown propolis

rom Bahia State, possesses saturated hydrocarbons, methyl cinna-
ate, sitosterol cinnamate and anani xanthones main constituents

Santos et al., 2017).
In developing countries, acquired immunodeficiency syndrome

AIDS) is still a great cause of death. Human immunodeficiency
irus-1 (HIV-1) leads to AIDS via destruction of T-cells after invasion
nd replication inside the host cells. Most conventional drugs used
s anti-HIV (anti-human immunodeficiency virus) are nucleoside-
ased. Their use has serious limitations because of adverse effects,
esistance and toxicity. They undergo first pass metabolism, lead-
ng to inactivation and generation of toxic metabolites (Singh et al.,
010; Pasetto et al., 2014; Saravanan et al., 2015). Natural prod-
cts have been used as lead compounds aiming to obtain effective
rugs against many ailments, including AIDS. Several flavonoids
ave been shown to be active against HIV (Pasetto et al., 2014).

lthough flavonoids are common constituents of several propolis

ypes, not much has been investigated about propolis antiretro-
iral activity. Among the methods used to test anti-HIV activity,
he anti-reverse transcriptase method has been widely used for
rmacognosia 29 (2019) 309–318

bioassay guided fractionation and determination of IC50 of isolated
compounds (Reutrakul et al., 2007; Zhang et al., 2017).

The objective of the present study is to determine the chemical
composition of a propolis produced in the municipality of Salitre
(state of Ceará, northeast Brazil). In addition, it is intended to isolate
constituents of this propolis with antioxidant and anti-HIV activ-
ity, aiming to detect constituents accounting for the activity of the
extracts.

Material and methods

Propolis sample and extraction

The propolis sample was  collected in the municipality of Salitre
(7◦16′56′′ S, 40◦27′21′′ W),  Ceará state (northeast Brazil). Approx-
imately 50 g of propolis was  submitted to extraction in Sohxlet
for 6 h, using 500 ml  of solvents with increasing polarity (hex-
ane, chloroform, ethyl acetate and methanol). The extracts were
concentrated under reduced pressure, re-suspended in chloroform
(hexane and chloroform extracts) or methanol (ethyl acetate and
methanol extracts) and filtered.

Characterization of constituents by GC–EI-MS

Analyses of 1 �l of chloroform and methanol solutions at
1 mg/ml  were carried out by GC–MS in split mode, using a
6850 Agilent gas chromatograph operating at the split mode
and equipped with a capillary column DB-5HT (30 m × 0.32 mm,
0.25 �m)  coupled to an injector using a pulsed split ratio 1:10. The
chromatograph was  coupled to a 5975C VL MSD  Agilent mass spec-
trometer operating with electron impact ionization at 70 eV. The
temperature of both injector and detector was 300 ◦C. Helium was
used as carrier gas at 1.5 cm3 min  flow rate. Oven temperatures
ranged from 100 to 300 ◦C at 10 ◦C/min, finishing with a 15 min
isothermal period. The mass spectrometer was set to detect in
the m/z range 50–650 in the scan mode using a source tempera-
ture of 250 ◦C, a quadrupole temperature of 110 ◦C and a filament
emission current of 35 �A. Characterization of constituents was
achieved by matching query spectra to spectra present in a refer-
ence library. Thus, the fragmentation pattern of the EI mass spectra
of constituents was  compared via spectrum matching with the ref-
erence mass spectra in the library NIST 08 and Wiley-275 (Hewlett
Packard, Wiley/NBS, Koo et al., 2013), and a list of most probable
identities was  produced based on the best mass spectrum matching
score. Comparison with data reported in literature also was used
for characterization, as well as comparison with authentic standard
of lupeol. Relative amounts of constituents were assumed to be
proportional to the areas under the corresponding chromatogram
peaks.

Characterization of constituents by HPLC–DAD and
HPLC–DAD–ESI-MS/MS

RP HPLC–DAD–ESI-MS/MS analyses of ethyl acetate extract and
its fractions were conducted using a DADSPD-M10AVP Shimadzu
system equipped a photodiode array detector coupled to Esquire
3000 Plus mass spectrometer, Bruker Daltonics, which consisted
of two LC-20AD pumps, SPD-20A diode array detector, CTO-20A
column oven and SIL 20AC autoinjector (Shimadzu Corporation
Kyoto, Japan). All the operations, acquisitions and data analyses
were controlled by the Shimadzu CBM-20A controller. Separations
were carried out using a C18 RP Luna Phenomenex reverse phase

column (4.6 × 250 mm i.d., 5 �m),  protected with a security guard
cartridge (Gemini C18, 4.0 × 2.0 mm i.d.). The mass spectrometer
was a quadrupole ion trap with atmospheric pressure ionization
source through electrospray ionization interface (ESI) operating in
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he scan MS  mode from m/z 100 to 1500. The ethyl acetate extract
nd its fractions (2 mg/ml) were filtered through a 0.45 �m poly-
etrafluoroethylene (PTFE) membrane filters, and a 10 �l aliquot
as injected into the chromatograph. The column temperature
as maintained at 40 ◦C and the flow rate was 1 ml/min. The DAD

