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Abstract

Croton argyrophylloides Muell. Arg., from the Euphorbiaceae family, popularly known as marmeleiro prateado or sacatinga,
is a plant from the Caatinga biome commonly found in Brazil’s northeastern region. The present study aimed to
evaluate the antioxidant activity of the species. The phytochemical study was performed through qualitative analysis
of chemical constituents and quantitative determination of the total phenol content through the Folin-Ciocalteu test.
The qualitative and quantitative antioxidant tests were performed using the DPPH method (2.2 diphenyl-1-picryl
hydrazil) and ferric reducing antioxidant power (FRAP). The minimum inhibitory concentration (MIC) was determined
by microdilution in 96-well plates. The ethanolic extract of the leaves of C. argyrophylloides manifested antioxidant
action in the quantitative DPPH test with a significant bioactivity of 84.70 AAO% in 500 pg/mL, with an EC,; of 236.79.
The content of total phenolic compounds was 946.06 mg of gallic acid equivalents/g of sample, and total flavonoids was
58.11 mg of quercetin equivalents/g of sample, the result obtained for FRAP was 15294.44 pM Trolox/g of sample and
ABTS was 718 uM Trolox of sample. The prospecting of the chemical constituents of the leaves of C. argyrophylloides
revealed the presence of the main compounds that manifests the antioxidant activity and it was proven by the DPPH
method that there is antioxidant activity in the analyzed sample, in addition to demonstrating a significant content of
phenolic compounds and total flavonoid content in the species, which corroborates the antioxidant activity of the plant
sample. The leaf extracts presented growth inhibition halos of 10 and 12 mm upon Staphylococcus aureus ATCC 25923.
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Resumo

Croton argyrophylloides Muell. Arg., pertencente a familia Euphorbiaceae, conhecida popularmente como marmeleiro
prateado e sacatinga, é um vegetal do bioma caatinga comumente encontrado no Nordeste do Brasil. O presente trabalho
teve como objetivo avaliar a atividade antioxidante da espécie. O estudo fitoquimico foi realizado por meio de analise
qualitativa dos constituintes quimicos e determinagdo quantitativa do teor de fenois totais pelo teste de Folin-Ciocalteu. Os
testes antioxidantes qualitativos e quantitativos foram realizados pelo método do DPPH (2,2 difenil-1- picril-hidrazila) e
redugdo do ferro (FRAP). A concentragdo inibitoria minima (CIM) foi determinada por microdilui¢do em placas de 96 pogos.
O extrato etanélico das folhas de C. argyrophylloides apresentou acdo antioxidante no teste DPPH quantitativo com uma
significativa bioatividade de 84.70 AAO% em 500 pg/mL, apresentando um CE, de 236.79. O teor de compostos fenélicos
totais, foi de 946,06 mg equivalentes de acido galico/g de amostra, e de flavonoides totais de 58,11 mg equivalentes de
quercetina/g da amostra, o valor encontrado para FRAP foi de 15294,44 nM Trolox/g da amostra e de ABTS foi 718 yM
Trolox da amostra. A prospeccdo dos constituintes quimicos das folhas de C. argyrophylloides revelou a presenca dos
principais compostos que caracterizam a atividade antioxidante e foi possivel comprovar pelo método de DPPH que ha
atividade antioxidante na amostra analisada, além de demonstrar um resultado significativo de teor de compostos fenélicos
e teor de flavonoides totais na espécie e o que corrobora com a atividade antioxidante da amostra vegetal. Os extratos
das folhas apresentaram halos de inibi¢do de crescimento de 10 e 12mm frente a Staphylococcus aureus ATCC 25923.

Palavras-chave: Croton argyrophylloides Muell Arg, antioxidante, fitoquimica, concentragdo minima inibitéria.

*e-mail: saskya_mcz@hotmail.com
Received: April 15, 2020 - Accepted: June 16, 2021

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
BY distribution, and reproduction in any medium, provided the original work is properly cited.

