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Abstract: Plants synthesize secondary metabolites as a means of survival and competition. These 
metabolites are a potential source of natural antioxidants that may promote activity, favoring the control of 
cellular damage caused by oxidative stress. The Annonaceae family occurs in tropical and subtropical 
regions worldwide. The medicinal benefits of plants from this family are caused by secondary metabolites 
present in these species. Thus, this study aimed to determine the total phenolic content, evaluate the 
antioxidant potential, and in vitro cytotoxicity of the leaf ethanolic extract from Ephedrantus amazonicus R. 

HIGHLIGHTS 
 

• The phenolic content shows a positive correlation with antioxidant activity; 

• The leaf ethanolic extract from Ephedranthus amazonicus has antioxidant activity; 

• The leaf ethanolic extract from Ephedranthus amazonicus didn’t show cytotoxic activity against 
L929 (fibroblast) cell lines. 
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E. Fries. The phenolic content and antioxidant activity were evaluated by the Folin-Ciocalteu and DPPH 
methods, respectively. The assays were adapted for 96-well microplates, with absorbance reading at λ = 
630 and 517 nm, respectively, using a UV-Vis spectrophotometer. The in vitro cytotoxicity assay was 
performed using fibroblasts (L929 cell line). The MS/MS analyses were performed through direct infusion 
using a LCQ Fleet mass spectrometer equipped with APCI font and ion trap analyzer, in the positive and 
negative mode. A molecular network was created using the online workflow on the GNPS website 
(http://gnps.ucsd.edu). The phenolic content at 400μg was 25.24 ± 0.98μg.GAE/g, while the antioxidant 
activity showed an EC50 of 13.37±2.63 μg.mL-1. Dereplication led to the annotation of three flavonoids that 
may contribute to the observed antioxidant activity. The extract showed low cytotoxicity at the highest 
tested concentration (> 500μM). The results demonstrate that the extract from Ephedrantus amazonicus 
R.E. Fries leaves is a promising source of natural antioxidants. 

Keywords: Antioxidant; natural; cytotoxic activity; Ephedranthus amazonicus. 
 

 

INTRODUCTION  

Annonaceae is a family of flowering plants of the order Magnoliales belonging to the Magnoliidae class. 
It occurs in tropical and subtropical regions throughout the globe and currently contains 110 genera and 
over 2,500 species of trees, shrubs, and lianas. Most species belonging to the Annonaceae family have 
been traditionally used in the treatment of several diseases [1]. 

Ephedranthus S. Moore is a Neotropical genus of Annonaceae distributed from Colombia and the 
Guianas to Bolivia and the southeatern region of Brazil, composed of seven species: E. amazonicus RE 
Fr., E. boliviensis Chatrou & Pirie, E. colombianus Maas & Setten, E. dimerus JC Lopes, Chatrou & Mello-
Silva, E. guianensis RE Fr., E. parviflorus S. Moore and E. pisocarpus RE Pe., distributed in the Amazon 
region of Brazil, Colombia, and Peru, with a single known collection in Venezuela. It occurs in non-flooded 
forests on lateritic soil, at altitudes ranging from 50 to 200 m. It flowers from April to June, rarely in October, 
and fruits throughout the year, mainly from April to August [2]. 

The medicinal benefits of the family are associated with the bioactivity of secondary metabolites 
present in the species. Plants synthesize these metabolites as a means of protection against animals, 
bacterial and viral infections, and competition with other plants [3]. 

Plant secondary metabolites have emerged as a potential source of natural antioxidants. These 
compounds perform a synergistic action that promotes activity, favoring the control of cellular damage 
caused by oxidative stress [4], and have also been widely used as food additives to prevent or delay 
oxidative degradation of foods [5]. 

Antioxidant activity can be measured through colorimetric techniques such as DPPH and Folin-
Ciocalteu [6,7] assays. Several methods for evaluating antioxidant activity are proposed in the literature; 
however, some are more appropriate than others. Therefore, the method of choice will depend on the 
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nature of the compounds present in the species. To be considered a good antioxidant, the sample must, at 
low concentrations, delay or prevent the oxidation of the substrate. For this, some aspects are necessary, 
such as the presence of electron-donating substituents or a hydroxyl group [8, 9, 10]. 

