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A B S T R A C T

Scientific research based on medicinal plants has been highlighted as a complementary treatment to T2DM,
stand out the Vochysiaceae family, which have been widely used in folk medicine by traditional South American
communities to treat some diseases. Our study aimed to investigate the antioxidant and antiglycation activities
of ethanol extracts of leaves (LF) and stem barks (SB) of Vochysiaceae species, evaluated their capacities to
inhibit glycoside and lipid hydrolases related to T2DM and molecular identification by HPLC-ESI-MS/MS. Our
main findings indicate that the ethanolic extract of four of eight analyzed plants such as LF and SB of Q.
grandiflora, Q. parviflora, V. elliptica and Calisthene major exhibited, respectively, potential of α-amylase in-
hibition (IC50 of LF: 5.7 ± 0.6, 4.1 ± 0.5, 5.8 ± 0.5, 3.2 ± 0.6 and IC50 of SB: 3.3 ± 0.7, 6.2 ± 2.0,
121.0 ± 8.6 and 11.2 ± 2.8 μg/mL), capacities of antioxidant (ORAC of LF: 516.2 ± 0.1, 547.6 ± 4.9,
544.3 ± 6.1, 442.6 ± 2.4 and ORAC of SB: 593.6 ± 22.3, 497.7 ± 0.8, 578 ± 12.3, 593.6 ± 19.5 µmol
trolox eq/g; FRAP of LF: 796.1 ± 0.9, 427.7 ± 22.0, 81.0 ± 1.9, 685 ± 37.9 and FRAP of SB: 947.4 ± 24.9,
738.6 ± 24.3, 98.8 ± 7.9, 970.8 ± 13.9 µmol trolox eq/g; DPPH IC50 of LF: 14.2 ± 1.8, 36.3 ± 6.9,
11.8 ± 1.9, 13.3 ± 1.2 and DPPH IC50 of SB: 16.0 ± 3.0, 15.5 ± 1.9, 126.1 ± 23. 6, 5.3 ± 0.3 μg/mL,
respectively) and antiglycation (BSA/Frutose IC50 of LF: 43.1 ± 3.4, 52.1 ± 6.0, 175.5 ± 32, 8, 111.8 ± 14.7
and BSA/Frutose IC50 of SB:, 40.1 ± 11.9, 51.2 ± 16. 7, 46.6 ± 5.7, 53.5 ± 13.6 μg/mL) and presence of
polyphenols, such as flavonoids and condensed tannins. The extracts presented low ability to inhibit α-glyco-
sidase and lipase enzymes in the initial assays, with values below 40% of inhibition. In BSA/methylglyoxal, only
Q. grandiflora SB, V. eliptica LF and V. tucanorum LF showed activity (IC50: 655.5 ± 208.5, 401.9 ± 135.2 and
617.1 ± 80.6 μg/mL, respectively) and only C. major LF and SB, in Arg/methylglyoxal (IC50: 485.1 ± 130.8
and 468.0 ± 150.5 μg/ml, respectively). This study presented new findings about the biological and pharma-
cological potential of some species of Vochysiaceae family, contributing to the understanding of the action and
efficacy in use of these plants, in their management of postprandial hyperglycemia and in glycation and oxi-
dative processes that contribute to managing diabetes mellitus.

1. Introduction

The World Health Organization stipulates that the pathology of
diabetes mellitus affects about 422 million people worldwide [1]. The
type 2 of diabetes mellitus (T2DM) is an endocrine disorder char-
acterized by muscle resistance to the action of insulin, which leads to
metabolic dysfunctions, such as hyperglycemia and hyperlipidemia in
fasting and postprandial periods [2]. The high concentration of sugars

and lipids in human serum stimulates the excessive formation of re-
active oxygen species (ROs), protein glycation and inflammation [3].

The search of new pharmacological alternatives in the treatment of
T2DM stimulates the study with natural products, such as medicinal
plants [4]. Research with medicinal plants has demonstrated the in-
creasing antidiabetic potential of flavonoids, condensed tannins and
other polyphenols, which are widely distributed in plants [5]. Among
the medicinal plants, we can mention the species of the family
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Vochysiaceae which have been widely used in folk medicine by tradi-
tional South American communities to treat some diseases [6–8]. Ac-
cording to Neto et al. (2011), several studies have determined the
phytochemical constitution and the medicinal potential of Vochysia-
ceae species, in special Qualea spp., Vochysia spp., Callisthene spp. and
Salvertia spp. genera.

According to the literature, infusions and decoctions prepared with
leaves of Qualea grandiflora Mart. are indicated to treat bloody diarrhea,
intestinal colic [7] while their leaves and stem bark are indicated for
treating ulcers [9], wounds and inflammatory diseases [10], and as an
astringent [11]. According to Mazzolin et al. [12], the methanolic ex-
tract of the leaves of Qualea parviflora Mart. showed antihemorrhagic
activity and low mutagenic effect. In addition, the methanolic extract
from its barks had the ability to inhibit α-amylase [13].

According to Gomes et al. (2009), the methanolic extract of the
leaves of Vochysia tucanorum Mart., as well as its n-butanolic fraction,
presented excellent gastroprotection activity, antioxidant capacity and
NO synthesis and showed no signs of cytotoxicity. In previous studies,
our group indicated that the aqueous extract of stem bark of Vochysia
rufa Mart. is able to reduce oxidative stress in liver [15] and pancreatic
cells [16], contributing to hyperglycemia reduction and normalized the
biochemical alterations found in diabetic rats [17]. In the study of
Lopes et al. [18], two flavonoids were described in leaves of Vochysia
cinnamomea Pohl., the 7,3′,4′-trihydroxyflavone and 3′-methoxy-7,4′-
dihydroxyflavone, the latter compound being also found in Salvertia
convallariodora St. Hil in the same work.

Vochysia elliptica is still little explored, but according to Cruz [19],
the ethanolic extract of this plant showed low cytotoxicity and modest
antioxidant activity. In the study of Castoldi et al. [20], the genus
Callisthene spp. had no cytotoxic activity. In the bark of Callisthene major
Mart. & Zucc, the ellagic acid and friedelin have been determinated by
Corrêa et al. [21]. Although these plants have several therapeutic uses
and part of their bioactive molecules has been evaluated, the anti-
diabetic effects are not fully described. The aim of this study was to
investigate some ethanolic extracts of species from the Vochysiaceae
family, to identify their main phytochemicals constituents and to
evaluate their antidiabetic effects in antioxidant capacity assays and
inhibitory activities against α-amylase, α-glycosidase, pancreatic lipase
and non-enzymatic glycation.