cquisition wavelength was set in the range of 240–400 nm and
hromatograms were recorded at 250, 300 and 352 nm.  After pass-
ng through the flow cell of the DAD, the column eluate was split,
nd a flow of 100 �l/min was diverted to the mass spectrometer.
he mobile phase was composed by eluent A (0.1% aqueous acetic
cid) and eluent B (methanol). The following elution program,
ased on concentrations of the B solvent, was used: 0 min, 20%;
0 min, 40%; 20 min, 60%; 30 min, 80%; 40 min, 95%; 50 min, 95%.
elium was used as the collision, and nitrogen as the nebulizing
as, respectively. Nebulization was aided with a coaxial nitrogen
heath gas provided at pressure of 27 psi. Mass spectra were
cquired in both negative and positive modes with ion spray
oltage at 3.0 kV, capillary temperature at 300 ◦C, capillary voltage
t 45 V and drying gas flow 6 l/min. Collision induced dissociation
pectra were obtained in the ion trap using helium as the collision
as, with voltage ramping cycles from 0.5 to 1.3 V. The constituents
ere characterized by ultraviolet and mass spectral data (MS).

he MS data were compared with mass spectral databases
henol-Explorer (www.phenol-explorer.eu), ChemSpider
http://www.chemspider.com), Metlin (http://metlin.scripps.edu)
nd HMDB (www.hmdb.ca), besides MS  data reported in literature
see Table 2). Quercetin, naringenin, isorhamnetin, caffeic acid and
-coumaric acid from Sigma-Aldrich were used as standards using
he same chromatographic conditions.

ioguided isolation of active constituents

The extracts with higher antioxidant activity (evaluated accord-
ng to section Antioxidant activity; see below) were fractionated
y column chromatography using silica gel and the following sol-
ents: F1: hexane; F2: hexane:chloroform (50:50); F3: chloroform;
4: chloroform:ethyl acetate (50:50); F5: ethyl acetate; F6: ethyl
cetate:methanol (50:50) and F7: methanol. Fractions that exhib-
ted higher antioxidant and anti-HIV activities were submitted to
emi-preparative HPLC to isolate the main active constituents. The
solation was performed with a reverse phase Zorbax C18 RP-18
olumn (Hewlett Packard; 9.6 × 250 mm,  5 �m)  and mobile phase
omposed by eluent A (0.1% aq. acetic acid) and eluent B (methanol)
t 2.5 ml/min constant flow rate and 40 ◦C constant temperature.
he following elution program was used, based on the concen-
ration of B: 0 min: 20%; 10 min: 40%; 20 min: 60%; 30 min: 80%;
0 min: 90%; 50 min: 95%. The antioxidant and anti-HIV activities
f isolated compounds were evaluated and those obtained in high
ontents were analyzed by 1H NMR  and 13C NMR.

MR  spectra of isolated compounds

NMR  spectra of isolated compounds were recorded in MeOD
ith a Bruker Advance III (300 MHz). Chemical shifts are given in
pm and were referenced to the solvent (MeOD) signal at 3.31 ppm
or 1H and 49.3 ppm for 13C.

ntioxidant activity

Antioxidant activities were measured by the DPPH (1,1-
iphenyl-2-picryl-hydrazyl) free radical scavenging (Moreno et al.,

000) and the �-carotene discoloring methods (Koleva et al.,
002), with minor modifications. For the DPPH method, samples
t 10, 15 and 30 �g/ml were maintained in the dark for 30 min.
he absorbance was measured in a SynergyTM Neo2 Multi-Mode
rmacognosia 29 (2019) 309–318 311

Microplate Reader at 517 nm.  The percentage of free radical scav-
enging was  calculated by the following formula:

% Free radical scavenging

= DPPH absorbance − sample absorbance
DPPH absorbance

× 100

Quercetin in methanol solutions (5–30 �g/ml) was used as ref-
erence control and a solution of DDPH in methanol as negative
control. The antioxidant activity of the samples was  calcu-
lated according to the regression equation y = 13.043x (R2 = 0.96),
obtained with the quercetin solutions. The results of free radical
scavenging capacity are given as mg  of quercetin equivalent per g
of propolis (mg  QE/g). Tests for all samples were run in triplicates.

For the �-carotene discoloring method, a reactive solution con-
taining 200 �g of �-carotene, 25 �l of linoleic acid and 200 �l of
Tween 40 was  solubilized in 50 ml  of distilled water saturated with
oxygen. The absorbance of this solution was  set to lie between 0.7
and 0.8 at 470 nm (Righi et al., 2013). For the oxidation reaction,
1 ml  of the reactive solution was  added to 120 �l of methanol solu-
tions of the samples at the 120 �g/ml concentration. The solutions
were left standing in the dark for 2 h. Then, at every 30 min, the
absorbance of the solutions was read at 470 nm,  using a SynergyTM

Neo2 Multi-Mode Microplate. The results are expressed as percent
of inhibition, comparing the decrease in absorbance of the sam-
ples with the decrease of the absorbance of the control (reactive
solution + methanol), according to the following formula:

% Antioxidant activity

= 1 − control absorbance − sample absorbance
control absorbance

× 100

Quercetin in methanol solutions (20–120 �g/ml) was used as
reference control. The antioxidant activity of the samples was  cal-
culated according to the regression equation y = 102.14x  + 13.92
(R2 = 0.92), obtained with the quercetin solutions. Results of antiox-
idant activities are given as mg  of quercetin equivalent per g of
propolis (mg  QE/g). All samples were tested in triplicates.

