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The high prevalence of diabetes and obesity encourages research for the development of 
α-glucosidase inhibitors from natural sources. This study evaluated the activity of fractions obtained 
from Protium spruceanum branches. Anti-α-glucosidase activity was investigated in vitro using 
4-nitrophenyl-α-D-glucopyranoside as the substrate, while free-radical scavenging activity was 
evaluated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2’-azinobis-3-ethylbenzotiazoline-
6-sulfonic acid (ABTS) assays. Furthermore, a model of oxidative stress promoted by H2O2 in 
fibroblasts was employed, and cell viability was determined by sulforhodamine B. Fractions 
inhibited α-glucosidase activity effectively, highlighting the hydromethanolic fraction (HMF). 
Quercitrin, isolated from the HMF, was identified by spectroscopy and quantified by a validated 
high performance liquid chromatography with diode array detector (HPLC-DAD) method and 
exhibited free radical scavenging activity comparable to the HMF. However, this flavonoid showed 
low anti-α-glucosidase effect, suggesting a synergism effect among several components of the 
HMF. This proposal is also supported by the docking results obtained by PyRx software. The 
compounds present in the HMF showed a noncompetitive inhibition at the in silico simulation. 
Finally, the HMF also protected fibroblasts against cell death induced by oxidative stress. This 
is the first evidence of the capacity of P. spruceanum branches to inhibit α-glucosidase activity 
and to counteract oxidative stress. These results encourage the use of this Brazilian plant against 
hyperglycemia-correlated diseases.
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Introduction

The worldwide changes in caloric intake and diet 
composition contribute to the increasing prevalence of 
obesity.1 This metabolic disorder leads to low-grade 
inflammation and chronic oxidative stress which may cause 
hyperglycemia, leading to type 2 diabetes mellitus (T2DM).2 

Inhibition of α-glucosidase is one suitable strategy for the 
prevention and treatment of various metabolic disorders, 
such as obesity and T2DM.1,3 Moreover, antioxidant activity 
may contribute to the patient care, slowing the low-grade 
inflammation associated with these diseases.2 

α-Glucosidase is an intestinal enzyme which catalyzes 
the cleavage of saccharides to glucose. Thus, its inhibitors 
are useful to decrease postprandial hyperglycemia.4 

Efforts have been made to find effective α-glucosidase 
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inhibitors from natural sources by studying medicinal 
plants.3,5 Protium spruceanum (Benth.) Engler, a Brazilian 
medicinal plant popularly known as “breu”, occurs in 
Atlantic, Amazon, and Cerrado forests.6,7 In traditional 
medicine, preparations from its resin, leaves, and bark are 
administered as tea, inhalation and topical applications to 
treat mainly inflammatory diseases.8

Studies of the anti-inflammatory, antinociceptive, and 
antimicrobial activities of extracts from P.  spruceanum 
have already been reported.7-10 On the contrary, no 
ethnopharmacological description of this species for the 
treatment of T2DM is available in the literature. However, 
its extracts may have antidiabetic potential due to their 
high content of phenolic compounds.8 In addition, the need 
for new treatments for T2DM highlights the usefulness 
of the study of the α-glucosidase inhibitory action of 
P. spruceanum, since it has never been investigated.

The present study evaluated the in vitro α-glucosidase 
inhibitory activity of two fractions obtained from 
P. spruceanum branches. Furthermore, identification and 
quantification of quercitrin, one of the major bioactive 
compounds isolated from the hydromethanolic fraction 
(HMF), were also performed, and then in silico analysis 
of enzyme interaction with the identified compounds was 
obtained. Finally, the oxidative stress protection of the most 
active fraction HMF was investigated.

Experimental

All solvents were purchased from a commercial supplier 
(Sigma-Aldrich, St. Louis, USA). The nuclear magnetic 
resonance (NMR) data were acquired using a Nuclear Bruker 
Ascend 400 Instrument (Malvern Panalytical, Malvern, 
UK). The free-radical scavenging activity was evaluated by 
2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2’-azinobis- 
3-ethylbenzotiazoline-6-sulfonic acid (ABTS) assays (Sigma-
Aldrich, St. Louis, USA). A model of oxidative stress promoted 
by H2O2 in fibroblasts was employed, and cell viability was 
determined by sulforhodamine B (Sigma-Aldrich, St. Louis, 
USA). The anti-α-glucosidase activity was analyzed using 
4-nitrophenyl-α-D-glucopyranoside as substrate (Sigma-
Aldrich, St. Louis, USA). The absorbance measurements 
were performed with a Victor X3 2030 Multilabel 
Reader (PerkinElmer, Waltham, MA, USA). 1H  NMR 
and mass spectra of the isolated compound quercitrin are 
available in the Supplementary Information section. 

