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ABSTRACT
Virola venosa, popularly known in Brazil as ucuuba-da-mata, occurs naturally in the Amazon region and has potential to
provide useful natural compounds, as already known for other Virola species. Therefore, the objective of this study was to
determine the chemical composition of bark and leaf extracts of V. venosa, and to test the antioxidant capacity and α-glucosidase
inhibition potential of their compounds. Polar extracts showed to be more active in both assays, therefore a bioactivity-guided
fractionation was performed to identify the compounds that were responsible for the recorded activities. Using a combination
of LC-MS/MS analysis and isolation with NMR identification, eight phenolic compounds were identified. Assays with pure
compounds of the active fraction revealed that ferulic acid was the main contributor compound to the observed bioactivity
in the crude extracts.
KEYWORDS: α-glucosidase inhibition, antioxidant compounds, ferulic acid, Amazon

Compostos fenólicos de Virola venosa (Myristicaceae) e avaliação de seu
potencial antioxidante e de inibição enzimática
RESUMO
Virola venosa, popularmente conhecida como ucuuba-da-mata, ocorre naturalmente na região amazônica e tem potencial
para fornecer compostos naturais úteis, como já foi mostrado para outras espécies de Virola. Por isso, o objetivo deste estudo
foi determinar a composição química dos extratos do tronco e das folhas de V. venosa e os possíveis potenciais antioxidantes
e de inibição contra α-glucosidase de seus compostos. Os extratos polares mostraram-se mais ativos em ambos os testes,
portanto, um fracionamento guiado por bioatividade foi realizado para designar os compostos responsáveis pelas atividades
registradas. Através da combinação de análise CL-EM/EM e isolamento com identificação por RMN, foram identificados
oito compostos fenólicos. Testes com os compostos puros principais das frações mais ativas indicaram o ácido ferúlico como
o principal contribuinte das atividades biológicas observadas para os extratos brutos, e, consequentemente, o princípio ativo
principal de V. venosa.
PALAVRAS-CHAVE: inibição de α-glucosidase, compostos antioxidantes, ácido ferúlico, Amazônia
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INTRODUCTION
The Myristicaceae, or nutmeg family, is an old group
containing 500 different species native to tropical rainforest
environments, which are distributed in 18 genera (Rodrigues
1980). Among these, Virola species have been studied over
the past years due to its folk medicinal applications in the
treatment of microbial infections, rheumatism, asthma,
hemorrhoids, tumors and inflammatory diseases (Barata et al.
2000; Stecanella et al. 2012; Coutinho et al. 2017).
Despite the description of β-carboline alkaloids (Kawanishi
et al. 1985), diarylpropanoids (Gottlieb et al. 1979), and
phenolic compounds such as chromones, flavonoids, lignans,
and neolignans (Lopes et al. 1999; Valderrama 2000, Pereira
et al. 2016; Veiga et al. 2017), several Virola species remain
chemically unstudied. Among the 93 known species of this
genus (Riba-Hernández et al. 2014), Virola venosa (Poepp
Ex. A. DC) Warb. (known as ucuuba-da-mata in Brazil)
lacks information about its chemical and pharmacological
potentials. So far, lignoids and phenolic compounds have
been described in restricted studies with the flowers and wood
of this tree species (Braz-Filho et al. 1977; Kato et al. 1992).
Therefore, considering the lack of knowledge on the chemical
composition and biological potentials of other parts of V. venosa,
this study aimed to perform a phytochemical study of the leaf
and bark extracts of V. venosa, aiming at the identification of
antioxidant and α-glucosidase inhibitory compounds.

MATERIAL AND METHODS
Reagents
The chemical reagents for in vitro biological assays used in
this work were purchased from Sigma-AldrichTM. The organic
solvents (n-hexane, ethanol, ethyl acetate, and methanol)
employed for the chemical analyses were of high-performance
liquid chromatography-grade (TediaTM). Ultrapure water
(18.2 MΩ.cm) was obtained from a Milli-Q purifier through
a gradient system (MilliporeTM).

Plant collection
Trunk bark (400 g) and young leaves (987 g) from a single
specimen of Virola venosa were collected in July 2013 in a
forest fragment reserve within the grounds of the Federal
University of Amazonas (UFAM) (03º60’58”S, 59°58’45”W),
in the city of Manaus, Amazonas state, Brazil. The fertile plant
material was identified by Dr. Antonio C. Weber of the UFAM
Herbarium, where a voucher specimen was deposited (HUAnº 010001). The Institutp Chico Mendes para Conservação
da Biodiversidade - ICMBio provided authorization (#
51662-3) from the Brazilian Ministry of Environment for
the plant collection. This work was performed according to
the special authorization for access to genetic resources in
Brazil (# 010240/2013-6), issued by Conselho Nacional de
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Desenvolvimento Científico e Tecnológico - CNPq/ Ministério
da Ciência, Tecnologia, Inovações e Comunicações - MCTIC.