Microplates are a standard tool in various biological activity investigation laboratories [11]. Therefore, to 
make the model more applicable to different concentration ranges, adaptations were made to the protocols 
for total phenolic content and antioxidant activity (DPPH method), for the 96-well microplate model, 
following the authors' guidelines [6,7]. The microplate assay reduces the amount of reagents and samples 
required, increases the number of simultaneous analyses and concentrations, and allows for the 
automation of absorbance readings, enabling the analysis of more robust results that allow for the 
discovery of antioxidant agents that can be used by Society [12]. 

Thus, considering the biological potential of species belonging to the Annonaceae family and the 
limited amount of scientific records involving the species Ephedrantus amazonicus RE Fries, popularly 
known as "envira-dura" [12] the present study aimed to determine the total phenolic content, antioxidant 
potential, and in vitro cytotoxicity of the ethanolic extract from leaves. 

MATERIAL AND METHODS 

Botanical material  

The plant material of E. amazonicus (leaves) was collected in a forest fragment in the municipality of 
Porto Velho-RO, Brazil with the following coordinates: 9º 16' 3" S, 64º 24' 20" W. An exsicata of the plant 
was selected and identified by Mendes-Silva, I, and the specimen of the species was deposited in the 
Herbário Rondoniense João Geraldo Kuhlmann (RON) under the number CEN00093531. Authorization 
requests for the activities were forwarded to the Environmental Agencies: Genetic Heritage and Associated 
Traditional Knowledge Management System (SISGEN) under the registration A0EC19D. 

Preparation of the ethanolic extract  

The leaves (100g), collected in September 2021, were washed with running water to remove possible 
dirt residues before being exposed to dehydration. They were also crushed to reduce their size, thus 
increasing the surface area of contact with the solvent. Subsequently, the samples were placed in 
autoclaved glass jars, and were macerated with 500 mL of ethanol for a period of 72h. On the third day, the 
suspension was filtered and dried in a rotary evaporator (Fisatom-802) under reduced pressure. The 
prepared extract was stored in an amber bottle and kept in kept in freezing temperatures. 

Evaluation of phenolic content and antioxidant potential  

Initially, the assays for determining the total phenolic content by the Folin-Ciocalteau method 
(wavelength (λ) of 630 nm); and scavenging of the free radical DPPH (2,2-diphenyl-1-picrylhydrazyl) 
(wavelength (λ) of 517 nm) were standardized [6,7].  

Folin-Ciocalteau method  

The 10% sodium carbonate solution (Na2CO3) (Êxodo) was prepared using a volumetric flask. For this, 
10.06 g of the reagent were weighed in the final volume of 100 mL of distilled water. The solution was 
stirred until complete sample dilution and subsequently stored in an amber glass bottle. The 3% Folin-
Ciocalteau solution was prepared using a volumetric flask. For this, 3 mL of Folin-Ciocalteau Phenol 2M 
reagent (Êxodo) were diluted to the final volume of 100 mL. The solution was homogenized and stored in 
an amber glass bottle. A stock solution of gallic acid (Neon) at 0.2 mg/mL was prepared, as well as the 
standard solution at 3 mg/mL, both diluted with ethanol. After homogenization, they were transferred to 
amber glass bottles and stored in the refrigerator for up to 5 days [6]. 

DPPH method  

The solution was prepared using the DPPH reagent (2,2-diphenyl-1-picrylhydrazyl) (Sigma Aldrich) at a 
concentration of 32 µg/mL (80 µM; MM = 394.32 g.mol-1). For this, 1.6 mg of the reagent were dissolved in 
50 mL of Ethyl Alcohol P.A. (Êxodo). The solution was homogenized in an ultrasonic bath (GlassLab) for 25 
min [7]. 
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Sample testing  

Folin-Ciocalteu assay  

In a 96-well plate, the extract was added at concentrations of 400, 200, 100, 50, 25, and 12.5 µg/mL. 
Distilled water, Folin-Ciocalteu solution, and saturated sodium carbonate solution were sequentially added. 
The plate also included Folin Ciocalteu control, blank (water), sample blank (extract), and positive control 
(gallic acid). The plate was protected from light and incubated for 20 minutes. After this period, absorbance 
was measured at λ=630 nm using the UV-vis spectrophotometer (model MB-580-Heales). From the 
equation (linear regression) generated through calibration with gallic acid, as shown in Figure 1, it was 
possible to quantify the content of phenolic compounds in the samples based on the reference (gallic acid). 
The assay was performed in triplicate. 
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Figure 1. Standard curve of gallic acid at concentrations ranging from 2 to 10 µg/mL versus the respective 
absorbances read at λ=630 nm. 

