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Myrciaria strigipes O. Berg (Myrtaceae) is a Brazilian native species, endemic to Bahia and Espírito Santo, and 
known popularly as “cambucá da praia”. This study aimed to evaluate the chemical profile of ethanol extract of leaves 
from M. strigipes (EEF), and the two in vitro activities: antioxidant and inhibition of α-glucosidase. The column 
chromatography separation gave friedelin (1), glutinol (2), β-sitosterol (3), 28-hydroxyfriedelin (4), and ursolic acid 
(5). The chromatographic profile of EEF by HPLC (354 nm) allowed the identification of three phenolic compounds: 
ellagic acid (6), hyperoside (7), and isoquercitrin (8). The extract EEF showed antioxidant activity in both models 
DPPH and ABTS, with EC50 of 61.79 ± 2.97 and 23.72 ± 0.48 µg/mL, respectively. Trolox, used as a standard, showed 
EC50 of 4.60 ± 0.82 and 1.08 ± 0.05 µg/mL, respectively. The obtained result of the inhibition assay on the enzyme 
activity of α-glucosidase revealed that EEF had an EC50 value of 40.66 ± 0.81 μg/mL, close to the positive standard 
deoxynojirimycin (EC50 = 37.30 ± 4.41 μg/mL). Therefore, this study contributed to the knowledge of the chemical 
and biological properties of M. strigipes and will subsidize future studies of this species.
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INTRODUCTION
Brazil is the owner of the largest and richest genetic 

diversity of plant species. However, only a few percentage of this 
biodiversity has been investigated about chemical composition and 
biological activity (Luna et al., 2005). Myrciaria strigipes O. Berg 
(Myrtaceae), known as “cambucá da praia” and “cabeludinha da 
praia”, is a Brazilian native species, endemic to Bahia and Espírito 
Santo (Sobral et al., 2015), and there is a lack of studies regarding 
its chemical and biological activities.

Myrciaria genus has around 100 known species, and 
21 are native to Brazil. Myrciaria genus can be found in diverse 
regions, including countries in South America and Central America. 
In Brazil, the species are widespread in various biomes, such as 

Amazon Forest, Caatinga, Cerrado, Atlantic Forest and Pampa, and 
are grown mainly in the states of Rio de Janeiro, São Paulo, Minas 
Gerais and Espírito Santo (Borges et al., 2014). Active compounds 
belonging to several classes of secondary metabolites have been 
identified in Myrciaria species. Borges et al. (2014) reported 
49 substances, including various phenolic compounds such as 
kaempferol, quercetin, and isoquercitrin flavonoids; delphinidin 
3-O-glucoside and cyanidin 3-O-glucoside anthocyanins; gallic 
acid and ellagic acid; d-limonene and 1,8-cineole monoterpenes, 
and globulol and (2E,6E)-farnesyl acetate sesquiterpenes. In the 
search for bioactive molecules from plant species, it is necessary 
to carry out multidisciplinary studies that approach chemical and 
biological aspects.

The reactive species, for example, hydroxyl, superoxide 
anion, hypochlorous acid, hydrogen peroxide, nitric oxide, and 
peroxynitrite, are continuously generated in the organism and 
involved in the regulation of cell growth, phagocytosis, intercellular 
signaling, as well as in the synthesis of essential biological 
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substances and energy production. However, the excess of reactive 
species is a serious problem to human homeostasis and has a 
substantial contribution to the pathogenesis of many diseases such 
as cancer, gastric disorders, premature aging, cataracts, arthritis, 
neurodegenerative and cardiovascular diseases (Bhattacharyya 
et al., 2014). On the other hand, antioxidant defense system 
counteracts the excess of reactive species in the organism and 
comprises substances able to regenerate or prevent the oxidative 
damage caused by reactive species. This defense consists of 
enzymatic antioxidants produced by the body, such as superoxide 
dismutase, glutathione peroxidase and catalase, and antioxidants 
from the diet as ascorbic acid (vitamin C), α-tocopherol (vitamin E) 
and phenolic compounds (Bhattacharyya et al., 2014). Therefore, 
the research of plant antioxidant activity has great importance in 
search of new compounds capable of preventing or minimizing the 
deleterious effects of reactive species.