Brazilian Journal of Biology, 2023, vol. 83, 236649 | https://doi.org/10.1590/1519-6984.236649 1/9


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-0947-3619
https://orcid.org/0000-0001-7015-2489
https://orcid.org/0000-0001-5322-0275
https://orcid.org/0000-0002-8447-6326
https://orcid.org/0000-0002-6974-9410
https://orcid.org/0000-0003-0079-793X
https://orcid.org/0000-0003-0823-1957
https://orcid.org/0000-0002-5217-3857
https://orcid.org/0000-0002-0761-0755
https://orcid.org/0000-0002-2688-5025
https://orcid.org/0000-0002-7359-3738
https://orcid.org/0000-0001-5153-6583
https://orcid.org/0000-0001-6049-9446
https://orcid.org/0000-0003-2091-7951

Oliveira-Silva, S.K et al.

1. Introduction

Antioxidants may be defined as substances capable of
retarding or inhibiting oxidation of oxidizable substrates,
which may be enzymatic or non-enzymatic, such as
a-tocopherol-vitamin E, B-carotene, ascorbic acid-vitamin
C and the phenolic compounds (Alam et al., 2013).
In humans, the synthesis of free radicals can be controlled
by antioxidants, which can be from endogenous origin or
from the diet, among other sources (Sehwag and Das, 2014).

Silva et al. (2012) reports that the significance of
antioxidants, concerning free radical effects, lies on the
increase of oxygen-reactive species and/or decline of
antioxidant cellular activity, hence causing oxidative stress,
possibly injuring different molecules. Antioxidants have
biological properties similar to phenolic compounds, once
they are able to “hijack” free radicals due to its characteristic
of being electron donors.

Oxidative stress, induced by free radicals, is responsible
for several chronic diseases, including: diabetes, Parkinson’s
and Alzheimer’s disease, multiple sclerosis, muscular
dystrophy, cataracts and retinopathies, atherosclerosis,
myocardial infarction, liver cirrhosis and different types
of cancer (Speisky et al., 2012).

Another major public health issue are human-
infecting bacteria, which have been widely studied due
to its pathogenicity: Staphylococcus aureus, Pseudomonas
aeruginosa and Escherichia coli, which is also part of natural
human microbiota, and may cause opportunistic infections
by penetrating unusual sites or through pathogenic
serotypes (Cramer and Coleus, 2016). Hence, researching
new synthetic and vegetal-origined antibacterial
compounds is relevant. More than 5.000 phytochemicals
have been identified, however, a large percentage of these
remain unknown and their identification is revelant to
better understanding their health contribution when
included in human diet (Floegel et al., 2011).

Phytochemicals include carotenoids (o-carotene,
B-carotene, B-cryptoxanthin, lutein, zeaxanthin, astaxanthin
and lycopene); phenolic compounds: phenolic acids
(hydroxybenzoic acids and hydroxycinnamic acids),
flavonoids (flavonols, flavones, flavanols, flavanones,
anthocyanidins and isoflavonoids), stybenes, coumarins
and tannins; alkaloids; nitrogen compounds (derivatives of
chlorophyll, amino acids and amines) and: (isothiocyanates,
indoles, allylic sulfur compounds) (Halliwell and
Gutteridge, 2015). The most studied phytochemicals are
phenolic compounds and carotenoids. Plant species that
have significant sources of phenolic compounds express
antioxidant potential (Silva et al., 2012).

The caatinga’s flora contain multiple plants with
prominent pharmacological and economic potential
(Silva and Freire, 2010). The Euphorbiaceae family has
about 317 genera and 7,500 species. Croton is the second
largest genus of Euphorbiaceae, with approximately
1,200 species distributed predominantly on the American
continent. Brazil, with about 300 species, is one of the main
centers of diversity of the genus, which is represented
in the most varied environments and vegetation types
(Berry et al., 2005). Croton argyrophylloides Muell is
among the most applied species in traditional medicine.