DPPH assay  

In a 96-well plate, the extract was added at concentrations of 400, 200, 100, 50, 25, and 12.5 µg, and 
then the DPPH solution was added. The plate also included controls for DPPH, blank (ethanol reagent), 
blank of the analyzed sample (extract), and positive control (gallic acid). The plate was protected from light 
and incubated for 30 minutes. After this period, the absorbance was read at λ=517 nm using a UV-Vis 
spectrophotometer (model MB-580-Heales). From the equation (linear regression) generated through the 
calibration with gallic acid, demonstrated in Figure 2, it was possible to quantify the antioxidant activity of 
the samples from the reference (gallic acid). The experiment was performed in triplicate. 
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Figure 2. Standard curve of gallic acid at concentrations ranging from 0 to 2 µg/mL versus the respective 
absorbances read at λ=517 nm. 
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Cytotoxicity test  

For the cytotoxicity test, a fibroblast cell line derived from mouse connective tissue, L929, was cultured 
in RPMI medium, supplemented with 50 µg/mL gentamicin, and 10% fetal bovine serum (FBS). The 
cultures were incubated in a CO2 incubator at 37ºC. For the cytotoxicity assays, in 96-well plates, after 
fibroblasts adhered to the plate for a period of 24 hours, they were treated with 20 μL of the extracts at 
serial concentrations (500 – 7.81 µg). Positive control consisted of cells without treatment, negative control 
consisted of cells treated with Lysis buffer – 100 μL, and the blank consisted of RPMI-1640 medium 
supplemented with FBS. After 72 hours of treatment, 20 μL of a resazurin solution was added to each well 
at an initial concentration of 2 mM. After 5 hours of incubation at 37°C, fluorescence was determined using 
the Synergy HT spectrophotometer (BioTek) with excitation at λ=530/25 and emission at λ=590/35 [13]. 
The tests were carried out at Fiocruz/RO. 

Statistical analysis of the data  

Statistical analyses were performed using GraphPad Prism version 8.0. In order to determine the total 
phenolic content (TPC), the absorbance values obtained for each sample in the test were correlated with 
the standard curve of gallic acid, and the TPC was expressed in micrograms of gallic acid equivalent (GAE) 
per gram of extract sample. For the calculation of DPPH reduction, non-linear regressions of the means 
and values for each concentration were performed, with values observed based on at least two 
independent experiments and three replicates.  

MS/MS data acquisition  

The MS/MS analyses were performed using LCQ Fleet (Thermo Fisher Scientific, Waltham, MA, USA) 
through direct infusion (3 µL/min using integrated syringe pump). The mass spectrometer, equipped with 
APCI font and ion trap analyzer, was operated in the positive and negative mode. Sheath gas (35 arbitrary 
units) and auxiliary gas (15 arbitrary units). Mass spectrometry parameters used were a source voltage of 
5.0 kV, a capillary voltage of 35 V, a tube lens voltage of 110 V, a capillary temperature of 200 °C, and an 
APCI vaporizer temperature of 350 °C. Full-scan data acquisition (mass range: m/z 100–1000). The 
normalized collision energy of the collision-induced dissociation (CID) cell was set at 35 eV. The spectra 
were processed using the Xcalibur software, version 2.2 SP1.  

Molecular Networking Workflow 

Data were converted to mzML using ProteoWizard MSConvert [14]. After processing, a molecular 
network was created using the online workflow (https://ccms-ucsd.github.io/GNPSDocumentation/) on the 
GNPS website (http://gnps.ucsd.edu) [15]. The data was filtered by removing all MS/MS fragment ions 
within +/- 17 Da of the precursor m/z. MS/MS spectra were window filtered by choosing only the top 6 
fragment ions in the +/- 50 Da window throughout the spectrum. The precursor ion mass tolerance was set 
to 2.0 Da and a MS/MS fragment ion tolerance of 0.5 Da. A network was then created where edges were 
filtered to have a cosine score above 0.70 and more than 6 matched peaks. Further, edges between two 
nodes were kept in the network if and only if each of the nodes appeared in each other's respective top 10 
most similar nodes. Finally, the maximum size of a molecular family was set to 100, and the lowest scoring 
edges were removed from molecular families until the molecular family size was below this threshold. The 
spectra in the network were then searched against GNPS' spectral libraries. The library spectra were 
filtered in the same manner as the input data. All matches kept between network spectra and library 
spectra were required to have a score above 0.7 and at least 6 matched peaks. The networks were plotted 
using Cytoscape [16,17]. 