2. Material and methods

2.1. Standards chemicals

Solvents, reagents and standards were purchased from Sigma
Aldrich Chemical Co. (St. Louis, MO, USA).

2.2. Plant material

The plants were selected based on their general pharmacological
and ethnobotanical studies on the family Vochysiaceae (Table 1). The
species Q. grandiflora, V. elliptica, Q. parviflora, S. convalliodora, C.

major, V. tucanorum and V. cinnamomea were obtained through a
partnership with the Phytochemical laboratory of Ezequiel Dias Foun-
dation (Belo Horizonte, Minas Gerais, Brazil) and were collected in the
Cerrado area of Minas Gerais, and our study group, situated in Federal
University of Uberlandia, collected the V. rufa in the same biome. All
plant samples were deposited in the herbaria of each institution. Vou-
cher specimens of material collected by the group from the Phyto-
chemical laboratory were deposited in the Herbarium PAMG of the
Empresa de Pesquisa Agropecuária de Minas Gerais (EPAMIG). This
study received authorization for access and remittance of genetic ma-
terial for scientific research by SISGEN (n° A933BED).

2.3. Preparation of extracts

The stem bark of V. rufa was crushed and subjected to static ma-
ceration for seven days, using 500 g of plant material for each 2.5 L of
98% ethanol (1:5 m/v). After extraction, the solutions were filtered and
the solvent completely removed by rotary evaporator under reduced
pressure at 40 °C. The maceration process was repeated three times to
warranty extraction exhaustion, and extracts were frozen and lyophi-
lized to remove remaining water. The other species were separated
manually and dried in an oven with air circulation at 40 °C and pow-
dered. The extracts were prepared with 10 g of each plant material for
every 300 mL of 98% ethanol (1:30 m/v). The solutions were trans-
ferred for an ultrasonic bath at 40 KHz for 10 min; filtered and con-
centrated using a rotary evaporator. The procedure was repeated three
times, and the combined extracts were dried and stored in a freezer at
−20 °C.

2.4. Phytochemical prospection assays

The phytochemical prospecting methods were based on Justino
et al. [26]. For determination of total content of condensed tannins, the
extracts were diluted in methanol at a concentration of 100 μg/mL and
at 500 μg/mL for determination of phenolic and flavonoid contents.

2.4.1. Determination of total phenolic content
The extracts were mixed with Folin-Ciocalteu solution 10% (v/v)

and Na2CO3 solution 7.5% (m/v). The mixture was incubated at 50 °C
for 5 min and the absorbance was read at 760 nm (Thermo Scientific,
Genesys 10S UV–Vis, USA). The total phenolic content was determined
using an analytical curve, constructed with gallic acid as standard
(mg GAE g−1).

2.4.2. Determination of total condensed tannins content
The extracts were mixed with vanillin 0.5% (m/v) in H2SO4 solution

70% (m/v). The mixture was incubated at 50 °C for 15 min and the
absorbance was read at 500 nm (Thermo Scientific, Genesys 10S
UV–Vis, USA). The condensed tannins content was determined using an
analytical curve, constructed with catechin as standard (mg CE/g).

2.4.3. Determination of total flavonoid content
The extracts were mixed with methanol solution of AlCl3 5%

(m v−1). The mixture was incubated at room temperature for 30 min
and the absorbance was measured at 425 nm (Thermo Scientific,
Genesys 10S UV–Vis, USA). The flavonoid content was obtained using
an analytical curve, constructed with quercetin as standard (mg
QE g−1).

2.5. Enzymatic assays

The enzymatic assays were based on Franco et al. (2018). The ex-
tracts, quercetin (pure compound identified) and positive controls
(acarbose, for α-amylase/α-glucosidase and Orlistat for lipase) were
diluted in dimethyl sulfoxide (DMSO) and used at a concentration of
10 mg/mL for initial assays. The samples have been diluted serially

Table 1
Botanical identification of Vochysiaceae species used in this study.

Scientific name Parts of plants* Voucher from herbaria Refs.

Q. grandiflora Stem bark and Leaves PAMG 52,469 [22]
V. elliptica Stem bark and Leaves PAMG 52,492 [19]
Q. parviflora Stem bark and Leaves PAMG 52,496 [11]
S. convalliodora Leaves PAMG 52,497 [23]
C. major Stem bark and Leaves PAMG 53,154 [24]
V. tucanorum Stem bark and Leaves PAMG 56,277 [14]
V. cinnamomea Leaves PAMG 57,015 [25]
V. rufa Stem bark HUFU 58,888 [15]

Note: * parts of plants selected for this study.

R.R. Franco, et al. Bioorganic Chemistry 91 (2019) 103122

2



from a concentration of 30 mg/mL for IC50 determination. All analyzes
were performed in triplicate and results are presented as percentage
(%) of inhibition, calculated using the following equation:

= ×I A control A sample A control(%) [( )/( )] 100

where A control is the absorbance value of the negative control and A
sample is the absorbance value of each extract/positive control.

2.5.1. α-amylase inhibition
The samples were analyzed for inhibition of α-amylase activity using 2-

chloro-4-nitrophenyl-4-β-D-galactopyranosylmaltoside (GalG2CNP) as sub-
strate and a saliva fraction enriched with α-amylase (HSA-f). The HAS-f was
diluted in 50 mM of 2-(Nmorpholino)-ethanesulfonic acid (MES) buffer
containing 5 mM of calcium chloride, 140 mM of potassium thiocyanate
and 300 mM of sodium chloride (pH 6.0). Each extract was incubated with
HSA-f (1:10 ratio) for 30 min at 37 °C. Subsequently, 12 mM of GALG2CNP
was added to initiate the reaction. Increases in absorbance (i.e., CNP re-
lease) were measured at 37 °C for 3 min and at 405 nm (Molecular Devices,
Menlo Park, CA, USA).