Diabetes mellitus is a serious global public health since 
it affects millions of people and its prevalence increases at an 
alarming rate every year. In 2015, the disease affected around 415 
million adults (20–79 years) in the world, and the forecast to 2040 
is this number will increase to 642 million. In 2015, in Brazil, 
about 14 million adults were affected by this disease, and it is 
expected to reach 23.3 million in 2040. Moreover, it is estimated 
that 5.0 million of global deaths in 2015 were caused by diabetes 
(International Diabetes Federation, 2015).

Diabetes is a chronic metabolic disease caused by 
inherited or acquired deficiency in insulin secretion and by 
decreasing the cellular response to insulin; it is characterized by an 
abnormal postprandial increase of blood glucose level (Cheng and 
Fantus, 2005). One therapeutic approach for controlling diabetes 
is inhibition of α-glucosidase activity to reduce postprandial 
hyperglycemia. α-Glucosidase is an enzyme present in the 
membrane of the intestinal cells and promoting the hydrolysis 
of α-1,4 glucosidic bonds of oligo and disaccharides, generating 
molecules of monosaccharide which can be absorbed by the 
organism (Yin et al., 2014). The main available inhibitors of this 
enzyme for clinical use are acarbose, miglitol, and voglibose (Ríos 
et al., 2015). However, the use of these hypoglycemic agents can 
cause various gastrointestinal side effects such as abdominal 
distention and discomfort, diarrhea and flatulence, thereby limiting 
their therapeutic use. Currently, the medicinal plants have been 
extensively studied in search of a more suitable, safe and efficient 
inhibitors of α-glucosidase, that will may be used in the treatment 
of diabetes (Cheng and Fantus, 2005).

Considering it is important to know about biological 
and chemical properties of medicinal plants, this paper describes 
the chemical study and evaluation of antioxidant activity and 
α-glucosidase inhibition of ethanol extract of leaves from 
Myrciaria strigipes O. Berg, Although the importance of this 
species for Restinga inhabitants, due the edible fruits (Lopes and 
Lobão, 2013), as far we know, there is no study about this plant 
concerning chemical composition or potential biological activity 
(Borges et al., 2014).

MATERIAL AND METHODS
General experimental procedures 

NMR spectra were recorded in CDCl3 on a Varian 400 
MHz spectrometer (13C at 100 MHZ), and chemical shifts were 

reported in ppm. High Performance Liquid Chromatography was 
performed on a LaChrom Elite® (Hitachi) system, equipped with a 
L2130 pump, a L2200 injector, a L2300 oven column, maintained 
at 25°C, a L2455 diode array detector and an C18 reversed-
phase column (150 × 4.6 mm; particle size of 5 µm; Merck). 
The sample was solubilized in methanol (HPLC grade) to give 
a concentration of 1 mg/ml, and then 10 μL of this solution was 
injected into the chromatograph. As mobile phase was employed 
1% phosphoric acid solution and acetonitrile in gradient system 
(H3PO4 1%:MeCN: 0 min 90:10; 40 min 70:30; 50 min 50:50; 
51 min 90:10; 60 min 90:10) and a flow rate of 0.6 mL/min. The 
data capture was performed using the ExChrom Elite® software. 
The compounds present in the sample were compared according 
to their UV-Vis spectrum (230 to 400 nm) and the retention time 
with several commercial standards (caffeic acid, chlorogenic 
acid, ellagic acid, ferulic acid, gallic acid, kaempferol, rosmarinic 
acid, hesperetin, hesperidin, hyperoside, isoquercitrin, myricetin, 
quercetin, rutin, vitexin, isovitexin, myricetin, and resveratrol). 
The analyses were performed in triplicate.