Anti-HIV activity

Among the methods used to test antiviral activity against HIV,
the quantitative determination of retroviral reverse transcriptase
activity is used for bioassay guided fractionation and determi-
nation of IC50 of isolated compounds (Reutrakul et al., 2007;
Zhang et al., 2017). The colorimetric enzyme immunoassay for
the quantitative determination of retroviral reverse transcriptase
activity was  evaluated with recombinant HIV-1 enzyme, using a
non-radioactive HIV-1 RT colorimetric ELISA kit (Roche Applied
Sciences, Mannheim, Germany), Roche

®
, following the general rec-

ommendations of the manufacturer. Samples were diluted in 10%
dimethyl sulfoxide (DMSO) to a final concentration of 200 �g/ml.
Aliquots of 20 �l of the samples were applied on 96 well plates.
Foscarnet was used as positive control at 10 �g/ml. Controls used
were control A (without sample and without reverse transcriptase)
and control B (without sample, but with reverse transcriptase).
The absorbance was read on a Thermo ScientificTM MultiskanTM

FC Microplate Photometer at 405 nm.  The percentage of inhibition
was calculated by the following formula (Meragelman et al., 2001;
Ono et al., 1990):
% Inhibition

= 1 − sample absorbance − control A absorbance
control B absorbance − control A absorbance

× 100

http://www.phenol-explorer.eu/
http://www.chemspider.com/
http://metlin.scripps.edu/
http://www.hmdb.ca/
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Fig. 1. Chromatogram obtained by GC–EI-MS analysis of the hexane extract of a
propolis sample from the municipality of Salitre (state of Ceará, northeast Brazil).
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esults

haracterization of isolated constituents by NMR

Naringenin (9): 1H NMR  (300 MHz, MeOD, TMS), ı H (ppm) J
Hz) 5.43 (1H, dd, J = 13, 2.8 Hz, H-2), 3.26 (1H, dd, J = 13, 16.5 Hz,
-3a), 2.65 (1H, dd, J = 16.5, 2.8 Hz, H-3b), 5.93 (1H, d, J = 2.1, H-6),
.94 (1H, d, J = 2.1, H-8), 6.85 (2H, d, J = 7.8 Hz, H-3′, 5′), 7.35 (2H, d,

 = 7.8 Hz, H-2′, 6′). 1H NMR  chemical shifts are in accordance with
iterature data reported by Lemos da Silva et al. (2015).

4,2′,4′-Trihydroxy-2-methoxychalcone (12): 1H NMR  (300 MHz,
eOD, TMS), ı H (ppm) J (Hz) 7.68 (1H, d, J = 14 Hz, H-�),  7.66 (1H,

, J = 14 Hz, H-�), 7.63 (1H, d, J = 6.5 Hz, H-6′), 7.62 (1H, d, J = 7 Hz,
-6), 7.09 (1H, dd, J = 3, 6.5 Hz, H-5′), 7.07 (1H, dd, J = 2.8, 7 Hz, H-5),
.6 (1H,d, J = 3 Hz, H-3′), 6.7 (1H,d, J = 2.8 Hz, H-3), 3.96 (3H, s). The

dentification was carried out through comparison with 1H NMR
nd MS  data reported by Khamsan et al. (2012) and Kajiyama et al.
1992).

Myricetin-3,3′,7,-trimethyl ether (14): 1H NMR  (300 MHz,
eOD, TMS) ı 7.56 (2H, s, H-2′, 6′), 6.52 (1H, d, J = 2.0 Hz, H-8),

.40 (1H, d, J = 2.0 Hz, H-6), 3.96 (3H, s, OMe), 3.94 (3H, s, OMe),

.83 (3H, s, OMe). 13C NMR  (150 MHz, CD3OD) ı 180.8 (C-4), 163.3
C-7), 160.8 (C-5), 157.4 (C-9), 154.1 (C-2), 152.0 (C-3′, 5′), 140.0
C-3), 122.3 (C-4′), 116.4 (C-1′), 112.5 (C-2′, 6′), 104.7 (C-10), 92.2
C-8, 6), 61.2 (OMe), 60.7 (OMe), 57.1 (OMe). 1H NMR  and 13C NMR
hemical shifts are in accordance with literature data reported by
ranjc et al. (2016).

5-Hydroxy-3,6,7,8,4′-pentamethoxyflavone (15): 1H NMR
400 MHz, MeOD) ı 8.13 (2H, d, J = 8.8 Hz, H-2′,6′), 7.10 (2H, d,

 = 8.8, H-3′,5′), 3.97 (3H, s, OMe), 4.10 (3H, s, OMe), 3.96 (3H, s,
Me), 3.90 (3H, s, OMe), 3.87 (3H, s, OMe). The 1H NMR  chemical

hifts are in accordance with literature data reported by Paula et al.
2002) and Zou et al. (2010).