2/9

Arg, from Euphorbiaceae family, popularly known in the
Northeast region as “marmeleiro prateado” or “sacatinga”
presents several medicinal properties such as antimicrobial,
antiedematogenic, antinociceptive and antioxidant (Porto,
2010).

Due to this oxidative stress, it is necessary to study
natural resources such as medicinal plants, which are
primary commodities that can be used in the production
of herbal medicines and other drugs. In this context,
it is suitable to search for vegetable species that have
antioxidant properties in order to prevent diseases and
deep tissue damage. Therefore, the objective of this study
was to perform phytochemical characterization, evaluate
antioxidant potential and antibacterial properties of
C. argyrophylloides, thus contributing to discovery of new
bioactive molecules with medicinal properties.

2. Material and Methods

The present experimental analytical study (in vitro
laboratory research) was performed in the multidisciplinary
research laboratory of the Centro Universitario Cesmac
and in the Natural Resources Research laboratory of the
Universidade Federal de Alagoas (LPqRN).

2.1. Plant material collection

The leaves of C. argyrophylloides were collected in the
Delmiro Gouveia city in 2015. The exsiccates were deposited
at the Institute of the Environment of the State of Alagoas’
Herbarium MAC, under registration number 4568; the
identification was operated by the botanist responsible
for the MAC Herbarium. The leaves were dried in an oven
at 37 °C and then crushed. The plants’ powder was stored
in a dark and hermetically sealed container.

2.2. Obtaining the ethanolic extract

The ethanolic extract from the leaves of C. argyrophylloides
was prepared through the maceration method, blended
with absolute ethanol for 72 hours, after which the extracts
were filtered. This procedure was repeated until maximum
extraction of the plant material. The liquid sample obtained
was then subjected to concentration in a rotary evaporator
under reduced pressure until the crude ethanolic extract
was obtained (Silva et al., 2019).

2.3. Phytochemical prospecting

The phytochemical prospecting qualitative tests
were based on the methodologies described by Matos
(1997), performed to verify the presence of phenols,
pyrogalic tannins, phobaphenic tannins, anthocyanin and
anthocyanidin, flavones, flavonols, xanthones, chalcones,
auronas, flavononols, leukanthocyanidins, flavonones,
steroids, triterpenoids, saponins, anthocyanin heterosides
and alkaloids.

2.4. Quantitative antioxidant evaluation by the DPPH
method

The quantitative evaluation of the antioxidant activity
performed with standard methodology, adapted for testing
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on microplates, monitoring the consumption of the free
radical DPPH by the vegetable sample, by measuring the
decrease in the absorbance of solutions with different
concentrations (Brand-Willians et al., 1990; Sanchez, 2002).
In order to evaluate the absorbance measurements in the
vegetable sample, it was diluted, in quadruplicate, with
200, 150, 75, 50, 25 and 12 pg.mL" in ethanol, starting
from the solution with 1.0 mg mL". 1.0 mL of 0.3 mM
DDPH in ethanol was added to 2.5 mL of the plant sample.
The reactions occurred at room temperature (around 26 °C)
for 30 minutes. The absorbance data were then analyzed at
518 nm. The drink’s antioxidant influence was calculated by
the absorbance of the sampled solution with sample and
DPPH, Abranco: the absorbance of the sampled solution
without addition of DPPH and Acontrol: the absorbance
of the reference solution DPPH and ethanol (Silva et al.,
2019; Mensor et al., 2001).

2.5. Calculating the EC,,

EC,,'s (Concentration that induces half the maximum
effect) calculation provides numerical parameters of how
capable to produce antioxidant substances the vegetable
sample is and also to verify its effectiveness against free
radicals in the tested model. The values of AAO% and
concentrations (200, 150, 75, 50, 25 and 12 pg.mL")
were correlated using the program “Excel for Windows”,
obtaining, the line equation for the plant. By solving this
equation (replacing the Y value with 50) EC,'s data was
obtained, which is the concentration required to produce
half (50%) of a maximum effect estimated at 100% for the
plant extract (Mensor et al., 2001).