Plant material
Myrciaria strigipes O. Berg (Myrtaceae) leaves were 

collected in São Mateus, Espírito Santo, Brazil, in June 2014 and 
identified by Prof. Luis Fernando Tavares de Menezes (Federal 
University of Espírito Santo). A voucher specimen has been 
deposited in the VIES Herbarium at the Federal University of 
Espírito Santo under identification number 25.038.

Extraction and isolation
The collected leaves were dried for about 72 hours in 

an oven at 38–40°C and ground into coarse powder by knife mill. 
The dried and powdered plant material (267.5 g) was macerated 
at room temperature with ethanol. After filtration, the solvent was 
removed under reduced pressure, at a temperature below 40°C, 
providing ethanol extract of leaves from M. strigipes (EEF) (yield 
of 14% w/w).

An aliquot of the EEF (26.8 g) was submitted to silica 
gel 60 column chromatography, using a gradient system with 
hexane, chloroform, and methanol as eluents. Were obtained 420 
fractions of approximately 225 mL each, which were monitored by 
thin layer chromatography and the fractions with similar profiles 
were collected in several groups, and those with the highest 
yields were subjected to purification classic processes, such as 
washes, recrystallization, and re-chromatography, which led to 
the isolation of 5 substances. These substances were submitted to 
spectrometric analysis.

Evaluation of antioxidant activity of EEF from M. strigipes
The EEF antioxidant activity was assessed in vitro by 

spectrophotometric chemical methods using the synthetic free 
radicals DPPH and ABTS. The free radical scavenging activity 
was calculated as the percentage of inhibition (%∆) according to 
the following equation: %∆ = [(Abcontrol − Absample)/Abcontrol] × 100. 
The EC50 was estimated by linear regression of data obtained. 
Trolox was used as a standard antioxidant. The concentrations 
tested were 100, 50, 25, 12.5, 6.25 and 3.125 µg/mL. All the 
results were expressed as the mean of three triplicates ± standard 
deviation.
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DPPH radical scavenging activity
The capacity of EEF to scavenge DPPH free radicals 

was evaluated according to the methodology proposed by Gülçin 
et al. (2003) with modifications. In 96-well microplate was added 
to each well 200 µL of DPPH• ethanolic solution 0.004% (w/v) 
and subsequently added 100 µL of extract solution. The reaction 
proceeded for 10 minutes at room temperature and protected from 
light. The absorbance was then read at 540 nm (Microplate reader 
- iMark, BIO-RAD). As a reference of maximum absorption was 
used the reading obtained with 200 µL of DPPH• solution added 
to 100 µL of ethanol. The blank consisted of 300 µL of ethanol.

ABTS radical scavenging activity
The capacity of EEF to scavenge ABTS free radicals 

was evaluated according to the methodology proposed by Re et 
al. (1999) with modifications. ABTS radical cation (ABTS•+) was 
produced by reacting of 5 mL ABTS aqueous solution (7 mM) with 
88 µL potassium persulfate (2.45 mM) and keeping the mixture at 
room temperature and protected from light for 16 hours before 
use. The ABTS•+ solution formed was diluted with ethanol to an 
absorbance of 0.700 at 750 nm, and 1 mL aliquot of this solution 
was mixed with 10 μL of extract solution. After 10 minutes, 200 
μL of this mixture was added to the 96-well microplate. The 
absorbance was then read at 750 nm (Microplate reader - iMark, 
BIO-RAD). As a reference of maximum absorption was used the 
reading obtained with 1 mL of ABTS•+ solution added to 10 µL of 
ethanol. The blank consisted of 200 µL of ethanol.