Plant material and extraction

The access for the research was registered at 
SisGen, Brazilian National System of Genetic Resource 

Management and Associated Traditional Knowledge 
under number A2B5290. Thin branches of P. spruceanum 
were collected in July 2016 at Lavras, Minas Gerais, 
Brazil (coordinates 21º17’33.6” S and 44º59’15.1”  W, 
21º18’11.9”  S and 44º59’18.8” W). The speciment 
was identified by Dr Vivette Appolinário Rodrigues 
Cabral from the Departamento de Ciências Florestais, 
Universidade Federal de Lavras. A voucher was deposited 
in the Herbarium of Universidade Federal de Lavras 
(16399  HESAL). The branches were dried at room 
temperature and powdered using a knife mill. The ethanol 
extract was obtained by ultrasonic-assisted extraction at 
room temperature of the fragmented material (300.0 g) with 
2 L of ethanol 95 ºGL, and then the hexane fraction (HF) 
(2.3 g, 11.5%) and hydromethanolic fraction (HMF) 
(18.1 g, 90.6%) were obtained by liquid-liquid partition 
of the extract, as previously reported.8

Quercitrin isolation 

A portion of the HMF (2 g) was obtained by 
chromatography on silica gel 60 (70-230 mesh, glass 
column 2 × 30 cm), eluted with a solvent system of 
increasing polarity with hexane, ethyl acetate and 
methanol to afford 52 fractions (HMF.F1 to F52) of 
10 mL each. The fraction HMF.F52 (200 mg), eluted with 
hexane:ethyl acetate:methanol 30:50:20, was submitted to 
size exclusion chromatography (Sephadex LH 20, column 
2.5 cm × 60 cm, methanol) to afford 26 fractions (SPF.1 
to 26). Fraction SPF.15-19 was applied to preparative 
high performance liquid chromatography (p-HPLC) with 
column C-18 Luna (250 mm × 2.2 mm × 5 µm), with water 
(solvent A) and methanol (solvent B) as mobile phase 
(from 40% B to 100% B, from 0 to 40 min) with a flow 
rate of 8 mL min-1 to give Fr.IVT-1 (5.2 mg) at retention 
time 20 min. 

Structure elucidation

The Fr.IVT-1 structure was proposed by interpretation 
of its spectroscopic data (UV, NMR, and mass spectrometry 
(MS/MS)) and comparison with the literature. 

Quercitrin (quercetin-3-O-rhamnoside)
Yellow powder; UV-Vis (methanol) λmax / nm 264, 

348; 1H NMR (500 MHz, methanol-d4) d 6.36 (d, 
J 1.82 Hz, H-6), 6.19 (d, J 2.08 Hz, H-8), 7.36 (d, J 1.82 
Hz, H-2’), 6.91 (d, J 8.30 Hz, H-5’), 7.31 (dd, J 8.43, 
1.95 Hz, H-6’), 5.35 (s, H-1”), 3.16-3.17 (m, H-2”), 
3.75 (dd, J 9.47, 3.50 Hz, H-3”), 4.21-4.22 (m, H-4”), 
3.45 (d, J 1.56 Hz, H-5”), 0.94 (d, J 5.97 Hz, H-6”);  
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liquid chromatography coupled to mass spectrometry 
(LC-MS/MS) negative mode m/z 447.32 [M - H]−, 301.76 
[M - H - rhamnose]−, 273.23 [M - H - rhamnose - CO]−, 
257.12 [M  - H  - rhamnose  - CO 2] −,  151.20 
[M  - H  - rhamnose  - C8O3H6]− and LC-MS positive 
mode m/z 449.41 [M + H]+, 303.26 [M + H - rhamnose]+. 