2.5.2. α-glucosidase inhibition
The samples were analyzed for their ability to inhibit α-glucosidase

activity using a method with 4-nitrophenyl α-D-glucopyranoside (p-
NPG) as substrate and α-glucosidase-enriched fraction from rat’s in-
testinal acetone powder (AG-f). Each extract was incubated with AG-f
and 1.5 mM reduced glutathione (diluted in 50 mM phosphate buffer
pH 6.8) for 20 min at 37 °C. The reaction started by adding 4 mM p-NPG
and the absorbance values were measured at 405 nm (Molecular
Devices, Menlo Park, CA, USA) for 30 min. Phosphate buffer was used
as negative control.

2.5.3. Lipase inhibition
The samples were analyzed for their ability to inhibit lipase activity

using a modified method with p-nitrophenyl palmitate (p-NPP) as
substrate and porcine pancreatic lipase. Each extract was incubated
with 10 g/L PL (diluted in 50 mM Tris-HCl buffer pH 8.0, containing
10 mM CaCl2 and 25 mM NaCl) for 20 min at 37 °C. The reaction started
by adding 0.8 mM p-NPP substrate (diluted in 10% isopropanol and
50 mM Tris-HCl buffer, containing 10 mM CaCl2, 25 mM NaCl, 0.5%
triton X-100 and 0.1% gum arabic). The absorbance values were mea-
sured at 410 nm (Molecular Devices, Menlo Park, CA, USA) for 30 min.
Tris-HCl buffer was used as negative control.

2.6. Antioxidant assays

The antioxidant assays were based on Justino et al. [27]. The ex-
tracts/ascorbic acid (positive control) were solubilized in ethanol at a
concentration of 10 mg/mL for ferric reducing antioxidant power
(FRAP) and 2,2-diphenyl-1-picrylhydrazyl free radical scavenging
(DPPH) methods and at 100 µg/mL for the absorption capacity of
oxygen radicals (ORAC) assay. The samples were serially diluted from a
concentration of 30 mg/mL for DPPH IC50 determination. All analyzes
were performed in triplicate and results were expressed as percentage
(%) of antioxidant capacity for DPPH assay, and trolox equivalents
(µmol TE/g) for FRAP and ORAC assays.

2.6.1. Sequestration of free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH)
The extracts/ascorbic acid were incubated with a methanol solution

of 60 mM DPPH at 30 °C for 20 min, in absence of light. The reduction
in absorbance of the mixture was measured at 517 nm. Scavenging of
DPPH radicals was calculated using the following equation

= ×DPPH A control A sample A control(%) [( )/( )] 100, where A
control is the absorbance value of the DPPH radical and A sample is the
absorbance value of each extract/positive control. Methanol was used
as negative control.

2.6.2. Oxygen radical absorbance capacity (ORAC)
The extracts/ascorbic acid were incubated with 0.085 nM fluor-

escein at room temperature for 15 min. After incubation, 153 mM 2,2′-
azobis (2-amidinopropane) dihydrochloride (AAPH) was added and the
fluorescence (485 nmex/528 nmem) was measured at 37 °C for 90 min.
The loss of fluorescence was measured by calculating the area under the
curve. All reagents were prepared in 75 mM phosphate buffer (pH 7.4).
The antioxidant capacity was determined using an analytical curve,
constructed with trolox as standard. Phosphate buffer was used as ne-
gative control.

2.6.3. Iron reduction capacity (FRAP)
The extracts/ascorbic acid were incubated with 10 volumes of

300 mM sodium acetate buffer (pH 3.6), 1 vol of 10 mM 2,4,6-tri
(2pyridyl)-striazine (TPTZ) and 1 vol of 20 mM ferric chloride at 37 °C
for 6 min. Absorbance values were measured at 593 nm and the anti-
oxidant capacity was determined by an analytical curve constructed
with trolox. Sodium acetate buffer was used as negative control.

2.7. Inhibition test of advanced glycation end products (AGEs) formations

The Inhibition test of AGEs formations were based on Wang et al.
[28]. The extracts/quercetin (positive control) were diluted in DMSO
and used at a concentration of 10 mg/mL and serially diluted from a
concentration of 30 mg/mL for IC50 determination in these methods. All
analyzes were performed in triplicate and results are presented as
percentage (%) of inhibition, calculated using the following equation:

= ×GI F control F sample F control(%) [( )/( )] 100, where F control
is the fluorescence value of the negative control and F sample is the
fluorescence value of each extract/quercetin. Phosphate buffer was
used as negative control.

2.7.1. Bovine serum albumin and fructose method (BSA/FRU)
The extracts and control were incubated with 50 mg/mL BSA and

1.25 M fructose (diluted in 200 mM phosphate buffer, pH 7.4 con-
taining 0.02% sodium azide) at 37 °C for 72 h in the dark. After in-
cubation, 20% trichloroacetic acid (m/v) was added and the mixture
was centrifuged at 10,000 for 10 min. The Pellet was resuspended in
phosphate buffer and fluorescence intensity of glycated albumin was
measured (350 nmex/420 nmem).

2.7.2. Bovine serum albumin and methylglyoxal method (BSA/MGO)
The extracts and controls were incubated in the dark with

50 mg mL−1 BSA (diluted in 200 mmol L−1 phosphate buffer, pH 7.4,
with 0.02% sodium azide) and 53.3 mmo L−1 methylglyoxal (diluted in
deionized water) at 37 °C for 72 h. Then, 20% trichloroacetic acid
(m v−1) was added and the mixture was centrifuged at 10,000 xg for
10 min. The pellet was resuspended in phosphate buffer and the
fluorescence intensity (340 nmex/380 nmem) was measured. Quercetin
was used as a positive control and 5% DMSO as a negative control. The
blank was carried substituting methylglyoxal by phosphate buffer.

2.7.3. Arginine and methylglyoxal method (Arg/MGO)
The extracts were incubated in the dark with 106.6 mmol L−1 ar-

ginine (diluted in 200 mmol/L phosphate buffer, pH 7.4, with 0.02%
sodium azide) and 53.3 mmol/L methylglyoxal (diluted in deionized
water) at 37 °C for 72 h. Then, the fluorescence intensity (340 nmex/
380 nmem) was measured. Quercetin was used as a positive control and
5% DMSO as a negative control. The blank was carried substituting
methylglyoxal by phosphate buffer.