2.6. Phenolics compounds determination

The content of phenolic compounds in the vegetable
sample was obtained based on the Folin-Ciocalteau
colorimetric method, with some modifications. The total
phenol values were expressed as gallic acid equivalents
(mg of gallic acid/ g of sample).

The Folin-Ciocalteu reagent is composed of a mixture
of phosphomolybdic and phosphotunguistic acids, in
which molybdenum and tungsten are in the 6* oxidation
state. However, in the presence of some reducing agents,
such as phenolic compounds, blue molybdenum and blue
tungsten are formed, of which the average metal oxidation
state varies between 5 and 6 and whose color allows the
determination of the concentration of substance reducing
agents, which do not necessarily need to be phenolic.
The results were expressed in mg of gallic acid per g of dry
sample weight (mg EAG/g). Determining total polyphenols
by reacting with the Folin-Ciocalteau reagent is based on
the principle that in an alkaline medium, phenols reduce
the mixture of phosphotungstic and phosphomolybdic
acids to blue tungsten and molybdenum oxides (Scherer
and Godoy, 2014).

2.7. Quantitative determination of flavonoids

The sample was diluted to a concentration of
0.150 mg/mL in ethanol and to 2.0 mL of that solution,
1.0 mL of the 2% aluminum chloride reagent was added,
a solution also diluted in ethanol. After 15 minutes, the
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samples were analyzed on a spectrophotometer at 420 nm.
In order to calculate the flavonoid content, a calibration
curve using the quercetin standard was used, using the
sample’s absorbance data (Silva et al., 2018).

The aluminum cation forms stable complexes with
the flavonoids in ethanol, causing a bathochromic shift in
the electromagnetic spectrum in the UV-VIS region and
increases absorption. In this way, it is possible to determine
the amount of flavonoids, avoiding the interference of
other phenolic substances, mainly phenolic acids, which
invariably link to flavonoids in plant tissues. Phenolic acids,
even those that form complexes with AICl,, absorb at much
shorter wavelengths, thereby avoiding interferences in
absorbance measurements.

2.8. ABTS free radical capture test [2,2-azino-bis
(3-ethylbenzotazolin) -6-sulfonic]

The antioxidant activity through the ABTS cation capture
test was performed according to the methodology applied
by Silva et al. (2018). The ABTS cation was obtained by
reacting 7mM of the ABTS stock solution with 2.45 mM
of potassium persulfate. The mixture was stored in a
dark bottle and at room temperature for 12-16 hours,
before use. The ABTS solution was diluted with phosphate
buffer (pH 7.4) to an absorbance of 0.7 to 730 nm. After
adding a 10puL sample or Trolox standard to 4mL of
diluted ABTS solution, absorbance data at 730 nm was
gathered after 6 minutes of reaction. Ethanol solutions
with known concentrations of Trolox (100, 200, 500, 1000,
1500, 2000 and 2500 pMol/L) were used for calibration.
The results were expressed as Trolox equivalent Antioxidant
Capacity (TEAC- pMol/LTrolox/pg/mL).

2.9. Ferric reducing antioxidant power — FRAP

In order to evaluate antioxidant activity, 900 pL of the
FRAP reagent previously prepared was mixed with 90 pL
of distilled water and 10 pL of the sample or standard.
The samples were incubated at 37 °C for 30 minutes and
the reading was performed at 595 nm. Standard solutions
with different concentrations of Trolox (10, 100, 200, 300,
400,500, 600, 700, 800,900 and 1000 pmol/L) were used
for calibration. The sample results will be expressed as
pmol/L of Trolox/pg/mL (Rufino et al., 2006).

2.10. Antibacterial activity evaluation

Standard ATCC® strains acquired from Centrallab
were used in the form of lyophilisates and added to the
refrigerator, to be then dissolved in a liquid medium.
The tested microorganisms were: Staphylococcus aureus
ATCC 25923, Pseudomonas aeruginosa ATCC 27853,
Escherichia coli ATCC 25922. The sizes of the halos were
evaluated.