Determination of α-glucosidase inhibitory activity
The capacity of EEF to inhibit the α-glucosidase enzyme 

was evaluated according to the methodology proposed by Shinde 
et al. (2008) with modifications. In 96-well microplate 20 µL of 
α-glucosidase (1 U/mL) (Sigma-Aldrich) was incubated at 25ºC for 
5 minutes with 20 µL of extract solution (1000 µg/mL) in 50 mM 
phosphate buffer (pH 6.8). After the preincubation, 40 µL of 1 mM 
p-nitrophenyl-α-D-glucopyranoside was added, and the mixture 
was incubated at 37ºC for 30 minutes. The reaction was stopped 
by the addition of 100 µL of 10% NaHCO3, and the α-glucosidase 
activity was determined spectrophotometrically by measuring 
the quantity of p-nitrophenol released from p-nitrophenyl-α-D-
glucopyranoside at 405 nm. The inhibitory activity was determined 
by comparing the enzyme activity in the absence and the presence 
of the evaluated inhibitor. Deoxynojirimycin was used as a positive 
control. The EC50 of EEF was estimated by nonlinear regression of 
data obtained with values of concentration ranging between 7.81 
and 250 µg/mL. All the statistical analyses were performed using 
the software GraphPad Prism 6.0®.

RESULTS AND DISCUSSION
The ethanol extract of leaves (EEF) from M. strigipes 

was chromatographed over sílica gel column and providing five 
known substances: friedelin (1), glutinol (2), β-sitosterol (3), 
28-hydroxyfriedelin (4), and ursolic acid (5) (Figure 1). These 
substances were identified by comparison of 13C-NMR chemical 
shifts with data reported in the literature.

Friedelin (1). 13C-NMR (CDCl3, 100 MHz): δ (ppm) 
22.4 (C-1), 41.7 (C-2), 213.4 (C-3), 58.4 (C-4), 42.3 (C-5), 41.4 
(C-6), 18.4 (C-7), 53.2 (C-8), 37.6 (C-9), 59.6 (C-10), 35.8 (C-11), 

30.6 (C-12), 38.4 (C-13), 39.8 (C-14), 32.6 (C-15), 36.2 (C-16), 
30.1 (C-17), 42.9 (C-18), 35.5 (C-19), 28.3 (C-20), 32.9 (C-21), 
39.4 (C-22), 7.0 (C-23), 14.8 (C-24), 18.1 (C-25), 20.4 (C-26), 
18.8 (C-27), 32.2 (C-28), 35.2 (C-29), 31.9 (C-30). Substance 1 
was identified by comparison of 13C-NMR chemical shifts with 
data reported in Sousa et al. (2012).

Glutinol (2). 13C-NMR (CDCl3, 100 MHz): δ (ppm) 18.4 
(C-1), 28.0 (C-2), 76.5 (C-3), 39.4 (C-4), 141.7 (C-5), 122.2 (C-6), 
23.8 (C-7), 49.8 (C-8), 35.0 (C-9), 47.6 (C-10), 34.8 (C-11), 30.5 
(C-12), 41.0 (C-13), 38.0 (C-14), 32.2 (C-15), 36.2 (C-16), 30.2 
(C-17), 43.2 (C-18), 35.2 (C-19), 28.4 (C-20), 33.3 (C-21), 39.1 
(C-22), 29.1 (C-23), 25.6 (C-24), 16.4 (C-25), 19.8 (C-26), 18.6 
(C-27), 32.5 (C-28), 34.7 (C-29), 32.2 (C-30). Substance 2 was 
identified by comparison of 13C-NMR chemical shifts with data 
reported in Miranda et al. (2012).

β-sitosterol (3). 13C-NMR (CDCl3, 100 MHz): δ (ppm) 
37.4 (C-1), 32.1 (C-2), 72.0 (C-3), 42.5 (C-4), 140.9 (C-5), 121.9 
(C-6), 31.8 (C-7), 32.1 (C-8), 50.3 (C-9), 36.7 (C-10), 21.2 (C-11), 
39.9 (C-12), 42.5 (C-13), 56.9 (C-14), 24.5 (C-15), 28.4 (C-16), 
56.2 (C-17), 12.0 (C-18), 19.6 (C-19), 36.3 (C-20), 19.2 (C-21), 
34.1 (C-22), 26.3 (C-23), 46.0 (C-24), 29.3 (C-25), 20.0 (C-26), 
18.9 (C-27), 23.2 (C-28), 12.1 (C-29). Substance 3 was identified 
by comparison of 13C-NMR chemical shifts with data reported in 
Patra et al. (2010).