Chemical extraction
The collected material was submitted to a sequential
maceration procedure at room temperature performed
with n-hexane (leaf extract, HLE and bark extract, THE),
ethyl acetate (leaf extract, ALE and bark extract, ATE), and
methanol (leaf extract, MLE and bark extract, MTE) (3 L and
3 X for each solvent). This yielded the respective solvent extract
of each plant part (Table 1). To select the most promising
extracts and further fractions for compound purifications, the
total phenolic content (TPC), antioxidant capacity (AC), and
α-glucosidase inhibition assays were performed (bioactivityguided fractionation).

Total phenolic content assay
The TPC was measured using the Folin-Ciocalteu colorimetric
method following Guilhon-Simplicio et al. (2017). Dried
extracts and fractions were dissolved in ethanol at 10 mg
mL-1. Each solution (1 mL) was transferred to a test tube,
where distilled water (400 μL) and the Folin-Ciocalteau
reagent (160 μL) were added. After homogenization, 10.6%
aqueous sodium carbonate (Na2CO3) (4 mL) was added.
After incubation for 3 min, the absorbance was measured at
740 nm in a Ultrospec 2000 spectrophotometer (Amersham
Pharmacia BiotechTM). The total polyphenol content was
expressed in milligrams (mg) of equivalents of gallic acid per
gram (g) of extract (mg GAE g-1).

Antioxidant capacity assay
The AC was determined for extracts and fractions through
the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH•) assay
in triplicate and in the same spectrophotometer according
to Souza et al. (2016). The consumption of DPPH• was
monitored by measuring the absorbance at 492 nm. For this
assay, the percentage of inhibition was calculated according
to the equation: percentage (%) of inhibition = 100 −
(absorbance / average absorbance of control) × 100, and as
half maximal efficient concentration (EC50) in micrograms
per milliliter (μg mL-1). The positive control was gallic acid
(EC50 3.5 μg mL-1).

Enzyme inhibition assay
For the α-glucosidase inhibition assay (Iauk et al. 2014),
initially a maltose solution (12 g of maltose in 300 mL of 50
mM sodium acetate buffer) was prepared. Enzyme solution
(0.1 mg mL-1), dianisidine color reagent (DIAN) (1 tablet in
25 mL), and peroxidase-glucose oxidase (PGO) system-color
reagent (1 capsule in 100 mL) were prepared in ice-cold distilled
water. Samples and controls were added to the maltose solution
and left to equilibrate for 5 minutes at 37 °C. The addition of
α-glucosidase solution started the reaction. After 30 minutes
of incubation at 37 °C, the reaction was stopped by adding a
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Table 1. Total phenolic content, antioxidant capacity, and enzyme inhibition potential of crude bark and leaf extracts, selected fractions, and isolated compounds
from Virola venosa.
TPCa
(GAE g-1)
4.28 ± 0.22
5.36 ± 0.27
6.14 ± 0.41
4.98 ± 0.29
7.13 ± 0.35
9.74 ± 0.58
22.13 ± 1.55
34.65 ± 1.74
17.10 ± 1.11
41.80 ± 2.09

Samples
HLE
HTE
ALE
ATE
MTE
MLE
MTFr.2
MTFr.3
MTFr.4
MLFr.7
Compound 2
Compound 4
Compound 5
Compound 6
Gallic acidf
Acarboseg

DPPHb
(%)
na
na
na
88.3 ± 1.15
99.4 ± 2.03
87.1 ± 1.88
99.9 ± 1.93
99.3 ± 1.90
86.7± 1.47
86. 2 ± 1.99
nd
nd
nd
nd
95.6 ± 0.85
nd

DPPH
(EC50, µg mL-1)c
na
na
na
34.7 ± 2.31
13.4 ± 1.12
30.1 ± 1.99
15.1 ± 1.20
18.6± 1.20
27.1± 1.38
29.1± 1.27

3.25 ± 0.25

α-glucosidased
(%)
na
na
76.1 ± 1.27
98.4 ± 2.04
99.8 ± 2.11
99.9 ± 1.99
79.2 ± 1.45
96.6 ± 2.00
98.5 ± 1.85
99.9 ± 2.01
na
99.9 ± 1.88
na
na
nd
99.9 ± 1.35