haracterization of constituents by GC–EI-MS

Fig. 1 represents the chromatogram of the GC analyses of the
exane extract. The main constituents detected in hexane and chlo-
oform extracts are listed in Table 1. They were characterized based
n mass spectra (Koo et al., 2013) comparisons with the library NIST
8 and Wiley-275, with similarity percentage higher than 95% and
IST Match Factor – 850. Two main constituents were detected
nd characterized in both extracts, namely, octanoic acid tetraco-
yl ester (3) and octanoic acid hexacosyl ester (4), with molecular
ons (M+) at m/z  480 (C32H64O2) and m/z 508 (C34H68O2), respec-
ively. The base peak at m/z  143 corresponds to the protonated acid

oiety ((C8H15O2)+) (Palacios et al., 2015). Saturated straight-chain
ster contains product ions derived from the fatty acid moiety of
he ester ([R1COO]+) (Tada et al., 2014). The triterpenoid lupenone

 exhibited molecular ion M+ at m/z  424 (30) and a base peak at
/z  205 (100), agreeing with data of Xu et al. (2018), while lupeol

2) had M+ at m/z 426 (1) and base peak at m/z  189 (100) (Table 1),
greeing with data of Pereira Beserra et al. (2018).

haracterization of constituents by RP HPLC–DAD–ESI-MS/MS

Fig. 2 represents the chromatogram obtained by RP
PLC–DAD–ESI-MS/MS analysis of the ethyl acetate extract.
ompounds characterized are listed in Table 2, including retention
imes, [M+H]+ and [M−H]− ions corresponding to protonated and
eprotonated molecules, respectively, and relevant MS/MS  ions.
affeic acid (5), p-coumaric acid (6), quercetin (8), naringenin

9) and isorhamnetin (10) were identified by comparison with
uthentic standards (Sigma-Aldrich). Naringenin (9) was identified
lso by 1H NMR  spectrum and comparison with data reported
y Lemos da Silva et al. (2015). Isorhamnetin (10) exhibited
Digits on the chromatograms peaks correspond to compounds characterized and
listed in Table 1.

UV/vis maximum absorption at 270, 295 sh, and 360 nm,  and also
[M+H]+at m/z 317 (Table 2). The mass spectrum of deprotonated
molecule at [M-H]− at m/z 315 exhibited base peak at m/z 300,
produced by a stable radical anion [M−H−15]•− (Engels et al.,
2012; Cao et al., 2009).

Compound 7, tentatively characterized as diprenylcinnamic
acid, exhibited UV/vis maximum absorption at 310 nm,  typical of
phenylpropanoids, and [M+H]+ at m/z 285. The base peak at m/z  147
is produced by the loss of two prenyl groups (138 Da) (Righi et al.,
2013; Taddeo et al., 2016). Compound 11 exhibited UV/vis maxi-
mum  absorption at 260 and 360 nm,  characteristic of flavonols, as
well as [M−H]− at m/z  625. Its base peak was m/z 301 (characteristic
of quercetin) and the observed losses of 324 Da are consistent with
O-glycoside (hexoside) fragmentation (Karar and Kuhnert, 2015;
Kumar et al., 2017). Compound 11 was characterized as quercetin-
3-O-diglucoside. UV/vis maximum absorption of chalcones lies in
the range 340–390 nm.  The maximum absorption of compound 12
was 370 nm.  Its MS  spectrum provided a deprotonated molecule at
m/z 285 and an adduct [2M−H]− ion at m/z 570 (Table 2 and Fig. 3).
The ESI MS  under positive mode provided a dominant product ion
at m/z 257, corresponding to the loss of 30 Da and a neutral loss
of CH2O (methanal). According to George et al. (2009) ESI meth-
ods protonate chalcones at the carbonyl oxygen, producing species
that undergo Nazarov type cyclizations, capable of catalyzing pro-
ton migrations in the gas phase. Substituent such as OCH3 at the
2-position can be sufficiently basic to assist in proton transport.
The 1H NMR  spectrum from 12 exhibited a pair of doublet trans
protons at ı 7.68 (1H, d, J = 14.0 Hz) and 7.66 (1H, d, J = 14.0 Hz). The
signals at ı 7.62 (1H, d, J = 7 Hz, H-6), 7.07 (1H, dd, J = 2.8, 7 Hz, H-5)
and ı 6.7 (1H,d, J = 2.8 Hz, H-3) are consistent with substitution at
2 and 4 position of the B ring. The signals at 7.63 (1H, d, J = 6.5 Hz,
H-6′), 7.09 (1H, dd, J = 3, 6.5 Hz, H-5′) and at ı 6.6 (1H,d, J = 3 Hz, H-
3′) is consistent with A ring possessing hydroxyl groups at 2′ and
4′ positions. The methoxyl group appeared at ı 3.96 (3H,s, OCH3).
Based on 1H NMR  and MS  data reported by Kajiyama et al. (1992),
George et al. (2009), Khamsan et al. (2012), Li et al. (2017), and Sun
et al. (2017), compound 12 was  assigned as 4,2′,4′-trihydroxy-2-
methoxy chalcone (2-methoxy isoliquiritigenin).

Compound 13,  tentatively identified as gossypetin-3,3′,4′,7-
tetramethyl ether, exhibited UV maximum absorption at
260–360 nm,  a sodium adduct at m/z 397 and [M+H]+ at m/z
375. The characterization was based on the mass spectral
database HMDB (www.hmdb.ca) and MS  data reported by
Ali Khan et al. (2018) and Kranjc et al. (2016). Compound
14, assigned asmyricetin-3,3′,7-trimethyl ether, exhibited UV

−
maximum absorption at 260–355 nm,  [M−H] at m/z  359 and
[M+H]+ at m/z 361, respectively (Table 2 and Fig. 3). The MS/MS
experiments at m/z 359 produced a fragment ion at m/z  344
arising from the loss of the methyl radical (Hussein et al., 2003;

http://www.hmdb.ca/
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Table  1
Compounds characterized by GC–EI-MS analyses from the n-hexane and chloroform extracts of a propolis sample from Salitre (state of Ceará, northeast Brazil).