RESULTS  

Determination of Total Phenols 

As shown in Figure 3, the leaf extract from E. amazonicus R.E.FR exhibited a phenolic compound 
content of 25.24 ± 0.98 μg.GAE/g at the highest concentration tested (400 μg/mL). 
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Figure 3. Total phenolic compound content (TPC), expressed in gallic acid equivalents (GAE), for crude extract from 
leaves of Ephedranthus amazonicus R.E.FR. The graph was plotted as a function of the extract concentration (µg.mL-

1) and the respective absorbances read at 630nm. Data refer to the mean and standard deviation (±) of two 
independent experiments. 

DPPH radical method 

When analyzing the results by the DPPH method, we observe that the extract from Ephedranthus 
amazonicus R.E.FR leaves presented an EC50 (half maximal Effective Concentration) - which is the amount 
of antioxidants necessary to decrease the initial concentration of DPPH - by 50%, of 13.37±2.63 μg. mL-1. 
Additionally, gallic acid, used as a positive control, was tested at concentrations ranging from 2 μg/mL to 
0.5 μg/mL, resulting in an EC50 of 0.7327 μg/mL (Figure 4). 

 

 

 

Figure 4. Antioxidant activity of the crude extract from Ephedranthus amazonicus R.E.FR. (A) leaves and (B) Gallic 
acid, evaluated by the DPPH radical scavenging capacity method. The graphs were plotted as a function of extract 
concentration (µg.mL-1) and respective absorbances read at 517 nm. Data refer to the mean and standard deviation 
(±) of two independent experiments. 
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Cytotoxic activity of the extract 

In this study, the plant extract showed cytotoxic concentration (CC50) >500 µg.mL-1 against the L929 
cell line (fibroblastic cell line derived from mouse connective tissue) suggesting low cytotoxicity of the crude 
extract, as shown in Figure 5. A lysis buffer was used as a positive control for cytotoxicity, resulting in 100% 
cell mortality.  

 

Figure 5. Determination of the cytotoxic effect of Ephedranthus amazonicus extract, serial dilution (500 – 7.81 µg), 
against the L929 murine fibroblasts lineage, after 72 hours of incubation through the resazurin assay. Notes: Positive 
control= cells without treatment; negative control= cells treated with Lysis buffer 

Flavonoids annotation by mass spectrometry 

The acquired and pre-processed MS/MS datasets were used for flavonoid annotation through MN 
generated by GNPS. The MN processed data can be accessed here: 
https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=de5ad0f4fbb8484c95c617b1e0e8895b. In the network 
arbitrarily identified as MN1 (Figure 6), the 3 nodes were annotated with high confident spectral matches 
(cosine > 0.9) to the flavonoids isovitexin (1), luteolin-7-glucoside (2), and luteolin 4'-O-glucoside (3) (Table 
1).  

 
 

Figure 6. Flavonoids annotated in the GPNS data base. 
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   Table 1. APC+ MS/MS data from raw extract from E. amazonicus. 

Compound RT (min) Composition [M+H]+ (m/z) MS/MS -  (m/z) 

1 3.75 C21H20O10 433.69388 

433 [M+H]+; 415 [M+H-H2O]+; 397 [M+H-
2H2O]+; 379 [M+H-3H2O]+; 313 [M+H-
C4H8O4]+; 283[M+H-C4H8O4-CH2O]+; 271 
[M+H-C6H10O5]+ 

2 4.83 C21H20O11 449,69583 

449 [M+H]+; 431 [M+H-H2O]+; 413 [M+H-
2H2O]+; 395 [M+H-3H2O]+ ; 329 [M+H-
C4H8O4]+ ; 299 [M+H-C4H8O4-CH2O]+; 287 
[M+H-C6H10O5]+ 