α-glucosidase
(EC50, µg mL-1 and mM)e

50.2 ± 2.47
1.92 ± 0.04
1.64 ± 0.05
1.93 ± 0.09
42.0 ± 2.67
15.0 ± 1.06
12.3 ± 1.31
11.0 ± 0.97
1.63 ± 0.11

6.05 ± 0.06

Total phenolic content expressed as gallic acid equivalents (GAE) per gram of crude extract or fraction.
b
Antioxidant capacity (AC) expressed in % of inhibition of the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH)
c
Antioxidant capacity (AC) expressed as μg mL-1 (EC50) of crude extract or fraction
d
Enzyme inhibition capacity expressed in % of inhibition of α-glucosidase
e
Enzyme inhibition capacity expressed as μg mL-1 (EC50) of crude extract or fraction and as mM for pure compounds
f
Positive control for the antioxidant assay.
g
Positive control for the enzyme inhibition assay
na = not active; nd = not determined
a

solution of perchloric acid. The supernatant of the tube from
the first step was mixed with DIAN and PGO and incubated
at 37 °C for 30 min. Acarbose was used as positive control.
All assays were performed in triplicate with extracts,
fractions, and pure compounds. The results were expressed
with its corresponding % and EC50 of inhibition mean ±
standard deviation (SD), and mM for pure compounds.

Bioactivity-guided fractionation and purification
The methanol extracts of the bark (MTE, 4.71 g) and of the
leaves (MLE, 11.7 g) were selected for the first fractionation
step due to their recorded biological activities. A part of MTE
(2.0 g) was subjected to a silica gel column chromatography,
eluted with gradient systems of n-hexane-ethyl acetate (90:10
to 10:90) and ethyl acetate-methanol (100:0 to 10:90). The
eluted fractions were pharmacologically assayed and chemically
evaluated by thin-layer chromatography (TLC). A portion
of the crude extract MLE (3.0 g) was fractionated over silica
gel column chromatography, eluted with gradient systems of
n-hexane-ethyl acetate (90:10 to 10:90), ethyl acetate-acetone
(100:0 to 10:90), and acetone-methanol (90:10 to 0:100).
The obtained fractions were compared by TLC and submitted
to TPC, AC, and α-glucosidase inhibition assays. Semipreparative high-performance liquid chromatography (HPLC)
fractionation with an isocratic elution (85% methanol) at a flow
rate of 8.0 mL min-1 was performed with the selected fractions
for the compound purification.
50
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Chemical identification
Liquid chromatography coupled to tandem mass spectrometry
analysis (LC-MS/MS) was performed according to Bataglion
et al. (2015) in order to access the chemical composition
of fractions MTFr.3-4 and MLFr.7. Collisional induced
dissociation (CID) fragmentation patterns were interpreted
in comparison with published data (Souza et al. 2016).
Nuclear magnetic resonance spectroscopy (NMR) analysis was
performed to confirm the chemical structures of the isolated
compounds. NMR data were acquired in methanol-d4 for
1
H and 13C nucleus at 500 and 125 MHz, respectively. The
obtained spectra were compared with the literature (Ivanov et
al. 2011; Koolen et al. 2012; Forino et al. 2016).

RESULTS
The preliminary TPC evaluation of the extracts indicated
that MTE, ATE and MLE had a high phenolic content, and
were the most active in the AC and enzyme inhibitory tests
(Table 1). Bioactivity-guided fractionation with ATE resulted
in non-active fractions, and therefore these samples were
discontinued from our screening program. Fractionations
with MTE and MLE resulted in six (MTFr.1 to MTFr.6) and
seven (MLFr.1 to MLFr.7) fractions, respectively. Fraction
MTFr.2 (ethyl acetate 100%) displayed a high AC (EC50 =
15.1 ± 1.20 µg mL-1). Nevertheless, the enzyme inhibition
of this fraction was lower compared to other samples. Thus,
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fractions MTFr.3 (ethyl acetate 1:1 methanol, v/v) and
MTFr.4 (ethyl acetate 2:8 methanol, v/v), which had AC
with EC50 = 18.6 ± 1.20, and 27.1 ± 1.38, respectively, for the
DPPH assay, and α-glucosidase inhibition with EC50 = 15.0
± 1.06, and 12.3 ± 1.31 µg mL-1, respectively, were selected
for purification. Based on the assay results and TLC analysis,
fractions MTFr.3 and MTFr.4 were pooled (MTFr.3-4, 81.3
mg) for further purification and chemical characterization.
From the leaf extract fractions, only MLFr.7 (50.0 mg) was
selected (methanol 100%). This fraction displayed moderate
AC (EC50 = 29.1 µg mL-1) and a high enzyme inhibition (EC50
= 11.0 ± 0.97 µg mL-1).