Comp. number RT (min) Proposed characterization MS  data (M+) and fragment ions (m/z)a

1 26.48 Lupenone 424 (30) 205 (100), 189 (60), 218 (50), 245 (40), 313 (40), 409 (30), 109 (90)
2  26.65 Lupeol 426 (1), 218 (50), 207 (80), 189 (100), 121 (80), 95 (100)
3  27.58 Octanoic acid tetracosyl ester 480 (1), 207 (13), 143 (100), 125 (51), 95 (16)
4  29.62 Octanoic acid hexacosyl ester 508 (1), 207 (13), 143 (100), 125 (51), 95 (16)

GC, gas chromatography; EI, electron impact; MS,  mass spectrum data; RT, retention time
a NIST Match Factor: 850.
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xtract of a propolis sample from the municipality of Salitre (state of Ceará, northeast
razil). Digits on the chromatogram peaks correspond to compounds characterized
nd listed in Table 2.

ranjc et al., 2016). Methoxylated flavonoid structures lead to
table radical anions [M−H−15]•− (Engels et al., 2012). In positive
onization mode fragment ions at m/z 345 and m/z 328 were
bserved, corresponding to the sequential losses of methyl group
nd water. The 1H NMR  spectrum exhibited three distinct methoxy
roton resonances at ı 3.96, 3.94 and 3.83 ppm. In the aromatic
egion, the spectrum exhibited a singlet at ı 7.56 ppm correspond-

ng to the two protons (H-2′ and H-6′) and two  meta coupled
roton doublets (J = 2 Hz) at ı 6.52 and 6.40 ppm, corresponding
o theH-6 and H-8 protons of chromone moiety. In 13C NMR
pectrum, the most upfield signals at ı 61.2, 60.7 and 57.1 were

able 2
onstituents from the ethyl acetate extract of a propolis sample from Salitre (state of Cea

Comp. number RT (min) UVmax (nm) MS, negative mode
(m/z)a

MS,  

(m/z

5 16.2 300, 330 [M−H]− 179 [M+
6  21.1 310 [M−H]− 163 [M+
7  25.8 310 ND [M+

[M+
MS/

8 30.3 256, 300 sh, 360 [M−H]+ 301 [M+
9  30.9 290, 337 sh [M−H]− 271

MS/MS 253, 225
[M+
MS/

0 32.1 270, 295 sh, 360 [M−H]− 315
MS/MS 300

[M+

1 34.2 260, 360 [M−H]− 625
MS/MS 301

ND 

2 34.3 260 sh, 370 [M−H]− 285 [M+
[M+
MS/
137

3 36.9 260, 360 ND [M+
[M+

4 37.4 255, 265 sh, 352 [M−H]− 359
MS/MS 344

[M+
MS/

5 39.9 255, 267 sh, 350 ND [M+
[M+

PLC, High Performance Liquid Chromatography; DAD, diodo array detecter; ESI, electrosp
D,  not detected.
a ND: not determined.
; NIST, National Institute of Standards and Technology.

assigned to the carbons of the methoxy groups. Etherification at
position 3, led to the downfield shift of C-3 to ı 140.6 ppm, as
reported by Kranjc et al. (2016).

Compound 15,  assigned as 5-hydroxy-3,6,7,8,4′-
pentamethoxyflavone, provided UV/vis spectrum with maximum
absorption at 255, 267 sh and 350 nm,  [M+H]+ at m/z  389 and
sodium adduct at m/z 411. The mass spectrum was compared
with data reported by Zhang et al. (2011). The 1H NMR  spectrum
showed signals at ı 8.13 (2H, d, J = 8.8 Hz, H-2′, 6′) and ı 7.10 (2H, d,
J = 8.8, H-3′,5′) corresponding to the protons of ring B and methoxy
groups at ı 3.97 (3H, s), 4.10 (3H, s), 3.96 (3H, s), 3.90 (3H, s), 3.87
(3H, s), which is in accordance with data reported by Paula et al.
(2002) and Zou et al. (2010).

Antioxidant activities

The antioxidant activity of the extracts carried out with the
DPPH method varied widely, for example5.32 ± 1.08 (hexane
extract) and 240.20 ± 4.90 mg  EQ g−1 (ethyl acetate extract); chlo-
roform and methanol extracts showed activities of 30.46 ± 5.82
and 102.94 ± 2.95 mg  EQ g−1, respectively. On the other hand, with
the �-carotene method, the antioxidant activities of extracts
ranged from 4.4 ± 0.31 (hexane extract) to 37.95 ± 1.3 mg EQ g−1
(ethyl acetate extract). Chloroform and methanol extracts showed
activities of 12.76 ± 0.16 and 17.76 ± 1.22 mg  EQ g−1, respectively.
Ethyl acetate extract exhibited greater antioxidant activity with
both evaluated methods, thus, bioassay-guided fractionation was

rá, northeast Brazil), characterized by HPLC–DAD–ESI-MS/MS analysis.