The microbial inoculum was prepared by removing
some bacterial colonies from the pre-inoculation plates
(and suspended in sterile saline solution (0.9% NaCl) until
the turbidity was adjusted to 0.5 Mac Farland’s 0.5 scale.
By using tweezers and a watch glass, the filter paper
discs were soaked directly in the crude ethanol extract in
triplicates, right after being taken to the oven for 24 hours
at a temperature of 35 °C.
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Sterile filter paper discs, previously impregnated in the
crude extract, with a diameter of 6 mm were used. As a
positive control, amikacin discs (10 pg) from (Cecon®)
and chloramphenicol (10 pg) from (Cecon®) were used.
The disks were impregnated with the extract and added
on the surface of the culture medium that was previously
sown with bacterial inoculum. The plates were inversely
incubated at 37 °C for 24 hours. The tests were performed
in triplicates and the results were determined by the
arithmetic mean of the diameter of the growth inhibition
bacterial halos. Extracts with growth inhibition halos
> 8 mm in diameter were considered active for at least
one of the strains tested (Catdo et al., 2010). The Minimum
inhibitory concentration was defined as the lowest
concentration able to inhibit microbial growth. Statistical
analyses were performed using the Assistat program (7.6).
The variance analysis of the experiment was determined
using the Dunnett test at the level of 5% probability.

3. Results and Discussion

3.1. Phytochemical prospecting

Phytochemical analysis of the ethanolic extract of the
C. argyrophylloides leaves demonstrated the presence of
phenols: flavone, flavonol and xanthone type. In addition
to these, saponins and alkaloids were also found. These
data can be seen in Table 1, in which the presence or
absence of each analyzed metabolite was indicated by P
or N, respectively. Phytochemical analysis of the species
Euphorbia biumbellata, Euphorbia terracina and Euphorbia
dendroides (family Euphorbiaceae) revealed the presence
of several secondary metabolites in the aerial parts of the
studied plants: tannins, flavonoids, lipids, sterols, saponins
and terpenes. In contrast, the alkaloids were not detected
(Zeghad et al., 2016).

The great interest around these classes of secondary
metabolites is the correlation that these compounds have
with various biological activities (Fonseca et al., 2019;
Santos et al., 2018), such as antioxidant and antimicrobial
activities among other (Silva et al.,, 2021; Kuhn et al., 2019;
Mallmann et al., 2018). A diet abundant in some of these
compounds is able to act in the prevention of various
diseases. Compounds such as saponins are related to
action detergent and emulsifier, expectorant and diuretic
(Kaneshima et al., 2016), anti-inflammatory (Xiong et al.,
2015), antifungical (Woldemichael and Wink, 2001).

The tannins have astringent, antidiarrheal drug effects,
antimicrobial, antiseptic and the flavonoids, abundant in
fruits, have anti-inflammatory properties, antibacterial,
antifungal, antioxidant and anticancer (Kaneshima et al.,
2016).

The phytochemical profile of the leaves of
C. argyrophylloides presented a result similar to the
phytochemical study of the species in which the
presence of alkaloids and 12 polyphenols were found
in Croton heliotropiifolius Kunth (Randau et al., 2014);
and alkaloids, steroids, flavonols, flavanones, tannins,
triterpenoid and xanthones in Croton linearifolius Mull. arg.
(Oliveira et al., 2014). According to Morais et al. (2016), the
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presence of flavones, flavonols and xanthones was found
in the leaves of this caatinga species.

3.2. Quantitative antioxidant evaluation by the DPPH
method

Regarding the quantitative assessment of antioxidant
activity (AAO%) by the DPPH method, it was possible
to observe a significant bioactivity of 84.70 AAO% in
500 pg/mL (Table 2). The antioxidant behavior of the
vegetable sample was represented by the linear line
equation model, with a determination coefficient (R?)
greater than 0.9, which enabled the determination of
its effective concentration at 50% (EC,,). The EC,; of the
ethanolic extract of C. argyrophylloides was 236.79ng/mL.