Quercitrin quantification 

The analysis was performed using a Waters Alliance 
HPLC-DAD system equipped with a C-18 column 
(Luna, 4.6 × 250 mm, 5 μm particle size, Phenomenex, 
California, USA) at 30 ºC. The mobile phase was 
comprised by 0.5% acetic acid in Milli-Q purified water 
(solvent A) and methanol (solvent B). The flow rate was 
1.0 mL min-1 and the injected volume was 20 µL, using 
the gradient (10-20%  B/0-5  min, 20-40%  B/5-10  min, 
40-50%  B/10-15  min ,  50-60%  B/15-20   min , 
60-100%  B/20-30  min, 100-10%  B/30-35  min, 
100% B/35-40 min). A wavelength of 254 nm was used 
for the analysis. HMF solutions were prepared in methanol 
at the concentration of 10 mg mL-1. A quercitrin standard 
solution of 500 μg mL-1 in methanol was used to get the 
range of concentrations 5-250 μg mL-1. The analytical 
method was validated to demonstrate the selectivity, 
linearity, precision (repeatability), accuracy, and limits of 
detection and quantification.11

Free radical scavenging assays

The antioxidant activity was evaluated by two 
photocolorimetric in vitro methods using the free radical 
indicators 2,2-diphenyl-1-picrylhydrazyl (DPPH), 
and 2,2’-azinobis-3-ethylbenzotiazoline-6-sulfonic 
acid (ABTS). The plant fractions, quercitrin and gallic 
acid (positive control) were solubilized in ethanol 
(240.0 µg mL-1) and different aliquots were diluted to obtain 
the final solutions (0.5 to 40.0 µg mL-1).

DPPH assay was performed according to the previously 
described method, with minor modifications.12 100 µL of 
the DPPH solution at 0.008% m/v in ethanol were added to 
each sample and the final volume was adjusted to 240 µL 
with ethanol. The control was obtained using 100 µL of 
DPPH and 140 µL of ethanol. All samples were incubated 
for 30 min at room temperature (25 ± 2 ºC) protected from 
light. The absorbance (Abs) was acquired at a wavelength 
of 490 nm.

The ABTS assay was performed according to the 
method previously described.13 The solution was obtained 
by mixing ABTS (7.4 mmol L-1) with potassium persulfate 
(2.6 mmol L-1) and kept for 16 h at room temperature, 

protected from light. On the day of analysis, this solution 
was diluted with ethanol to obtain an absorbance of 
0.70 (± 0.02) at 650 nm. Then, 120 µL of ABTS were added 
to the samples. The final volume was adjusted to 150 µL 
with the addition of ethanol. The control was obtained 
from 120 µL of ABTS and 30 µL of ethanol. The readings 
were performed at 650 nm after incubation of the samples 
for 6 min at room temperature (25 ± 2 ºC) and protected 
from light.

All assays were performed in triplicate. The 
ability to scavenge free radicals was calculated as 
the scavenging percentage (% I), using the formula: 
I (%) = (Abs control – Abs sample/Abs control) × 100. The 
concentration required to obtain a 50% antioxidant effect 
(EC50) was calculated using GraphPad Prism.14,15 Antioxidant 
activity index (AAI) was calculated as: AAI  =  Final 
concentration of DPPH (μg mL-1)/EC50 (μg  mL-1).  
The antioxidant activity was classified as weak (AAI < 0.5), 
moderate (0.5 ≤ AAI < 1.0), strong (1.0 ≤ AAI < 2.0) and 
very strong (AAI ≥ 2.0).16

α-Glucosidase inhibition assay

The α-glucosidase inhibition was studied using 
4-nitrophenyl-α-D-glucopyranoside (p-NPG) as substrate 
and α-glucosidase from Saccharomyces cerevisiae, type I 
lyophilized powder. Each sample was incubated with 
α-glucosidase and 0.1 M phosphate buffer solution (PBS 
pH 6.8) for 10 min at 37 °C. The reaction started by adding 
4 mM p-NPG, and the absorbance values were measured 
at 405 nm for 30 min.17 Acarbose (2 mM) was used as 
positive control. The results were expressed as the half 
maximal inhibitory concentration (IC50) calculated using 
GraphPad Prism.15