The LC-MS/MS analysis of MLFr.7 (Figure 1) and
MTFr.3-4 displayed similar chemical profiles, the former
showing the most complex composition. Eight compounds
were identified directly in the fractions as: acid gallic (1),
p-coumaric acid (2), 4-hydroxybenzoic acid (3), ferulic
acid (4), quercitrin (5), quercetin (6), kaempferol (7), and
(±)-catechin (8). Compounds 2 (6.2 mg), 4 (4.3 mg), 5 (11.8
mg), and 6 (18.1 mg) for MLFr.7 and 5 (17.3 mg) and 6
(13.8 mg) for MTFr.3 + MTFr.4 (Figure 2) were successfully
purified by semi-preparative HPLC, and their structures
were confirmed by NMR. Among the isolated compounds,
ferulic acid (4) was the unique compound with α-glucosidase
inhibitory activity (1.63 ± 0.11 mM).

Figure 1. Total ion chromatogram of the leaf methanol extract fraction 7 (MLFr.7) from Virola venosa obtained by LC-MS/MS. Acid gallic (1), p-coumaric acid (2),
4-hydroxybenzoic acid (3), ferulic acid (4), quercitrin (5), quercetin (6), kaempferol (7), and (±)-catechin (8).

Figure 2. Chemical structure of the phenolic compounds identified in leaf and bark extracts of Virola venosa: gallic acid (1), p-coumaric acid (2), 4-hydroxybenzoic
acid (3), ferulic acid (4), quercitrin (5), quercetin (6), kaempferol (7), and (±)-catechin (8).
51
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DISCUSSION
The genus Virola is well known as a prolific source of phenolic
compounds, mainly lignans, neolignans, hydroxycinnamic
acid derivatives, and flavonoids (Rezende et al. 2002). These
compounds are present in extracts obtained with highpolarity solvents, which may explain the high AC recorded
for our extracts. Lignoids, especially 8-O-4’-neolignans, have
shown to possess high AC (Konya et al. 2001). Flavonoids,
pterocarpans, chalcones, and hydroxycinnamic acid derivatives
are less recurrent, but also with high AC (Valderrama 2000).
Virola venosa showed to be a new source of valuable
phenolic compounds (simple phenolic acids, hydroxycinnamic
acids, flavonoids, and catechins). Among the identified
compounds, ferulic and gallic acids were previously identified
and quantified in the resins of V. oleifera (Bôa et al. 2015).
Quercetin, quercitrin, and catechin were previously identified
in V. carinata (Orduz et al. 2013), V. sebifera (Bicalho et
al. 2012), and V. surinamensis (Hiruma-Lima et al. 2009),
respectively. Compounds 1, 2, and 7 were described here in
V. venosa for the first time.
Several studies demonstrated that phenolic-like
compounds can inhibit α-glucosidase and other related
enzymes (Adisakwattana et al. 2004). α-Glucosidase inhibitors
are potential compounds for the treatment of diabetes, once
they reduce diet-induced hyperglycemia by inhibiting this
intestinal enzyme (Ha et al. 2012). In addition, the isolated
compounds were also previously described as being cytotoxic
against several cancer cell lines, but presenting low cytotoxicity
against normal cell lines (Heleno et al. 2015). Studies of the
relation between structural aspects and activity with this type
of compounds described the phenol moieties as the keys for
the antioxidant and cytotoxic activities (Heleno et al. 2014).
Our results agree with previous phytochemical studies of
Virola species, in which phenolic compounds play a central
role (Valderrama 2000). The recorded AC in V. venosa
confirm the potential of this genus as a promising source of
antioxidant compounds (Rezende et al. 2005; Coutinho et al.
2017). The activity-guided fractionation indicated that the
compound mainly responsible for the AC and α-glycosidase
inhibition observed for the crude extracts was ferulic acid (4).
Similar results were obtained for antioxidant activity when
using ferulic acid as a pure compound (Kanski et al. 2002)
and in an analysis of its structural relationship with other
hydroxycinnamic acid analogues to inhibit α-glycosidase
(Adisakwattana et al. 2004).

CONCLUSIONS
The polar extracts of leaves and bark of and Amazonian
species of the genus Virola, V. venosa, showed potential to be a
valuable source of phenolic compounds. The methanol extracts
were the most active and promising ones. Activity-guided
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fractionation allowed us to identify eight phenolic compounds
from the most active fractions by means of LC-MS/MS and
NMR. The antioxidant and α-glycosidase inhibitory activities
were attributed to the phenolic compounds present in the
most active fractions, where ferulic acid (4) was likely the
main active compound. We conclude that Virola venosa has
potential to be used in further investigations regarding its
activity against diseases such as diabetes.
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