2.8. Liquid chromatography-mass spectrometry analysis

The compounds in the fractions which showed better biological
activities were identified by high-performance liquid chromatography
coupled to a mass spectrometer with electrospray ionization (HPLC-ESI-
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MS/MS, Agilent Q-TOF, model 6520). MeOH–H2O (4:1) was used as
solvent system and the samples were infused into the ESI source at a
flow rate of 200 µL/h. Nitrogen gas was used as drying gas at a flow rate
of 8 L/min and as nebulizer gas at 58 psi. The temperature of nebulizer
was set at 200 °C and a potential of 4.5 kV was applied in the capillary.
The electron impact energy was set at 10–30 eV. The HPLC parameters
were: Agilent Zorbax model 50 × 2.1 mm column, particles of 1.8 µm
and pore diameter of 110 Å, mobile phase: water acidified with formic
acid (0.1% v/v) (A) and methanol (B). The gradient solvent system (B)
was: 2% (0 min); 98% (0–15 min); 100% (15–17 min); 2% (17–18 min);
2% (18–22 min), with a flow of 0.35 mL/min and detection at UV of
280 and 360 nm. The data were acquired in negative and positive
modes, with adjustment for a range of 20–1000 m/z. The mass spec-
trometry data were evaluated using the Agilent Mass Hunter B.07.00
software and the molecular ions and their fragments were compared
with results from other studies in literature. Based on the error calcu-
lated from the theoretical and observed m/z values (in this case we used
error ≤ 10), we suggest the compounds presents in Vochysiaceae spe-
cies.

2.9. Statistical analysis

The statistical analyzes and graphics were done using GraphPad
Prism 6.0 software. The data was expressed as mean ± standard error
of the mean (SEM) and the significance of difference has been calcu-
lated using one-way ANOVA and Tukey post-test of multiple compar-
isons. Values of p < 0.05 were considered significant.

3. Results

3.1. Phytochemical prospection

The results of the phytochemicals prospecting trials with leaf (LF)
extracts and stem bark (SB) of the Vochysiaceae species are shown in
Table 2. In the quantification of phenolic content, extracts of leaves and
stem bark of Q. grandiflora, Q. parviflora and C. major showed values
higher than 210 mg GAE/g, while the other extracts presented values
close to or less than 110 mg GAE/g. With regard to the quantification of
the flavonoids content, extracts of LF of Q. grandiflora, C. major and V.
tucanorum showed values higher than 41 mg QE/g, practically double

the other extracts, which presented equal or lower values to 21 mg QE/
g. The content of condensed tannins was low in most of the extracts
tested, with values close to 20 mg CE/g, however the extract of C. major
SB presented a value greater than 60 mg CE/g.

3.2. Antioxidant assays

The results of the antioxidant assays with LF and SB extracts of the
Vochysiaceae species are shown in Table 3. By the ORAC method, the ex-
tract V. cinnamomea LF (913.7 ± 27.1 μmol trolox eq/g) presented the
closest result obtained by ascorbic acid (2577 ± 0.3 μmol trolox eq/g) and
quercetin (4047 ± 89.5 μmol trolox eq/g), while the other extracts showed
lower activities, from 300 μmol trolox eq/g. In the DPPH method, all the
extracts presented high antioxidant capacity, presenting values above 80%.
From the FRAP method, it was possible to observe that extracts of LF and SB
of plants Q. grandiflora, Q. parviflora and C. major showed the highest values
of antioxidant capacity, with values higher than 400 μmol trolox eq/g,
whereas that the other extracts presented values below 250 μmol trolox eq/
g. However, the pure compound quercetin presented high antioxidant ca-
pacity by the FRAP method (1342 ± 5.3 μmol trolox eq/g).

The results of the half maximal inhibitory concentration (IC50) va-
lues of leaves and stem bark extracts of the Vochysiaceae species with
more 50% of DPPH activity with are shown in Fig. 1. The extracts and
quercetin (3.3 ± 0.4 μg/mL) showed no significant differences among
them and with ascorbic acid (6.9 ± 0.8 μg/mL). Extracts from the LF of
Q. grandiflora, V. eliptica, Q. parviflora, C. major, V. tucanorum, S. con-
valliodora and V. cinnamomea presented IC50 of 14.2 ± 1.8,
11.8 ± 1.9, 36.3 ± 6.9, 13.3 ± 1.2, 125.0 ± 77.6, 82.9 ± 13.2 and
25.1 ± 3.5 μg/mL, respectively. On the other hand, the SB of Q.
grandiflora, V. elliptica, Q. parviflora, C. major, V. tucanorum and V. rufa
showed IC 50 of: 16.0 ± 3.0, 126.1 ± 23. 6, 15.5 ± 1.9, 5.3 ± 0.3,
164.0 ± 19.6 and 6.6 ± 0.6 μg/mL, respectively.

3.3. Antiglycation assays

The results of the antiglycation assays with LF and SB extracts of the
Vochysiaceae species are shown in Table 4. In all assays, quercetin
showed 100% of antiglycation activity. By the BSA/FRU method, all the
extracts presented antiglycation capacity, with average values above
94% of activity. In the other hand, few extracts presented activity in the

Table 2
Evaluation of total polyphenols, flavonoids and condensed tannins content in
ethanolic extracts of Vochysiaceae species.

Extracts Phenolic
(mg GAE/g)

Flavonoids(mg
QE/g)

Condensed tannins
(mg CE/g)

Q. grandiflora LF 254.4 ± 2.7a 65.5 ± 0.3e 12.6 ± 0.8a

Q. grandiflora SB 316.9 ± 9.3e 11.1 ± 0.2e 19.4 ± 1.5b

V. elliptica LF 84.2 ± 0.4b 8.2 ± 0.7a 14.6 ± 0.1a

V. elliptica SB 78.0 ± 0.3b 3.0 ± 0.1b 7.7 ± 2.5c

Q. parviflora LF 212.8 ± 3.7e 21.0 ± 0.3e 5.6 ± 1.0 cd

Q. parviflora SB 275.7 ± 0.3e 7.8 ± 0.1a 13.1 ± 0.1a

S. convalliodora LF 136.9 ± 1.2e 17.7 ± 1.2e 7.0 ± 0.4ce

C. major LF 250.7 ± 4.5a 41.7 ± 0.5e 9.6 ± 0.7 ac

C. major SB 352.6 ± 2.3e 8.7 ± 0.2 a 64.9 ± 2.4 g

V. tucanorum LF 72.1 ± 0.7bc 50.3 ± 0.6e 12.1 ± 1.1a

V. tucanorum SB 43.5 ± 0.5d 1.6 ± 0.3b 7.3 ± 0.7cf

V. cinnamomea LF 108.9 ± 3.7e 14.1 ± 0.2e 20.2 ± 0.4b

V. rufa SB 57.1 ± 0.4 cd 1.8 ± 0.1b 3.8 ± 1.5def

Note: Ethanolic extracts of Leaves (LF) and Stem bark (SB) of Vochysiaceae
species. All extracts were diluted in methanol, at a concentration of 500 μg/mL,
for the determination of phenolic and flavonoids content, and 100 μg/mL, for
the determination of proanthocyanidins content. Values expressed as mean ±
standard error. Gallic acid (GAE), quercetin (EQ) and catechin (CE) were used
for make standards curves in total content of phenolic, flavonoids and proan-
thocyanidins, respectively. Different letters indicate significant difference
(p < 0.05).