Molecular docking

Molecular docking studies of the compounds identified 
in the HMF by Amparo et al.8 were conducted using 
the PyRx software,18 according to Shahzad et al.19 
Saccharomyces cerevisiae isomaltase (SCI) (PDB code: 
3A4A) α-glucosidase crystal structure was obtained from 
protein data bank (PDB). The 3D structures of the identified 
compounds (catechin, isoquercitrin, procyanidin  B, 
quercetin-3-O-rhamnoside, quercitrin, and rutin) and 
acarbose (positive control) were obtained from PubChem 
data bank. The files were converted to (*.pdb) using Biovia 
Discovery Studio20 prior to docking analysis. The grid box-
centered parametric values were x = 21.2783, y = -0.7737, 
z = 18.6460, and the size values were x = 57.60, y = 59.83, 
and z = 72.29. A default exhaustiveness value of 8 was 
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used. Graphical depictions were prepared using Biovia 
Discovery Studio (2.1.0).20

Oxidative stress protection 

The effect of the HMF on cell death caused by oxidative 
stress induced by hydrogen peroxide (H2O2) was evaluated 
according to the previously described method, with minor 
modifications.21-23 The assay was performed using murine 
L929 fibroblasts cultured in Roswell Park Memorial Institute 
(RPMI) 1640 medium containing 10% fetal bovine serum 
and gentamicin (60 μg L-1), at 37 ºC, with 5% CO2. Cells 
were added in 96-well plates (1 × 105 cells per well) and 
incubated for 24 h for adhesion. Firstly, the cytotoxicity of the 
HMF (concentrations from 2.00 to 0.03 mg mL-1 in RPMI, 
1.0% dimethyl sulfoxide (DMSO)) and H2O2 (from 500.0 to 
7.8 mM) were evaluated in order to select the concentrations 
to be used in the cytoprotection test. Cells with RPMI and with 
RPMI 1.0% DMSO were used as controls. After incubation 
for 4 h, cell viability was evaluated by the sulforhodamine 
B assay.24 HMF concentrations that maintained at least 70% 
of cell viability in the cytotoxicity test were used to evaluate 
their effect on oxidative stress. The oxidative stress was 
induced by H2O2 at concentrations considered toxic (viability 
less than 70%). To assess protection against oxidative stress, 
cells were treated simultaneously with HMF and H2O2. The 
controls were cells with H2O2 not treated with the extract 
and cells without any treatment. After incubation for 4 h, 
cell viability was evaluated by sulforhodamine B assay. In 
parallel, the cytotoxic concentration of the HMF for 50% of 
the cells (CC50) was calculated by a non-linear regression 
equation using GraphPad Prism.15 The selectivity index (SI) 
was calculated by the ratio CC50/IC50.

Statistical analysis

The results are presented as mean ± standard deviation 
(SD). The data were evaluated by one-way analysis of 
variance (ANOVA) using GraphPad Prism 6.15 Level of 
significance was set at p < 0.05. 

Results and Discussion

P.  spruceanum is a Brazilian medicinal plant which 
exhibits several favorable pharmacological effects due to its 
high content of phenolic compounds.8 The current research 
evaluated two fractions from extracts of P.  spruceanum 
branches to estimate their potential use in hyperglycemic 
disorders, such as obesity and T2DM. 

Analyzed fractions exhibited free radical scavenging 
activity by DPPH and ABTS assays (Table 1). The ability 

to scavenge free radicals is important for the treatment 
of T2DM, since the excess of radicals is associated with 
alterations of lipid and protein structures, leading to cellular 
damage typical of obesity and T2DM.2

It can be observed that HMF displayed higher 
scavenging activity than HF (Table 1). A higher activity 
of polar plant extracts compared to nonpolar ones is 
frequently observed, since polar solvents favor the 
extraction of phenolic compounds which are well-known 
for the antioxidant activity.25 Indeed, previous studies have 
shown that hydromethanolic extracts from P. spruceanum 
branches have a high content of flavonoids and tannins.8 
These phenolic compounds are among the main natural 
antioxidants which trap free radicals by mechanisms that 
involve the catechol group (o-diphenolic group) and other 
functional groups that are important for antioxidant activity, 
such as double conjugated bonds and hydroxyl groups.26 