28-hydroxyfriedelin (4). 13C-NMR (CDCl3, 100 MHz): 
δ (ppm) 22.2 (C-1), 41.5 (C-2), 213.1 (C-3), 58.2 (C-4), 42.1 
(C-5), 41.2 (C-6), 18.2 (C-7), 52.4 (C-8), 37.4 (C-9), 59.4 (C-10), 
35.4 (C-11), 30.1 (C-12), 39.3 (C-13), 38.1 (C-14), 31.2 (C-15), 
29.1 (C-16), 35.1 (C-17), 39.4 (C-18), 34.5 (C-19), 28.1 (C-20), 
33.3 (C-21), 31.4 (C-22), 6.8 (C-23), 14.6 (C-24), 18.0 (C-25), 
19.0 (C-26), 19.2 (C-27), 68.0 (C-28), 32.8 (C-29), 34.2 (C-30). 
Substance 4 was identified by comparison of 13C-NMR chemical 
shifts with data reported in Sidjui et al. (2015).

Ursolic acid (5). 13C-NMR (CDCl3, CD3OD, 100 MHz): 
δ (ppm) 38.5 (C-1), 26.4 (C-2), 78.4 (C-3), 38.4 (C-4), 55.1 (C-5), 
18.1 (C-6), 32.8 (C-7), 39.2 (C-8), 47.3 (C-9), 36.7 (C-10), 23.0 
(C-11), 125.3 (C-12), 138.0 (C-13), 41.8 (C-14), 27.8 (C-15), 
24.0 (C-16), 47.6 (C-17), 52.6 (C-18), 38.9 (C-19), 38.7 (C-20), 
30.4 (C-21), 36.6 (C-22), 27.7 (C-23), 15.0 (C-24), 15.3 (C-25), 
16.6 (C-26), 23.2 (C-27), 180.3 (C-28), 16.6 (C-29), 20.7 (C-30). 
Substance 5 was identified by comparison of 13C-NMR chemical 
shifts with data reported in Miranda et al. (2015).

The presence of terpenes in Myrtaceae species is 
a striking feature (Padovan et al., 2014). Thus, this study 
corroborated this statement, since were isolated and identified 
five substances of this class. Although they are already known 
compounds, and described in plants, is the first time that they are 
reported on a Myrciaria species.

The chromatographic profile of EEF by HPLC (354 nm) 
is shown in Figure 2. The signals obtained from the chromatogram 
were compared according to its absorption spectrum in the UV-Vis 
(230 to 400 nm), and retention time with various commercial 
standards, allowed the identification of three phenolics compounds, 
ellagic acid (6), hyperoside (7), and isoquercitrin (8) (Figure 1). 
Although they are substances already described in Myrciaria 
genus, it is the first time they are reported to M. strigipes. The 
chromatogram showed other signals, but it was not possible to 
identify them with the available standards.
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Fig. 1: Substances identified in M. strigipes.

Fig. 2: Chromatographic profile of EEF from Myrciaria strigipes by HPLC at 354 nm. 1- ellagic acid (6); 2- hyperoside (7), 3- isoquercitrin (8).

There are several methods for in vitro evaluation of 
antioxidant activity of plant extracts, among them stand out 
from those using synthetic free radicals, such as 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and 2,2’-azinobis-(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) (Pyrzynska and Pękal, 2013). The 

DPPH and ABTS assays are characterized by being fast, easy 
and reproducible, and widely used for preliminary investigation 
of antioxidant activity (Mishra et al., 2012; Re et al., 1999). The 
use of the both assays is due to the sensitivity differences in the 
capture of the two radicals, depended the chemical characteristics 
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of the compounds present in the extract. This fact may have as 
justification the phenomenon of steric blockade, which may 
prevent or delay the reaction in the DPPH assay. The closer the 
hydroxyl groups in the sample are to the unpaired nitrogen of 
the DPPH radical, the greater the ease of reaction, so the activity 
against the DPPH radical can be influenced by the structural 
characteristics of the antioxidant molecule (Alisi et al., 2012).