Table 3
Evaluation of the antioxidant capacity of ethanolic extracts of Vochysiaceae
species using DPPH, ORAC and FRAP methods.

Samples DPPH (%) ORAC
(µmol trolox eq/g)

FRAP
(µmol trolox eq/g)

Q. grandiflora LF 90.5 ± 0.7a 516.2 ± 0.1a 796.1 ± 0.9d

Q. grandiflora SB 97.4 ± 0.1b 593.6 ± 22.3b 947.4 ± 24.9a

V. elliptica LF 96.0 ± 0.1b 544.3 ± 6.1ac 81.0 ± 1.9b

V. elliptica SB 91.7 ± 0.6a 578 ± 12.3bcd 98.8 ± 7.9b

Q. parviflora LF 93.2 ± 0.4c 547.6 ± 4.9ad 427.7 ± 22.0e

Q. parviflora SB 99.6 ± 0.2d 497.7 ± 0.8a 738.6 ± 24.3f

S. convalliodora LF 98.1 ± 0.1b 682.9 ± 2.5e 249.0 ± 1.3 g

C. major LF 94.1 ± 0.1c 442.6 ± 2.4f 685 ± 37.9 h

C. major SB 93.9 ± 0.2c 593.6 ± 19.5b 970.8 ± 13.9a

V. tucanorum LF 80.6 ± 0.5e 307.8 ± 3.3 g 23.2 ± 0.3c

V. tucanorum SB 83.6 ± 1.3f 566.1 ± 7.1bcd 20.4 ± 1.6c

V. cinnamomea LF 90.1 ± 0.1a 913.7 ± 27.1 h 170.2 ± 11.9i

V. rufa SB 89.7 ± 0.3a 621.2 ± 14.7b 57.5 ± 0.7bc

Ascorbic acid 100 ± 0d 2577 ± 0.3i 1317 ± 6.5j

Quercetin 100 ± 0d 4047 ± 89.5i 1342 ± 5.3j

Note: Ethanolic extracts of Leaves (LF) and Stem bark (SB) of Vochysiaceae
species. All extracts, quercetin and positive control were diluted in EtOH at a
concentration of 10 mg/mL. Values (mean ± standard error) expressed as a
percentage of antioxidant capacities (DPPH) and µmol trolox equivalents/g
(ORAC and FRAP). Ascorbic acid was used as a control for these methods.
Different letters indicate significant difference (p < 0.05).

R.R. Franco, et al. Bioorganic Chemistry 91 (2019) 103122

4



BSA/MGO method, and the extracts Q. grandiflora SB, V. elliptica LF and
V. tucanorum LF were the only ones that presented more than 50% of
activity, presenting the following values: 57.8 ± 1.9, 66.4 ± 0.1 and
59.7 ± 0.1 respectively. Only LF and SB of C. major presented more
than 50% activity in the ARG/MGO method, with respective values of
54.7 ± 0.1 and 57.3 ± 0.1.

The Fig. 2 shows the results of IC50 values from antiglycation ca-
pacity in the BSA/FRU assay using the ethanolic extracts of the Vo-
chysiaceae species, which presented more than 50% of activity. The
extracts presented values without significant difference among

themselves and with quercetin (0.2 ± 0.01 μg/mL). The IC50 obtained
for the leaves of Q. grandiflora, V. elliptica, Q. parviflora, S. convalliodora,
C. major, V. tucanorum and V. cinnamomea were 43.1 ± 3.4,
175.5 ± 32.8, 52.1 ± 6.0, 68.7 ± 7.3, 111.8 ± 14.7, 226 ± 66.3
and 57.0 ± 16.4 μg/mL, respectively. In the other hand, the IC50 ob-
tained for the SB of Q. parviflora, V. elliptica, Q. grandiflora, C. major, V.
tucanorum and V. rufa were 46.6 ± 5.7, 51.2 ± 16.7, 40.1 ± 11.9,
53.5 ± 13.6, 154 ± 33.6 and 87.5 ± 33.5 μg/ml.

The Fig. 3 shows the results of IC50 values from antiglycation ca-
pacity in the BSA/MGO and Arg/MGO assays using the ethanolic ex-
tracts of Vochysiaceae species and quercetin, which presented more
than 50% of activities. In BSA/MGO IC50, the results obtained for
quercetin was 48.5 ± 3.9 μg/mL and for Q. grandiflora SB, V. eliptica LF
and V. tucanorum LF were 655.5 ± 208.5, 401.9 ± 135.2 and
617.1 ± 80.6 μg/mL, respectively. On the other hand, the IC50 ob-
tained for quercetin was 190 ± 29.4 μg/mL and for C. major LF and SB
were 485.1 ± 130.8 and 468.0 ± 150.5 μg/ml.