This result can be related to the secondary metabolites
detected in this plant sample through phytochemical
screening (phobanic tannins, flavonols, xanthones,
flavones, catechins, saponins and alkaloids). The research

Table 1. Prospection of the chemical constituents of C. argyrophylloides
leaves.

Secondary metabolites Results
Phenols N
Pyrogelic tannins N
Flobafenic tannins P
Anthocyanyn and anthocyanidin N
Flavones, flavonols and xanthones P
Chalcones and auronas N
Flavonols N
Leucoanthocyanidins N
Catechins P
Flavonones N
Steroids P
Triterpenoids N
Saponins P
Alkaloids P

(P) = Positive; (N) = Negative.

Table 2. Evaluation of antioxidant activity through the hijacking of
DPPH radical activity of leaves Croton argyrophylloides Muell. Arg.

Concentrations AAO %

tested (ug/mL) DPPH (%)
500 84.70
200 4053
150 3735
75 32.90
50 33.92
25 22.87
12 16.28
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by Rath et al. (2011) showed a DPPH activity present in
the aqueous extract of leaves of Croton roxyburgii Balaki
of 50.75 pg/mL. Melo et al. (2011), analyzed other species
of Euphorbiaceae, such as Croton blanchetianus Baill
and Jatropha mollissima (Pohl) Baill, finding an EC, of
94.0 and 55.0 pg/mL, respectively, these results were lower
comparing to this study. The values of R? of standard,
leaves and barks were 0.935, 0.841 and 0.979, respectively,
indicating the existence of a strong, linear and positive
relationship between DPPH concentration and activity in
leaves and bark extract and extract respectively.

In Basto (2014) study the elimination activity increased
upon increasing concentrations of Croton nummularius
Baill oil, reaching 76.16% at 5 mg/mL and presenting
a calculated EC,; value of 62.52 mg/mL, these results
were higher than in the present study. The elimination
activity of peroxide radicals of C. nummularius’ essential
oil increased in a dose-dependent manner. The essential
oil extracted from the species of Croton tetradenius Baillon
showed an EC,; value corresponding to 2.49 mg.mL",
R?0.9991). The BHT positive control showed an EC, value
corresponding to 0.61 mg.mL",R?0.9776 (Fernandes, 2016).

3.3. Phenolics compounds determination

After statistical processing in a Microsoft Excell®
program, the line equation and the R? determination
coefficient higher than 0.9 were determined as the gallic
acid calibration curve. Through the interpolation of the
absorbances, of the sample, on the calibration curve it
was possible to determine the content of total phenolic
compounds found in the research, which was 946.06 mg
EAG/g sample, which proves the result presented by
the phytochemical and antioxidant study. The phenolic
compounds were determined with the Folin-Ciocalteau
phenol reagent and the total phenol content was
determined for plant species using the same methodology.
The species C. roxyburgii studied by Rath et al. (2011)
presented contents of 2.3 and 0.3 mg of gallic acid/g for
bagasse and concentrated crude extract, respectively). These
results had a lower concentration than those presented
by the ethanolic extract of this research. For Silva et al.
(2012), the concentration of total phenols, demonstrated a
significant result, measured in mg of gallic acid equivalent
per gram of sample with 323.95 having +/- 1.36 standard
deviation, whereas in Kanumfre et al. (2017) the value
obtained for the species Croton antisyphiliticus Martius
was 113.9 * 1.49 (mg EAG/g), both respectively lower
than the present study. In studies on plant extracts, there
are statistical correlations between the content of total
polyphenols measured by the Folin-Ciocalteu method
and antioxidant activity determined by the DPPH test,
showing the importance of these secondary metabolites
for antioxidant activity (Gontijo et al., 2014).