The antioxidant activity index (AAI) confirmed that 
the effect of HMF can be considered as very strong 
(AAI > 2.0), although its EC50 is higher than the gallic acid 
reference compound (Table 1). This AAI value highlights 
the antioxidant activity of HMF from P.  spruceanum 
branches, especially when compared with fractions derived 
from orange (Citrus sinensis), that is popularly known as 
an antioxidant and have an AAI between 1.1 and 1.4.27 

Furthermore, the fractions of P. spruceanum branches 
inhibited the α-glucosidase activity (Figure 1), the main enzyme 
responsible for the hydrolysis of complex carbohydrates 
and glucose intestinal absorption.28 This experimental 
finding is the first evidence of the anti-α-glucosidase 
activity of fractions obtained from Protium genus. 

Among the fractions, HMF showed higher activity 
than HF, inhibiting α-glucosidase activity at lower 
concentrations. The higher activity of HMF may be related 
to the presence of flavonoids, which were detected in 
large amounts in polar extracts of P. spruceanum.8 Several 

Table 1. Free-radical scavenging activity of the two P.  spruceanum 
fractions detected by DPPH and ABTS assays

Sample
DPPH ABTS

EC50 / (µg mL-1) AAI EC50 / (µg mL-1)

HF 37.76 ± 5.91a 0.8 ± 0.1a 72.84 ± 9.65a

HMF 8.56 ± 0.52b 3.7 ± 0.2b 1.93 ± 0.29b

Quercitrin 7.60 ± 0.38b 3.9 ± 0.2b 5.06 ± 0.23b

Gallic acid 0.91 ± 0.03c 36.5 ± 1.1c 0.52 ± 0.11c

Results are expressed as mean ± standard deviation (n = 3). Different letters 
mean p < 0.05 in each column by one-way ANOVA test. DPPH: 2,2-diphenyl-
1-picrylhydrazyl; ABTS: 2,2-azinobis-3-ethylbenzotiazoline-6-sulfonic 
acid; EC50: 50% antioxidant effect; AAI: antioxidant activity index; HF: 
hexanic fraction; HMF: hydromethanolic fraction.
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compounds of this class of secondary metabolites have 
been considered as potential antidiabetic agents due to the 
anti-α-glucosidase activity and the ability to regulate the 
glucose homeostasis.29

In fact, HMF at 0.5, 1.0 and 5.0 µg mL-1 significantly 
inhibited the α-glucosidase activity, as well as the positive 
control acarbose (Figure 1a). Acarbose can be considered 
the main α-glucosidase inhibitor since it is currently used 
as a hypoglycemic drug in the treatment and prevention 
of diabetes. However, the long-term use of acarbose may 
cause abdominal distention, vomiting and diarrhea, and 
therefore natural products may represent a choice with 
minor side effects.30

The IC50 values for α-glucosidase inhibition were 0.4 
and 34.7 µg mL-1 for HMF and HF, respectively. Thus, both 
fractions showed a great α-glucosidase inhibitory activity 
when compared to acarbose reference drug, for which an 
IC50 of 449 µM (289 µg mL-1) is reported in the literature.31 
Furthermore, HMF showed a IC50 lower than 52 extracts 
obtained from several species as reported in the review 
performed by Kumar et al.3 The suitable anti-α-glycosidase 
activity obtained with low concentrations of HMF suggests 
that this fraction may be appropriate for the treatment of 
hyperglycemia-correlated pathologies.

The α-glucosidase kinetics reveals that the inhibitory 
effect of the HMF is a time- and concentration- dependent 
process (Figure 1b). In detail, HMF (0.5, 1.0 and 
5.0  µg  mL-1) significantly decreased the enzymatic 
activity during 45 min of incubation; furthermore, at 
1 and 5 µg mL-1 it exhibited higher inhibitory activity 
than 2 mM acarbose (Figure 1b). Other plant derivatives 
also demonstrated a time- and concentration-dependent 
inhibition of α-glucosidase kinetics, such as extracts from 
Vernonia amygdalina, used in traditional African medicine 
to treat diabetes.28 Nevertheless, HMF exhibits a greater 
potential than V. amygdalina extracts, which showed IC50 

higher than the HMF from P. spruceanum. 
Considering the anti-α-glucosidase activity of HMF, 

molecular docking analyses were performed for the 
compounds previously identified in this fraction by 
Amparo  et al.8 All compounds showed fitting binding 
affinity, interacting with the protein chains mainly by 
hydrogen bonding (Figure 2). The binding site of the 
flavonoids was predicted to be close to the active site 
(glucose binding site), except for the tannin procyanidin B 
(Figure  2). Thus, the binding of catechin, isoquercitrin, 
quercitrin, quercetin-3-O-glucuronide and rutin may 
preclude the entrance of the substrate, preventing the enzyme 