3.4. Enzyme assays

The results of the enzymes inhibitions, using LF and SB extracts of
Vochysiaceae species, are shown in Table 5 and presented as percent
enzymatic inhibition. The acarbose was able to inhibit respectively
100 ± 0% and 71.4 ± 1.8% of the α-amylase and α-glucosidase en-
zymes respectively. In addition, orlistat inhibited the lipase enzyme by
100 ± 0%. In the α-amylase inhibition assay, extracts showed high
inhibitory activity of this enzyme, especially Q. grandiflora LF
(92.0 ± 3.5), Q. grandiflora SB (95.9 ± 1.0), V. elliptica LF
(59.4 ± 9.1), S. elliptica SB (97.2 ± 2.8), Q. parviflora LF
(84.8 ± 4.6), Q. parviflora SB (88.5 ± 4.3), S. convalliodora LF), C.
major LF), C major SB (93.1 ± 3.6), V. tucanorum LF (44.6 ± 0.3), V.
tucanorum SB (33.6 ± 0.3), V. cinnamomea LF (60.1 ± 7.8) and V. rufa
SB (70.9 ± 8.2). On the other hand, the extracts tested showed results
lower than 40% in the α-glycosidase inhibition assay, especially Q.
parviflora SB (36.8 ± 3.3). In relation to the lipase enzyme inhibition

Fig. 1. Half maximal inhibitory concentration
(IC50) values of extracts with more 50% of DPPH
activity. All extracts, quercetin and positive
control were serially diluted in EtOH at a con-
centration of 30 mg/mL. Note: (A) Ethanolic
extracts of Leaves (LF) and (B) Stem bark (SB) of
Vochysiaceae species. Ascorbic acid was used as
a control for DPPH method. Different letters in-
dicate significant difference (p < 0.05).

Table 4
Evaluation of the antiglycation capacity of ethanolic extracts of Vochysiaceae
species using BSA/Fructose, BSA/Methylglyoxal and Arginine/Methylglyoxal
methods.

Samples BSA/FRU (%) BSA/MGO (%) ARG/MGO (%)

Q. grandiflora LF 100 ± 0a NA 43.9 ± 0.1a

Q. grandiflora SB 100 ± 0 a 57.8 ± 1.9a 48.4 ± 0.1b

V. elliptica LF 97.9 ± 0.1b 66.4 ± 0.1c NA
V. elliptica SB 98.1 ± 0.3b 4.9 ± 0.1d NA
Q. parviflora LF 100 ± 0 a NA NA
Q. parviflora SB 100 ± 0 a 14.3 ± 0.5e 45.2 ± 0.2c

S. convalliodora LF 98.4 ± 0.1b 40.7 ± 1.0b NA
C. major LF 99.9 ± 0.1 a NA 54.7 ± 0.2d

C. major SB 100 ± 0 a 42.1 ± 0.4b 57.3 ± 0.1e

V. tucanorum LF 98.3 ± 1.2b 59.7 ± 0.1 a NA
V. tucanorum SB 91.9 ± 0.2c 25.5 ± 0.2f NA
V. cinnamomea LF 100 ± 0 a NA NA
V. rufa SB 94.5 ± 0.1d 34.6 ± 0 g 19.4 ± 0.03f

Quercetin 100 ± 0 a 100 ± 0 h 100 ± 0 g

Note: Ethanolic extracts of Leaves (LF) and Stem bark (SB) of Vochysiaceae
species. All extracts and quercetin were serially diluted in DMSO at a con-
centration of 10 mg/mL. Values (mean ± standard error) expressed as a per-
centage of antiglycation in the Bovine serum albumin/Fructose (BSA/FRU),
BSA/Methylglyoxal (BSA/MGO) and Arginina/ Methylglyoxal (Arg/MGO).
Quercetin was used as a control for these methods. Different letters indicate
significant difference (p < 0.05).
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Fig. 2. Half maximal inhibitory concentration
(IC50) values of extracts with more 50% of BSA/
Fructose activity. All extracts and quercetin
were serially diluted in DMSO at a concentra-
tion of 30 mg/mL. Note: (A) Ethanolic extracts
of Leaves (LF) and (B) Stem bark (SB) of
Vochysiaceae species. Quercetin was used as a
control. Different letters indicate significant
difference (p < 0.05).

Fig. 3. Half maximal inhibitory concentration
(IC50) values of extracts with more 50% of (A)
BSA/MGO and (B) Arg/MGO activities. All ex-
tracts and quercetin were serially diluted in
DMSO at a concentration of 30 mg/mL. Note:
(A) BSA/MGO method and (B) Arg/MGO
method. Quercetin was used as a control.
Different letters indicate significant difference
(p < 0.05).

R.R. Franco, et al. Bioorganic Chemistry 91 (2019) 103122

6



assay, the extracts also presented results below 40%, being the extracts
of V. elliptica SB (35.6 ± 0.3), S. convalliodora LF (37.5 ± 0.8) e C.
major SB (37.3 ± 1.0) those who had the best results. The quercetin
was not able to inhibit the α-glucosidase and lipase enzymes, but in-
hibited the α-amylase by 63.5 ± 0.2.

The Fig. 4 shows the results of IC50 values from α-amylase inhibition
assay using the ethanol extracts of the Vochysiaceae species, which

presented more than 50% of activities. Extracts of LF of Q. grandiflora,
V. elliptica LF, Q. parviflora, and C. major, showed low IC50 results, with
values of 5.7 ± 0.6, 5.8 ± 0.5, 4.1 ± 0.5 and 3.2 ± 0.6 μg/mL, re-
spectively. The IC50 obtained for SB of Q. grandiflora, Q. parviflora, C.
major and quercetin were 3.3 ± 0.7, 6.2 ± 2.0, 11.2 ± 2.8 and
17.5 ± 3.1 μg/mL, respectively. These data shows that the samples
presented no significant differences among themselves and with the
acarbose (0.4 ± 0.03 μg/mL).

3.4.1. Liquid chromatography-mass spectrometry analysis
The HPLC-ESI-MS/MS analysis was performed to identify the pos-

sible bioactive compounds related to biological activities evaluated in
this study and their showed in Tables 6 and 7. According to the profiles
of fragmentation patterns, error values (ppm) and studies available in
the literature, we suggest the presence of several compounds in the
extracts of the Vochysiaceae species (Supplementary material
S1–S123). The evaluated of mass spectra showed the presence of glir-
icidin-O-hexoside, myricetin-3-O-(2″-O-galloyl) glucoside, myricetin-3-
O-β-D-galactopyranoside, quercetin-glucoside, quinic acid and rutin in
Q. grandiflora LF and 6-gingerol, ellagic acid rhamnoside, methylellagic
acid rhamnoside, quinic acid in Q. grandiflora SB.