positive mode
)a

Proposed
characterization

Means used for
characterization

H]+ 181 Caffeic acid Standard
H]+ 165 p-Coumaric acid Standard
Na]+ 307
H]+ 285
MS  147

Diprenyl cinnamic acid Taddeo et al. (2016) and Righi
et al. (2013)

H]+ 303 Quercetin Standard
H]+ 273
MS  153, 147

Naringenin Standard; 1H NMR analysis,
Lemos da Silva et al. (2015)

H]+ 317 Isorhamnetin Standard; Engels et al. (2012)
and Cao et al. (2009)

Quercetin
3-O-diglucoside

Karar and Kuhnert (2015) and
Kumar et al. (2017)

Na]+ 309
H]+ 287
MS  257, 147,

4,2′ ,4′-Trihydroxy-2-
methoxychalcone

1H NMR  analysis, Li et al.
(2017)

Na]+ 397
H]+ 375

Gossypetin-3,3′ ,4′ ,7-
tetramethyl
ether

MS database HMDB, Ali Khan
et al. (2018) and Kranjc et al.
(2016)

H]+ 361
MS  345, 328

Myricetin-3,7,3′-
trimethyl
ether

NMR (1H and 13C) analyses,
Engels et al. (2012) and
Hussein et al. (2003)

Na]+ 411
H]+ 389

5-Hydroxy-3,6,7,8,4′-
pentamethoxyflavone

1H NMR  analysis, Zhang et al.
(2011), Paula et al. (2002) and
Zou et al. (2010)

ray ionization; MS,  mass spectra data; RT, retention time; UV, ultraviolet spectrum;
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chieved by column chromatography for isolation of its con-
tituents.

The antioxidant properties of fractions isolated from the ethyl
cetate extract are shown in Table 3. Antioxidant activity on DPPH
ethod ranged from 14.95 ± 1.11 (F3) to 112.12 ± 2.78 mg  EQ g−1

F7). On the other hand, the activity of the fractions ranged from
1.13 ± 0.00 (F6) to 36.28 ± 0.29 mg  EQ g−1(F5) with the �-carotene
ethod, while F1–F4 were inactive (Table 3).
The main constituents of the most actives fractions F5–F7

erived from the ethyl acetate extract were isolated and their
ntioxidant properties were evaluated. The results are shown

n Table 3. With the DPPH method, the antioxidant activ-
ty ranged from 2.51 ± 2.20 for diprenylcinnamic acid (9) to
72.86 ± 2.89 mg  EQ g−1 for isorhamnetin (10). On the other hand,
ith the �-carotene method, the antioxidant activities ranged
cetate extract of a propolis sample from the municipality of Salitre (state of Ceará,
hy ether (14), both isolated from the ethyl acetate extract of propolis sample from

 negative mode; C: UV/vis absorption spectrum.

from 13.94 ± 0.64 for 4,2′,4′-trihydroxy-2-methoxychalcone (12) to
49.35 ± 0.00 mg  EQ g−1 for quercetin (8).

Anti-HIV activity: HIV-1 reverse transcriptase colorimetric assay

The preliminary screening for HIV-1 reverse transcriptase inhi-
bition was  performed using 200 �g/ml of constituents and extracts
(Woradulayapinij et al., 2005). At this concentration, hexane, chlo-
roform and ethyl acetate extracts were inactive and crude methanol
extract showed weak activity (2.56 ± 0.06%) regarding the inhibi-
tion of the HIV-1 reverse transcriptase. Fractions F2–F6 did not

inhibit the HIV reverse transcriptase, and F1 and F7 showed weak
activity (3.64 ± 0.73% and 22.54 ± 1.71%, respectively).

On the other hand, the isolated compounds were more effective,
varying from17.88 ± 4.04 [p-coumaric acid (6)] to 56.99 ± 3.91%
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Scheme 1. Structures of constituents of a propolis sample from Salitre (state of Para

Table 3
Antioxidant activity of fractions isolated by column chromatography of the ethyl
acetate extract and constituents isolated from these fractions in the ethyl acetate
extract of a sample of propolis from Salitre (state of Ceará, northeast Brazil). The
results are expressed as mg  of equivalent quercetin per gram (EQ g−1).

Fraction �-Carotene method DPPH method

F1 Inactive 17.83 ± 1.20
F2  Inactive 20.46 ± 0.79
F3  Inactive 14.95 ± 1.11
F4  Inactive 25.18 ± 0.00
F5  36.28 ± 0.29 28.33 ± 3.34
F6  31.13 ± 0.00 98.75 ± 1.67
F7  32.47 ± 1.02 112.12 ± 2.78

Isolated compounds

p-Coumaric acid (6) 31.84 ± 3.12 374.96 ± 2.33
Diprenyl cinnamic acid (7) Inactive 2.51 ± 2.20
Naringenin (9) 28.74 ± 2.56 35.44 ± 3.70
Isorhamnetin (10) 42.38 ± 2.16 572.86 ± 2.89
4,2′ ,4′-Trihydroxy-2-methoxychalcone (12) 13.94 ± 0.64 32.69 ± 3.47
Myricetin-3,3′ ,4′-trimethyl ether (14) 41.87 ± 0.48 559.97 ± 1.64

Table 4
HIV-1 reverse transcriptase inhibition of isolated constituents from the ethyl acetate
of  a sample of propolis from Salitre (state of Ceará, northeast Brazil).