3.4. Quantitative determination of flavonoids

After statistical treatment in the Microsoft Excel®
program, the line equation and the determination
coefficient (R?) greater than 0.9 for the quercetin calibration
curve was determined. Through the line equation it was
possible to determine the value of total flavonoids in the
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sample, of 58.11 equivalents of quercetin/g of the sample,
presented a superior result when compared to the species
Euphorbia drummondii Boiss (0.51 + 0.12 mg ECAT/g) for
the crude ethanolic extract (Gulati et al., 2012).

The result is also superior to that found in the ethanol
extract from the bark of the species Croton argyrophyllus
Kunth, which had a total flavonoid content of the extract
of 1467 * 264ug equivalent in quercetin/g of the sample
(Costa et al., 2017). Kanumfre et al. (2017) found results
of 22.6 £ 0.74 equivalents of quercetin from the sample of
Croton antisyphiliticus Martius finding values lower than
the ones from this study. Using the aluminum chloride
method, after reading the absorbances, the values were
interpolated against the calibration curve in Microsoft
Office Excel®, to determine the equation of the line, the
coefficient of determination (R?) which was 0.995 for the
calibration of quercetin.

3.5. ABTS free radical capture test [2,2-azino-bis
(3-ethylbenzotazolin) -6-sulfonic]

In the study by Aratjo et al. (2014) the antioxidant
capacity of the Euphorbia tirucalli L’s dry extract was
evaluated using the ABTS method and detected a value
of Trolox Equivalent Antioxidant Capacity (TEAC) in a
sample of 718 uM Trolox/g (Table 3), these values were
lower than those found in C. argyrophylloides expressed in
219716.66 pMol Trolox/ g. While Rockenbach et al. (2007),
when evaluating the ethanol extract of Vitis vinifera, it
identified 477 uM Trolox/g antioxidant activity and Silva
(2017) obtained 1704 uM Trolox/g in the hydroalcoholic
extract of the mountain guava leaf. In view of the results
described in the literature, it is evident that the evaluated
extract, in the present work, showed greater efficiency in
the capture of the ABTS cation.

3.6. Ferric reducing antioxidant power — FRAP

The result of antioxidant activity by iron reducing was
calculated from the straight line equation obtained by the
standard trolox curve, whose R? was also greater than 0.9.
From the equation of the straight line obtained in the
graph of the standard curve with a correlation coefficient
of 0.99, it was possible to quantify the concentration of
Fe?* present in solution. For the FRAP methodology, the
Trolox values were applied to the equation of the line to
obtain the R?, which was 0.99. The result obtained from the
FRAP method, presented a value of 15294.44 uM Trolox/g
of the sample (Table 3).

The result of the quantitative evaluation of the
antioxidant activity of Croton argyrophyllus Kunth extract,
performed by Costa et al. (2017) by the FRAP method was
167.87 £2.88 uM Trolox/g of the sample. Janior et al. (2016),

Table 3. Evaluation of antioxidant activity through FRAP and ABTS
of leaves Croton argyrophylloides Muell. Arg.

Concentrations
tested (mg/mL) FRAP ABTS
15294,44 uM 219716.66 pM
2 mg/mL Trolox/g Trolox/g
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detected the capacity of Croton campestris A. St. Hill the
value of the iron reduction potential of the extract was
131 uM Fe 11/0.1g.

According to Oliveira (2015) in order to characterize a
compound as an antioxidant, such activity should not be
based on a single methodology, requiring the application
of other methods, such as FRAP (Ferric Reducing Ability of
Plasma). Thus, the evaluation of the antioxidant activity
of the extract was also made by the FRAP method, with
the antioxidant capacity being measured through the
emergence of a dark blue color in the solutions, produced
after the reduction of the iron Fe ** to Fe *?, due to the
presence of antioxidant compounds in the evaluated
samples. Therefore, the higher the antioxidant potential
of the compounds present in the samples, the higher the
production of Fe *? ions in the solution.