In extract of V. elliptica LF, were identified the (epi)catechin, 6-
gingerol, isorhamnetin-glucoside, procyanidin b2, quercetin-rhamno-
side, rutin and (epi)catechin, 6-gingerol, fructose, hederagenin, pro-
cyanidin b2, procyanidin c1, quercetin-rhamnoside in SB ethanol ex-
tract. In extract of Q. parviflora LF, were found the 6-gingerol,
kaempferol-glucoside-rhamnoside, quercetin-glucoside, trigalloylglu-
cose and (epi)catechin gallate, 6-gingerol, ellagic acid rhamnoside,
mallic acid, methylellagic acid rhamnoside, quinic acid in Q. parviflora
SB extract. In extract of S. convallariodora LF, were found (epi)catechin,
6-gingerol, coumaroylquinic acid, kaempferol-glucoside, procyanidin
B2, quercetin, quercetin-glucoside, quercetin-glucuronide, quinic acid,
rutin, sucrose and trigalloylglucose.

Table 5
Evaluation of the α-amylase, α-glucosidase and lipase inhibition activities of
ethanolic extracts of Vochysiaceae species.

Samples α-AMY(%) α-GLE (%) LIP (%)

Q. grandiflora LF 92.0 ± 3.5a 14.7 ± 2.7a NA
Q. grandiflora SB 95.9 ± 1.0a 12.3 ± 0.2ab NA
V. elliptica LF 59.4 ± 9.1b 6.8 ± 0.8c 1.6 ± 0.4c

V. elliptica SB 97.2 ± 2.8a 3.4 ± 0.5c 35.6 ± 0.3a

Q. parviflora LF 84.8 ± 4.6a 23.7 ± 1.0d 24.8 ± 3.5b

Q. parviflora SB 88.5 ± 4.3a 36.8 ± 3.3f NA
S. convalliodora LF 57.2 ± 0.1bc 11.1 ± 0.8ac 37.5 ± 0.8a

C. major LF 90.9 ± 3.8a 27.1 ± 0.6de NA
C. major SB 93.1 ± 3.6a 28.2 ± 1.2e 37.3 ± 1.0a

V. tucanorum LF 44.6 ± 0.3 cd 10.2 ± 1.5abc 26.5 ± 0.6b

V. tucanorum SB 33.6 ± 0.3d 13.5 ± 0.4a NA
V. cinnamomea LF 60.1 ± 7.8b 12.6 ± 1.2a NA
V. rufa SB 70.9 ± 8.2b 3.5 ± 0.3c NA
Quercetin 63.5 ± 0.2b NA NA
Acarbose 100 ± 0a 71.4 ± 1.8 g NA
Orlistat – – 100 ± 0d

Note: Ethanolic extracts of Leaves (LF) and of Stem bark (SB) of Vochysiaceae
species. Acarbose was used as a control for α-amylase/α-glucosidase and
Orlistat for lipase enzymes. All extracts, quercetin and positive controls were
serially diluted in DMSO at a concentration of 10 mg/mL. Values (mean ±
standard error) expressed as a percentage of α-amylase (α-AMY), α-glucosidase
(α-GLE) and lipase (LIP) inhibition. Different letters indicate significant dif-
ference (p < 0.05).

Fig. 4. Half maximal inhibitory concentration
(IC50) values of extracts capable of inhibit more
than 50% of α-amylase activity. All extracts and
positive controls were serially diluted in DMSO
at a concentration of 30 mg/mL. Note: (A)
Ethanol extracts of Leaves (LF) and (B) Stem
bark (SB) of Vochysiaceae species. Acarbose was
used as a control for α-amylase/α-glucosidase
and Orlistat for lipase enzymes. Different letters
indicate significant difference (p < 0.05).
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The C. major LF extract presents molecular ions that suggest (epi)
catechin, 6-gingerol, kaempferol-glucoside, quercetin, quercetin-glu-
coside, rutin, sucrose and (epi)catechin, (epi)catechin gallate, (epi)gal-
locatechin, 6-gingerol, ellagic acid rhamnoside, methylellagic acid
rhamnoside, procyanidin b2, procyanidin c1, quinic acid in SB extract
of this plant. The analysis of V. tucanorum LF indicated 6-gingerol,
hederagenin, quercetin-glucoside, quercetin-rhamnoside, rutin, sucrose
and in V. tucanorum SB extract, the compounds found is (epi)catechin,
6-gingerol, fructose and phlorizin. In V. cinnamomea LF extract were
found (epi)catechin, 6-gingerol, fructose, gliricidin-O-hexoside, heder-
agenin, kaempferol-glucoside-rhamnoside, phlorizin, procyanidin B2,
quercetin-rhamnoside, rutin and fructose in V. rufa SB extract.

4. Discussion

In this work, we carried out a study using LF and SB of selected
plants belonging to Vochysiaceae family, evaluating their antioxidant
and antiglycation abilities; their inhibitory potential against α-amylase,
α-glucosidase and lipase enzymes; their phytochemical constitution by
means of colorimetric assays and by liquid chromatography-mass
spectrometry analysis. Our main findings indicate that the ethanolic
extract of four of eight analyzed plants such as Q. grandiflora, Q. par-
viflora, V. elliptica and Callisthene major exhibited more than 50% of
antioxidant and antiglycation capacities and enzymatic inhibitory ac-
tivities.

Previously, our group and others showed that some medicinal plants
have the capacity of inhibit α-amylase, α-glucosidase and lipase, as well
as high antioxidant and antiglycation capacities [4,26,29,30]. The an-
tioxidant potential of these plants show the capacity to inhibit the
oxidation of cellular molecules [31] and the inhibition of digestive
enzymes is related to control of postprandial hyperglycemia and hy-
perlipidemia [4], which may reduce the inflammations and improve
healing process [32]. Besides that, our studies with the aqueous extract
of V. rufa SB demonstrated that this plant is rich in sugars and has the
capacity to reduce hyperglycemia and blood biochemical alterations,
besides reducing the oxidative stress in pancreas [17] and liver [15].

Our findings indicate that the ethanolic extracts of the Vochysiaceae
species evaluated have a moderate level of reduction molecules, such as
polyphenols, flavonoids and condensed tannins. These results can be
seen qualitatively by HPLC-ESI-MS/MS analysis (supplementary mate-
rial), where several polyphenolic compounds were suggested (Tables 6
and 7). According to Nyambe-Silavwe et al. [33], the polyphenols, some
suggested here, are described as inhibitors of the human α-amylase
enzyme and its isoforms, showing that (epi)catechin, quinic acid, glir-
icidin, hederagenin, isorhamnetin and hamnetin, kaempferol, myr-
icetin, phlorizin, procyanidin B2 and C1, quercetin, rutin, ellagic acid,
hederagenin, mallic acid can assist in the inhibition of carbohydrate
digestion and in management of postprandial hyperglycemia.