Compound % Inhibition

p-Coumaric acid (6) 17.88 ± 4.04
Diprenyl-cinnamic acid (7) 41.59 ± 2.59
Quercetin (8) 43.41 ± 4.56
Naringenin (9) 44.22 ± 1.71
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Isorhamnetin (10) 56.99 ± 3.91
4,2′ ,4′-Trihydroxy-2-methoxychalcone (12) 34.01 ± 4.12
Myricetin-3,3′ ,4′-trimethyl ether (14) 35.35 ± 3.99

isorhamnetin (10)], as can be seen in Table 4. The inhibitory effect
n HIV reverse transcriptase can be classified as strong (>90%),
oderate (>50–90%) and weakly active (<50%). According to this

lassification, the most active compound was isorhamnetin (10,
able 2) with a moderate activity (56.99 ± 3.91%, Table 4). Accord-
ng to a study carried out by Cole et al., flavonoids that contain
ither a �- or �-hydroxy-carbonyl motif within their structure can
xhibit high anti-HIV activity.

iscussion

There are many studies about green propolis from south-

ast region of Brazil and red propolis from the northeast region.
owever, there is little information about propolis from Ceará
tate (Albuquerque et al., 2007; Gutierrez-Gonç alves and Marcucci,
009). It is known that the chemical composition of propolis varies
ná, northeast Brazil). Digits correspond to compounds listed in Tables 1 and 2.

according to phytogeographic regions (Kasiotis et al., 2017). On the
other hand, the chemical composition of propolis is often similar
in a determined geographic region (Pasupuleti et al., 2017; Kocot
et al., 2018).

The propolis sample analyzed in this study was harvested in
the municipality of Salitre, in the Atlantic forest region of the
Araripe plateau, Ceará State. Albuquerque et al. (2007) analyzed
the chemical composition of a propolis from Ceará, harvested in
Alto Santo, located within a Caatinga region. The Atlantic forest
region of the Araripe plateau possesses distinct soil, weather pat-
terns and flora, in comparison with the Caatinga region. In propolis
from Alto Santo, canaric acid, the triterpenes lupeol, lupenone, ger-
manicone and the flavonoids quercetin, kaempferol and acacetin
were identified as main constituents. The botanical resin source
of propolis from Alto Santo, although unknown, probably contains
canaric acid as one of the main constituents (Albuquerque et al.,
2007). As can be seen in Tables 1 and 2, lupenone (1), lupeol (2)
and quercetin (8) were detected in Salitre propolis. However, these
compounds are widely distributed in plants. Among the other con-
stituents detected, chalcones (for example 12) have been detected
also in Brazilian red propolis (Bueno-Silva et al., 2017). The main
polar constituents detected in propolis from Salitre were methoxy-
lated flavonols, such asmyricetin-3,3′,7-trimethyl ether. A new type
of green propolis harvested from Rio Grande do Norte State pos-
sesses methoxylated flavonols and chalcones as main constituents
(Ferreira et al., 2017). However, myricetin-3,3′,7-trimethyl ether
(14) and 5-hydroxy-3,3′,4′,7,8-pentamethoxyflavone (15) suggest
that plants so far unreported contribute as resin sources for Salitre
propolis. The presence of a chalcone (compound 12,  Table 2, and
Scheme 1) as a relevant constituent in Salitre propolis suggests that
a plant from the Fabaceae family might be one of its resin sources
(Ferreira et al., 2017), although not belonging to the subfamily
Faboideae. Plants of the latter group of Fabaceae often contain
isoflavonoids, as is the case of D. castaphyllum, the resin source of
Brazilian red propolis (Rufatto et al., 2017; Salatino and Salatino,
2018). Isoflavonoids were not detected in the present study.

The biological activity of propolis has been assigned to the
antioxidant activity of phenolic compounds. Free radicals and other
oxidative agents can produce many cell toxins that induce oxida-
tive damage in biomolecules (Silva-Carvalho et al., 2015; Zheng
et al., 2017). Flavonoids and other phenolic compounds protect
cells against the damage caused by oxidation, acting as potent
inhibitors of oxidative stress, which is involved in the pathogene-
sis of neurodegenerative disorders (Zheng et al., 2017). In addition,

the intracellular free radical scavenging capacities of phenolic com-
pounds can protect cell membranes against lipid peroxidation
(Daleprane and Abdalla, 2013; Galeotti et al., 2018). Phenolic com-
pounds exert antioxidant activity through the donation of hydrogen
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toms from an aromatic hydroxyl group, leading to sequestration
f free radicals (Zaccaria et al., 2017; Amorati et al., 2017).