3.7. Antibacterial evaluation

According to the results found, the extract behaves
differently upon the tested microorganisms. The activity
of the crude extract towards the strain of S. aureus ATCC
25923 presented growth inhibition halos of 10 and 12 mm
in diameter, in which one of the halos did not grow, and
there was no activity towards the E. coli ATCC 25922 and
P. aeruginosa ATCC 27853, with no halos formed.

Antibacterial analysis of the species Euphorbia
macroclada, Euphorbia denticulata and Euphorbia virgata
(family Euphorbiaceae) showed that the extracts of E.
macroclada have antibacterial activity as 8-23 mm zone of
inhibition against the tested microorganisms, this extract
demonstrated the highest flavonoid content and all tested
showed a very high antioxidant activity. Different from what
was observed in our study, the extract of E. denticulata did
not show any activity against E. coli. extract of E. cheiradenia
showed inhibitory effect against the test microorganisms
(8-13 and 9-14 mm inhibition zone) (Kirbag et al., 2013).
The mentioned researchers claimed that sensitivity of
microorganism to chemoterapeutic compounds can change
even against different strains. The antimicrobial activities
of different Euphorbia species are changeable according to
other research findings (Sudhakar et al., 2006; Ogbulie et al.,
2007; Barla et al., 2007). Further research is necessary to
determine the identitity of the antibacterial compounds
isolated from C. argyrophylloides and also to determine
their full spectrum of efficacy (Parekh and Chanda, 2007).

The presence of activity on Gram positive bacteria
(S. aureus) extract and absence of activity on Gram
negative bacteria (E. coli and P. aeruginosa) is in accordance
with current scientific knowledge, which report higher
sensitivity of the first one concerning plant metabolites
(Ferreira et al., 2010). The double membrane presented
by many Gram-negative bacteria throughout the bodys;
lower risk of side effects, due to the low concentrations
in which the active ingredients are present in plants,
not considering dose-time correlations; lower research
costs when compared to the development of a new drug
(Yunes et al., 2001).

This research revealed several secondary metabolites
present in the species. These groups of compounds may
be responsible for many of the reported therapeutic
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properties attributed to the plant. The ethanolic extract
of the leaves of C. argyrophylloides showed an efficient
antioxidant activity through the DPPH tests, in addition
to demonstrating a significant result of the content of
phenolic compounds and the content of total flavonoids.
The significant antioxidant activity exhibited by the species
C. argyrophylloides explains the higher concentration
of phenolic substances, among them the flavonoids,
known for their efficient free radical scavenging action.
This makes it a promising species in the development of
research aimed at preventing diseases related to oxidative
stress. The inhibitory activity of this plant could be due to
presence of polyphenols and flavonoids in large quantity,
which have been widely reported as antimicrobial agentes
(Coppo and Marchese, 2014).

The results showed the importance of evaluating an
antioxidant activity by different methods, as it is not
possible to state which methodology is better applicable
than the other, since they all have their own characteristics
that are related, enabling a broader assessment of the
samples when conjunctly done. It is also noteworthy that
the present study identified an expressive antioxidant
potential in the leaves of the vegetable, an analysis that
may serve as a basis for future studies that seek new
natural sources of compounds with this property. Finally,
the results obtained in the antibacterial activity tests
showed that C. argyrophylloides exhibited activity in vitro
upon the strain of S. aureus ATCC 25923. The other strains
P. aeruginosa ATCC 27853 and E. coli ATCC 25922 did not
exhibit the studied antimicrobial activity upon the extract.
In similar studies, the extract of various plants inhibited
the growth of some microorganisms at different rations.
Different plants possess different constituents in different
concentrations, which account for differential antimicrobial
effect as also suggested (Alonso et al., 2020; Yihune and
Yemata, 2019; Bereksi et al., 2018).

4. Conclusion

It is evident from the present study that the C.
argyrophylloides extract could be utilized as a good natural
source of antioxidants and a possible food supplement
or as an antimicrobial agent in pharmaceutical industry.
The present study of in vitro antimicrobial evaluation C.
argyrophylloides forms a primary platform for further
pharmacological studies to discover new antibiotic drugs.
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