Among the compounds identified, the literature demonstrates that
compounds derived from rutin, glucose, fructose, sucrose and ellagic
acid were previously found in some species of the Vochysiaceae family
[11]. On the other hand, our study suggests the presence of other
compounds that have not yet been described for these species, such as
quercetin and quercetin glycosides.

Polyphenols, such as quercetin and quercetin glycosides, have a
great inhibitory effect of α-amylase, being one of the reasons the large
number and position of the OH− in A, B and C rings presents in their
structure [34]. The α-amylase can be strongly inhibited by polyphenols
containing galloyl radicals and an unsaturated 2,3-bond in conjugation
with a 4-carbonyl group, but methylations, methoxylations and glyco-
sylations in these molecules reduce the polyphenol's ability to inhibit
this enzyme [35].

Based on this, some secondary metabolites may be related to the
ability of Vochysiaceae species to inhibit the α-amylase enzyme. The
extracts LF and SB of Q. grandiflora, V. elliptica, C. major and Q. parvi-
flora LF were the samples that stood out in the α-amylase inhibitionTa
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assay, since they presented low values of IC50 and without significant
difference between them and acarbose. In addition to our study, Silva
et al. (2009) showed that hydroethanolic extract of Q. grandiflora LF
inhibited the mammalian and insect α-amylase enzyme.

According to Kim et al. [47], the residues Tyr59 and Gln63 present
in the active site of the amylase enzyme interact with the flavonoid
quercetin through the π-π interaction and hydrogen bonding due to the
hydroxyls present in its A and C rings. In addition, according to Mar-
tinez-Gonzalez et al. [48], quercetin interacts with another amino acids
Leu165, Trp59 by Van der Waals Interaction and hydrophobic forces
and with Trp59, Arg195, Asp197 by hydrogen bonding. Martinez-
Gonzalez et al. [48] further states that quercetin apparent decreasing
Vmax, indicating a mixed-type inhibition.

The strong inhibitors of α-glucosidase presents valienamine ring
and groups such as amides and amines in structure, in addition to
iminosugars, carbasugars, thiosugars, and non-sugar derivatives [36].
In addition, the presence of esterified polyphenols containing galloyl
radicals are prerequisites for achieving good levels of inhibition of the
lipase enzyme, according to Lunagariya et al. [37]. Our results showed
that the extracts and quercetin presented low ability to inhibit α-gly-
cosidase and lipase enzymes in the initial assays, with values below
40% of inhibition.

Polyphenols can also stabilize excess free radicals, preventing the
establishment of oxidative stress and its harmful action on cellular
structures in diseases such as T2DM [38]. Oxidative stress is indicated
as the cause or aggravating of more than 50 diseases, such as diabetes
mellitus, Alzheimer's, chronic renal failure, arthritis and others [3].
Therefore, most researchers have focused their efforts on evaluating the
antioxidant activity and polyphenols content of natural products using
some methods [39].

Based on the DPPH, ORAC and FRAP methods, we present results of
the potential and antioxidant mechanisms of ethanolic extracts of V.
cinnamomea, S. convalliodora and C. major. Still others studies describes
the antioxidant capacity of ethanolic extract of V. elliptica [19], me-
thanolic extract of V. tucanorum [14], aqueous extract of V. rufa [16]
and methanolic extract of Q. grandiflora and Q. parviflora stem bark
[40]. According to Liang and Kitts [41], the ORAC method evaluates
the ability of the extracts in transfer hydrogen atoms (scavenger); FRAP
test evaluates the electron transfer mechanism (quenching) and the
DPPH, is able to detect the two mechanisms of free radical reduction.
The ethanolic extracts of the Vochysiaceae species evaluated in the
present work, showed an interesting antioxidant capacity by scavenger
and quenching process, probably due to the presence of the identified
polyphenols.

There are also many antioxidant polyphenols in natural products
that have antiglycation properties and can influence the production of
AGEs through different mechanisms, such as inhibition of ROS forma-
tion during glycation, inhibition of Schiff base and Amadori products
and blocking of AGE–RAGE receptor [42]. In agreement with Wang
et al. [28], the BSA/FRU model is used to evaluate the effect of extracts
in all stages of protein glycation, while that BSA/MGO and ARG/MGO
evaluate, respectively, middle stage and the major amino acid of pro-
tein glycation process. Thus, this study brings unpublished information
of the antiglycation potential of the ethanol extracts of LF and/or SB of
Q. grandiflora, V. elliptica, Q. parviflora, C. major, V. tucanorum, S. con-
vallariodora, V. cinnamomea and V. rufa, with similar values to quercetin
capacity.

The BSA/FRU method is of great importance, since the fructose
generated by the oxidation of sorbitol in polyol pathway [43] active, for
example, in ocular lenses and peripheral nerves can by accumulate and
generate glycated molecules and reactive oxygen species in these tis-
sues, culminating in diabetic's retinopathy [44] and peripheral neuro-
pathy [45], respectively. In BSA/MGO model, the extracts Q. grandiflora
SB, V. elliptica LF and V. tucanorum LF showed ability to inhibit the
middle glycation stage, but in Arg/MGO, only C. major SB and LF
showed ability to inhibit glycation of arginine

The methylglyoxal is generated primarily as an intermediate in the
metabolism of carbohydrates (glycolysis pathway) [46]; is an important
reactive carbonyl in cells and is capable of glycated proteins at a much
faster rate than sugars [28]. Inhibition of AGES generated by the re-
action with methylglyoxal is extremely important for the treatment of
DMT2, because their related to systemic inflammation and other con-
sequences, such as aging, cancers, and vascular complications [46].

In summary, after evaluation of some selected species belonging to
the Vochysiaceae family, our results showed that the ethanolic extracts
of LF and SB of Q. grandiflora, Q. parviflora, V. elliptica and Callisthene
major have prominent antioxidant and antiglycation potential, as well
as being good inhibitors of the α-amylase enzyme when compared to
other species. This study presented new findings about the biological
and pharmacological potential of some species from Vochysiaceae fa-
mily, contributing to the understanding of the action and efficacy of the
use of these plants in the digestive enzyme inhibitions and in anti-
glycation and antioxidant processes. Thus, these results open possibi-
lities for further studies using isolated compounds in order to assess the
antidiabetic potential of the aforementioned plants using in vivo models.
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