The antioxidant activity of the propolis sample from Salitre was
valuated by two assays, DPPH and �-carotene/linoleic acid. The
PPH (1,1-diphenyl-2-picrylhydrazyl) assay measures the hydro-
en atom donation capacity of phenolic compound to scavenge the
PPH radical (Table 3). The �-carotene bleaching method evaluate

he ability of phenolic compound to prevent the oxidation of �-
arotene, protecting it from the free radicals generated during the
eroxidation of linoleic acid (Zheng et al., 2017). The ethyl acetate
xtract exhibited the best antioxidant activity in both assays. Ethyl
cetate extracts of propolis from several Algerian regions exhibited
igh antioxidant activity by scavenging free radicals and preventing

ipid peroxidation (Boufadi et al., 2014).
The configuration, substitution, and total number of hydroxyl

roups in flavonoids can influence the mechanisms of radical
cavenging. The B ring hydroxyl configuration determines the scav-
nging of reactive oxygen species (ROS) through the donation of
ydrogen, producing relatively stable flavonoid radicals (Amorati
t al., 2017). The suppression of ROS formation is performed either
y inhibition of enzymes or by chelating trace elements involved

n free radical generation, scavenging ROS and upregulation or
rotection of antioxidant defenses, involved in mechanisms of
ntioxidant action (Amorati et al., 2017). Quercetin exhibits high
ntioxidant activity, because possess an ortho catechol group on
he B ring, which enables the generation of intra- and intermolec-
lar hydrogen bonds (Treml and Šmejkal, 2016). As can be seen

n Table 3, quercetin (8), isorhamnetin (10) and myricetin-3,3′,7-
rimethyl ether (14) exhibited high antioxidant activity, followed
y p-coumaric acid (6). Quercetin, a constituent of many types
f propolis (Zheng et al., 2017), revealed important cytotoxicity
rocesses against cultured human cells (Treml and Šmejkal, 2016;
morati et al., 2017) and can be used as a novel therapeutic agent

or neurodegenerative diseases induced by oxidative stress (Bao
t al., 2017).

The propolis sample from Salitre exhibited moderate activity
elative to the inhibition of HIV-1 reverse transcriptase (Table 4).
his enzyme converts the viral RNA to viral DNA, which is inte-
rated into the host genome by HIV integrase, responsible for
leaving the translated viral proteins required for formation of
ew HIV particles, which are released to infect others host cells
Pasetto et al., 2014; Saravanan et al., 2015; Li. et al., 2016).
lavonoids act as bactericidal and bacteriostatic agents by dam-
ging cytoplasmic membranes, inhibiting energy metabolism and
ynthesis of nucleic acids. Thus, it can be used as antiretrovi-
als for HIV therapy, due to higher antiviral activity and low
oxicity (Ahmad et al., 2015; Saravanan et al., 2015). The inhibi-
ion of the HIV-1 reverse transcriptase decreased in the following
rder: isorhamnetin (10), naringenin (9), quercetin (8), diprenyl-
innamic acid (7), myricetin-3,3′,7-trimethyl ether (14, Fig. 3)
nd 2′,4,4′-trihydroxy-2-methoxychalcone (12, Fig. 3). In general,
he presence of prenyl groups may  increase anti-HIV activity. A
avonoid containing a 5,7-dihydroxy-6,8-diprenyl system on the

 ring exhibited high anti-HIV activity (Meragelman et al., 2001;
urapati et al., 2016). A highly active flavonoid against HIV-1 pro-

ease is 6,8-diprenylgenistein, an isoflavone with two  prenyl groups
n the A ring and one hydroxyl group at the 4′ position of the B-ring
Lee et al., 2009).

Quercetin exhibited moderate activity against HIV-1, as
eported by Kurapati et al. (2016). Myricetin, with an additional
ydroxyl group on the 5′ position, is a stronger inhibitor of HIV-

 reverse transcriptase, indicating that the presence of either

he unsaturation between positions 2 and 3 of the flavonoid
yrone ring and three hydroxyl groups are important requi-
ites for inhibition of reverse transcriptase activity (Ono et al.,
990). Myricetin showed promising results against different
rmacognosia 29 (2019) 309–318

strains of HIV-1, while also showed insignificant cytotoxic effects
(Pasetto et al., 2014). Myricetin 3-O-rhamnoside and myricetin
3-O-(6-rhamnosylgalactoside) inhibited the reverse transcriptase
activity. The glycosylated moiety enhanced the anti-HIV-1 activ-
ity of myricetin (Ortega et al., 2017). However, in propolis
sample from Salitre, the hydroxyl groups of myricetin are in
methoxylated form and myricetin-3,3′,7-trimethyl ether exhib-
ited weak activity as inhibitor of reverse transcriptase HIV-1
(35.35 ± 3.99%). Coherently, the inhibitory activity against HIV-
1 reverse transcriptase was shown to decrease proportionally
with the degree of methoxylation of flavones (Ortega et al.,
2017).

Conclusions

The studied propolis sample from Salitre, a locality in the
Atlantic Forest region of the state of Ceará, possesses chemical pro-
file distinct from all propolis types of Brazilian propolis reported
so far. The finding of a chalcone among the relevant constituents
suggests a leguminous plant as resin source. The propolis sam-
ple possesses high antioxidant activity, as revealed by analysis
of its ethyl acetate extract. Fractions F5–F7 and isolated com-
pounds, such as p-coumaric acid (6) quercetin (8), isorhamnetin
(10) and myricetin3,3′,7-trimethyl ether (14) were shown to be
effective antioxidants. In addition, isorhamnetin (10) exhibited
moderate inhibition of HIV-1 reverse transcriptase, while other iso-
lated constituents were active in lower degree. The results obtained
strengthen the view that propolis research is an effective means to
detect bioactive substances of plant origin and that much further
work is needed aiming the determination of the botanical origin of
propolis produced in Brazil.
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