Figure 1. (a) Concentration-dependent inhibition of α-glucosidase activity by P. spruceanum hexanic and hydromethanolic fractions (HF and HMF, 
respectively), and quercitrin. (b) Effects of HMF on the α-glucosidase kinetics. Acarbose (2 mM) was used as positive control. Control: no treatment. 
Data are expressed as mean ± standard deviation (n = 3-5). *p < 0.05 vs. control by one-way ANOVA test.
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activity. This observation suggests that these compounds 
may act as noncompetitive inhibitors, in contrast to 
acarbose that is a competitive inhibitor.32,33 Several natural 
phenolic compounds displayed α-glucosidase inhibition by 
a noncompetitive interaction. Comparing to the competitive 
type, noncompetitive inhibitors offer the advantage of not 
being affected by high concentrations of the substrate.34

In consideration of the fact that quercitrin exhibited the 
highest α-glucosidase affinity (-10.5 kcal mol-1) among 
the studied compounds (Figure 2), this compound was 
isolated and quantified in the HMF. The flavonoid was 
obtained as a yellow powder and its spectroscopic data (UV, 
NMR, and MS/MS) were according to that of quercetin-
3-O-rhamnoside (quercitrin) reported in the literature.35,36 
Quercitrin has already been isolated from other Protium 
species, such as P.  javanicum and P.  heptaphyllum.37,38 

Figure 2. 3D diagram showing the superimposed binding site (a) and diagrams of interactions; (b) of the compounds of the hydromethanolic fraction 
(HMF) obtained from Protium spruceanum branches with the α-glucosidase enzyme. *Binding energy values are in kcal mol-1. 

However, this flavonoid has not yet been isolated and 
quantified from P. spruceanum.

Validation results of the quantification method for 
quercitrin showed linearity in the range from 5 to 250 µg mL-1 
with limits of detection and quantification of 0.62 and 
1.89 µg mL-1, respectively. The method was precise and 
accurate since it showed relative standard deviation (RSD) 
values minor of 5% (Table 2). In addition, the purity angle 
(1.267) was lower than the purity threshold (2.284), indicating 
the specificity of the method. Thus, the validated method 
was used to quantify quercitrin in the HMF. The quercitrin 
content in the HMF was 2.6 ± 0.1 mg g-1 (0.26% m/m). The 
amount is higher than that found in the methanolic extract of 
Hypericum perforatum nonflowering shoots, which showed 
considerable α-glucosidase inhibitory activity correlated 
with quercetin and kaempferol glycosides.39
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Moreover, the isolated quercitrin exhibited free-radical 
scavenging activity comparable to the HMF (Table  1). 
The scavenging mechanism of quercitrin includes 
hydrogen donating of its phenolic hydroxyl groups to 
stabilize free radicals and thus prevent the oxidation of 
lipids, proteins, and deoxyribonucleic acid (DNA).40 
About the anti-α-glucosidase effect, quercitrin showed 
a concentration-dependent inhibition similar to HMF 

(Figure 1a). The IC50 value of quercitrin for α-glucosidase 
inhibition was 8.69 µg mL-1, equivalent to 19 µM. The 
quercitrin IC50 is at least 20 times higher than that of 
the HMF, indicating that quercitrin is only one of the 
bioactive compounds responsible for the α-glucosidase 
inhibition demonstrated by the fraction as well as its 
activity may be greater when combined with other 
compounds. Thus, the data suggest a possible synergistic 
effect that is also supported by the docking results, since 
all compounds showed binding affinity higher or equal 
than the positive control acarbose (-8.0 kcal mol-1) 
(Figure 2). The α-glucosidase inhibitory activity of other 
extracts containing quercitrin has already been reported, 
e.g., Agrimonia pilosa, used to treat T2DM in Chinese 
traditional medicine, which has also antioxidant activity.41 