The EEF showed antioxidant activity in both evaluation 

models (Figure 3). In DPPH assay, the extract showed inhibition of 
73.34 ± 2.17% at concentration of 100 µg/mL and EC50 (effective 
concentration 50%) of 61.79 ± 2.97 µg/mL. In ABTS assay, the 
EEF showed inhibition of 91.79 ± 0.78% at a concentration of 
50 µg/mL, demonstrated statistically significant similarity with 
Trolox at a concentration of 100 µg/mL, and showed EC50 of 23.72 
± 0.48 µg/mL. Trolox showed EC50 of 4.60 ± 0.82 and 1.08 ± 0.05 
µg/mL in DPPH and ABTS assays, respectively.

Fig. 3: Antioxidant activity evaluation of EEF from Myrciaria strigipes. (A) DPPH assay; (B) ABTS assay. *p > 0.05, when compared to Trolox.

The results of the inhibition assay on the enzyme 
activity of α-glucosidase demonstrated that EEF has high potential 
inhibition, showed 84.62 ± 0.87% of inhibition and EC50 of 40.66 
± 0.81 µg/mL. The positive standard deoxynojirimycin showed 
inhibition of 94.85 ± 0.03% and EC50 of 37.30 ± 4.41 µg/mL.

Oxidative stress plays an important role in diabetes 
pathology. The increase of oxidative markers level in diabetes 
type 2 patients is well reported in the literature (Brownlee et 
al.,1984; Maritim et al., 2003; Evans et al., 2002). Therefore, the 
use of antioxidant drugs can contribute to the diabetes control. 
The antioxidant activity can be associated with the synergistic 
effects of various active compounds which contribute in different 
degrees to the activity. Studies have shown that the antioxidant 
activity has a strong positive correlation with the presence of 
phenolic compounds (Mustafa et al., 2010) and seems to exist a 
positive relation between antioxidant activity and α-glucosidase 
inhibition. 

Based on the chromatographic profile of EEF by 
HPLC, it can be inferred that the identified phenolic compounds 
contribute to the antioxidant capacity. Moreover, studies have 
demonstrated the antioxidant activity of ellagic acid (6) (Hayes et 
al., 2011) lutein, sesamol and ellagic acid, hyperoside (7) (Zhou et 
al., 2013), and isoquercitrin (8) (Li et al., 2011).

The inhibition of α-glucosidase by EEF from M. 
strigipes may be associated with the presence of compounds 
belonging to the different chemical class. Several studies have 
reported the inhibition potential of tannins (Gunawan-Puteri and 
Kawabata, 2010), phenolic acids (You et al., 2012), triterpenes 
(Wang et al., 2013), and flavonoids (Pereira et al., 2011). Among 
the phenolic acids, ellagic acid (6) stands out for having a high 
α-glucosidase inhibitory activity (You et al., 2012), then the 
presence of this compound in the extract may be contributing to 
the observed inhibitory activity. Furthermore, ursolic acid (5), 

also present in the EEF, is a compound with recognized ability to 
inhibit α-glucosidase (Wang et al., 2013).

Therefore, this work reported, for the first time, chemical 
aspects and biological activity of Myrciaria strigipes O. Berg. 
Five substances of terpenes class and three phenolic compounds 
were identified. The EEF showed antioxidant activity when tested 
by synthetic radicals, leading the continued evaluation of this 
activity against reactive species of biological interest. Moreover, 
the ethanol extract showed promising inhibitory activity on 
α-glucosidase, an enzyme involved in diabetes disease. 

Moreover, this report is in line with the Brazilian Policies 
concerning Medicinal Plants and Herbal Medicines designed to 
ensure the research of native medicinal plant species to allow 
the safe and rational use of them in the Public Health System. 
Also, studying native plants can promote the sustainable use of 
biodiversity, the development of technologies and innovations and 
the strengthening of productive chains.
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