3 4.11 C21H20O11 449,51152 
449 [M+H]+; 431 [M+H-H2O]+; 413 [M+H-
2H2O]+; 299 [M+H-C4H8O4-CH2O]+; 287 
[M+H-C6H10O5]+ 

DISCUSSION 

Polyphenols present in natural extracts sometimes have high antioxidant activity [18]. In the study 
carried out by [19], the crude extract from the leaves of Ephedranthus parviflorus presented 102.67 ± 1.89 
mg.EAG/g of total phenols. The difference between the results of total phenols in this study (25.24 
μg.EAG/g or 0.02524 mg.EAG/g) and those found by [19] can be explained by the higher concentration of 
phenols in the extracts. Thus, it is inferred that samples with greater amounts of phenols may have greater 
antioxidant capacity. 

In the study by [20] the ability to eliminate DPPH free radicals increases according to the concentration 
of phenols. Thus, phenols are considered important constituents, due to the presence of hydroxyl groups 
and their ability to scavenge free radicals. Therefore, the phenol content in plant extracts directly 
contributes to their antioxidant action [20, 21, 22]. 

Considering the content of phenols obtained as satisfactory, a correlation with the presence of phenolic 
compounds in the sample is suggested, taking into account that compounds that have a hydroxyl group are 
among the main agents responsible for the antioxidant effects of plants. There are other factors involved in 
the antioxidant action, such as the chemical structure, composition of active phytochemicals, position, the 
number of hydroxyls present in the molecules, among others [23]. 

The study by [12] highlighted the antioxidant potential of methanolic extracts from Ephedrantus 
amazonicus by the ORACFL method. The activity was associated with the presence of a high concentration 
of compounds from the alkaloid class. In this sense the alkaloid fraction of the branches of the investigated 
species showed greater antioxidant capacity. As for isolated compounds, the isomoschatoline alkaloid 
extracted from leaves and branches of the Ephedrantus amazonicus species showed significant antioxidant 
activity by the ORACFL method when compared to positive controls [12]. 

L929 fibroblasts are recommended by ISO 10993-5 for cytotoxicity tests [24]. The study by Alcântara 
(2015) presents the cytotoxicity of the essential from Ephedranthus amazonicus leaves in three human cell 
lines: ACP02 (gastric adenocarcinoma), MCF-7 (breast adenocarcinoma) and SK-MELL3 (melanoma). The 
results showed that cell viability decreased with increasing oil concentration, and at lower concentrations, 
the oil showed moderate cytotoxicity for ACP02 and SK-MELL3, and mild cytotoxicity for the MCF-7 strain. 
The oil also showed cytotoxic activity at the highest concentration tested (50 µg.mL-1) against cell lines 
HCT-116 (colorectal carcinoma) and MRC-5 (human lung fibroblast) [25].  

To complement the GNPS platform annotation, the three flavonoids were putatively identified at level 2 
[26] by comparison with data from literature [27, 28, 29]. Mass spectra obtained under APCI for putative 
compounds 1, 2, and 3 are in agreement with literature data.   

Flavonoids are very common and widespread secondary plant metabolites. The predominant form of 
naturally occurring flavonoids in plants is that of a flavonoid glycoside. Flavonoids were isolated and 
identified from several species of Annonaceae native from Brazil [30, 31, 32]. Our findingss represent the 
first report on the presence of flavonoids isovitexin, luteolin-7-glucoside, and luteolin 4'-O-glucoside in E. 
amazonicus. These results, therefore, provide evidence that these flavonoids may contribute to the 
antioxidant activity shown to the extract from leaves of E. amazonicus.  

CONCLUSION 

Based on the DPPH reduction mechanism, we infer that the antioxidant capacity of the alcoholic 
extract from Ephedrantus amazonicus R.E. Fries leaves is correlated with the concentration of phenol 
content. Our findings suggest that flavonoids contribute to the antioxidant activity shown to the extract from 
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leaves of E. amazonicus. The extract was not shown to be cytotoxic at the highest concentration tested, 
thus, the in vitro results suggest that the species can be considered as a potential source of natural 
antioxidant compounds. As perspectives for this group, isolation and identification of the chemical 
constituents of the extract will be carried out, as well as studies with other antioxidant models and in vivo 
assays that are essential to further confirm it as a biological antioxidant, in order to explore the 
bioavailability of phytomolecules for domestic use in the food industries, cosmetics and pharmaceuticals. 
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