In view of the great anti-α-glucosidase activity of HMF, 
this fraction was also evaluated whether it could protect 
fibroblasts from oxidative damage induced by reactive 
oxygen species (ROS) and subsequent cell death. Apoptosis 
and necrosis due to high oxidative stress generated by 
hyperglycemia also play a role in the progression of diabetic 
complications, culminating in tissue injury in the heart, retina 
and kidneys.42 Fibroblasts are present in all these tissues 
and H2O2 has been reported to induce apoptosis of these 
cells.43,44 The assay was performed using H2O2 at 500, 250 
and 125 mM, concentrations able to reduce cell viability 
below 70% (Figure 3a). HMF decreased cell viability only 

Table 2. Validation parameters for quercitrin  quantification

Specificity

Purity angle 1.267

Purity threshold 2.284

Linearity

r2 0.9999

Equation y = 31807x - 2115

Significance p = < 0.0001 (a ≠ 0)

Linearity p = 1.0000 (linear)

Precision (repeatability)

Concentration / (µg mL-1) RSD

5 4.94

10 4.88

50 1.40

100 1.37

250 1.45

Limit of detection / (µg mL-1) 0.62

Limit of quantification / (µg mL-1) 1.89

r2: R-squared (coefficient of determination); p: level of statistical 
significance; RSD: relative standard deviation. 

Figure 3. Effects of hydromethanolic fraction (HMF) of Protium spruceanum branches against H2O2-induced oxidative stress on L929 fibroblasts. 
(a) Cytotoxicity of H2O2 or HMF. (b) Cell viability after simultaneous treatment with both HMF and H2O2 for 4 h. Control: untreated cells. H2O2 control: 
H2O2-induced cell viability without HMF. Results are expressed as mean ± SD (n = 3). *p < 0.05 vs. H2O2 control by one-way ANOVA test.
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at very high concentrations and the CC50 was 1.58 mg mL-1. 
This low cytotoxicity highlights the use of the HMF as an 
antioxidant agent and inhibitor of α-glucosidase, since the 
IC50 for both activities was much lower than its CC50.

In these experimental conditions, the HMF treatment 
prevented the H2O2-induced cell death (Figure 3b). This 
cytoprotective effect obtained with the simultaneous 
incubation of H2O2 and HMF suggests that the protection 
may be due to a direct interaction between HMF and H2O2 
via free-radical scavenging.25 This idea is also supported by 
the data obtained with DPPH and ABTS assays. The HMF 
protection against oxidative stress was observed at 0.50, 0.25 
and 0.12 mg mL-1 with 125 mM H2O2 (Figure 3b), while with 
250 and 500 mM H2O2 the HMF inhibited the damage only 
at higher concentrations, showing a concentration-dependent 
protective activity. The minimum active concentration of 
HMF vs. 125 mM H2O2 was 0.12 mg mL-1, which is at least 
13 times lower than the CC50 of the fraction. 

This research is the first report showing the cytoprotection 
against H2O2-induced oxidative stress of P.  spruceanum 
branches. In view of the fact that oxidative stress 
contributes to the progression of diabetic complications, 
the cytoprotective effect of HMF also suggests its potential 
use in T2DM treatment.

Conclusions

This research shows for the first time the inhibitory 
activity of polar fractions of P.  spruceanum branches 
on α-glucosidase activity. Quercitrin, isolated from the 
hydromethanolic fraction (HMF), exhibits free-radical 
scavenging activity comparable to the fraction, but with 
a lower anti-α-glucosidase effect, indicating a possible 
synergism among the various compounds in the mixture. 
This observation is supported by the docking results, in 
which identified compounds showed a noncompetitive 
inhibition, with binding affinity higher or similar to acarbose. 
In addition to the anti-α-glucosidase activity, HMF can also 
protect fibroblasts against H2O2-induced oxidative stress. 
Overall, the data suggest that P. spruceanum extracts could 
be useful to develop new medicines to treat hyperglycemia-
correlated pathologies.

Supplementary Information

The NMR spectrum used for quercitrin characterization 
is available free of charge at http://jbcs.sbq.org.br as PDF file.
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