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Abstract: The use of medicinal plants is an 
ancient practice for the treatment of diseases 
and, increasingly, they have been used by 
modern society, as it is an easily accessible 
therapy, has lower costs when compared 
to the acquisition of allopathic medicines 
and presents an idea of less aggression to 
the organism. Cordia verbenacea belongs to 
the Boraginaceae family, popularly known 
as erva baleeira, catinga de barão, balieira 
cambará, erva preta, maria milagrosa, maria 
preta. It is a native species of Brazil, widely 
distributed throughout the Brazilian territory. 
In ethnopharmacology, this plant is popularly 
used as an anti-inflammatory, analgesic and 
antiulcerogenic in the form of tea or infusions, 
while alcoholic extracts and decoctions for 
rheumatism, rheumatoid arthritis, gout, 
muscle pain, for topical or internal use. 
Considering that the extracting solvent can 
influence the chemical composition and, 
consequently, the biological activity, this 
study aimed to evaluate the cytotoxicity, 
antioxidant action and the presence of some 
phytochemical constituents in the aqueous and 
ethanolic extracts of C. verbenacea. The results 
of phytochemical characterization showed 
that the aqueous extract had higher phenolic 
and flavonols/flavones content compared to 
the ethanolic extract, which exhibited higher 
amounts of flavanones. Alkaloids were not 
identified in the evaluated preparations. Both 
extracts showed an antioxidant effect, and 
the ethanolic extract showed better ability to 
scavenger nitric oxide. The results showed 
that the ethanol extract, even with antioxidant 
capacity, induced a significant reduction in 
cell viability (concentrations > 0.125 mg/
mL), while in the aqueous preparation such 
effects were verified from 0.5 mg/mL. The 
greater toxicity exhibited by the ethanol 
extract may be related to the presence of more 
hydrophobic constituents than those found in 
the aqueous extract. In view of these results, it 

is extremely important to consider the method 
of preparation of extracts obtained from 
Cordia verbenacea, since it induces variations 
in the phytochemical composition and exerts 
an influence on biological and toxicological 
effects.
Keywords: Cordia verbenacea; phenolic 
content; antioxidant; cytotoxicity.

INTRODUCTION
The use of medicinal plants is an ancient 

practice, and they are increasingly being 
used by modern society, not only for their 
therapeutic properties, but also for being low 
cost. This is associated with the difficulties 
encountered in the acquisition of allopathic 
medicines and the deficiency of primary 
health care (SANTOS et al., 2017).

The diversity and richness of bioactive 
compounds found in medicinal plants 
has motivated researchers to study plants 
for therapeutic purposes (SIMÕES et al., 
2017). Thus, Brazil, one of the greatest plant 
biodiversity, constitutes a relevant field for the 
development of such studies.

Among the plant species of interest 
for the development of phytotherapics 
is Cordia verbenacea, belonging to the 
Boraginaceae family (MS, 2014, 2017). 
This species is popularly known as cordia, 
erva baleeira, camarinha, catinga-de-barão, 
balieira cambará, maria preta, salicinia, 
catinga-preta, maria rezadeira, camarinha, 
camaramoneira-do-brejo. It is a species native 
to Brazil, widely distributed throughout 
the Brazilian territory, from Ceará to Rio 
Grande do Sul (TAYLOR, 2005; LORENZI; 
MATOS, 2008). In ethnopharmacology, in 
the form of tea or infusions, this species 
is used as anti-inflammatory, analgesic 
and anti-ulcer (VENTRELLA et al., 2008; 
LORENZI; MATOS, 2008), alcoholic extracts 
and decoctions are used in the treatment of 
arthritis, rheumatism, gout, muscle pain, 
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for topical or internal use (PASSOS et al., 
2007). Some studies have reported its use 
in diseases such as prostatitis, neuralgia, 
bruises, in addition to being used as a tonic 
(LORENZI; MATOS, 2008; VENTRELLA et 
al., 2008). The anti-inflammatory, anti-ulcer, 
antimicrobial and photoprotective effects 
of different preparations of C. verbenacea 
have been scientifically proven (SERTIÉ et 
al., 2005; PASSOS et al., 2007; PEREIRA 
et al., 2021; MELO et al., 2021) Currently, 
this medicinal plant is marketed for topical 
use, whose anti-inflammatory properties 
are related to the presence of α-humulene 
and trans-caryophyllene, extracted from the 
essential oil of C. verbenacea, although other 
studies indicate that artemetin has anti-
inflammatory action, capable of inhibiting 
and/or reducing the synthesis and recruitment 
of inflammation mediators (SERTIÉ et al., 
1990; VAZ et al., 2006; COUTINHO et al., 
2009). Phytochemical components such 
as flavonoids, terpenes and tannins have 
also been identified in preparations of C. 
verbenacea (GILBERT; FAVORETO, 2012; 
PINTO et al., 2009).

Part of these substances are polyphenols, 
which are capable of modulating inflammatory 
processes and their bioactivity may be related 
to their antioxidant potential. Antioxidant 
substances have the ability to interact with 
reactive species from our metabolism and 
transform them into stable non-reactive 
species before they attack cells, causing 
lesions and triggering other diseases related to 
oxidative stress (SILVA et al., 2018; ZANCO 
et al., 2017). Oxidative stress results from 
the loss of balance between the production 
and degradation of reactive species, causing 
the accumulation of free radicals in the 
intracellular environment, culminating in the 
loss of cellular function. Currently, it is known 
that oxidative stress is related to inflammatory 
events (PIZZINO et al., 2017). Thus, research 

about the antioxidant properties of natural 
products has been developed to minimize 
the deleterious effects of reactive oxygen and 
nitrogen species in the body.

The nitric oxide radical is an endogenous 
molecule of great importance in physiological 
processes, but in excess it contributes to 
the triggering of oxidative stress, leading 
to the loss of homeostasis. It is related to 
several pathological processes, including 
inflammatory processes and induced toxicity 
(ADEGBOLA et al., 2017; FÖRSTERMANN 
et al., 2017; MITTAL et al., 2014; SILVA, 
DELGADO, 2020). Thus, the search for 
natural substances capable of scavenging free 
radicals can be of great value in the therapeutic 
field, helping to reduce the toxicity caused 
by reactive species, acting as a modulator of 
inflammatory processes (MAIA et al., 2010).

Due to the interest in the study regarding 
the bioactivity of products of plant origin and 
the use of tea and ethanolic extract of Cordia 
verbenacea by the population in the treatment 
of different diseases, it is important to evaluate 
biological activities, including cytotoxic 
activity and the antioxidant potential of 
Cordia. Considering that the extracting 
solvent can influence the phytochemical 
composition and, consequently, the biological 
activity, this study aims to evaluate the 
cytotoxicity, antioxidant action and verify the 
presence of some phytochemical constituents 
in the aqueous and ethanolic extracts of 
C. verbenacea, aiming at the possibility of 
developing simple therapeutic alternatives to 
minimize the damage caused by free radicals 
in co-morbidities associated with oxidative 
stress.

MATERIALS AND METHODS
PREPARATION OF EXTRACTS
The C. verbenacea (aerial parts) was 

acquired commercially and presented a 
quality control report, guaranteeing the 
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botanical identity and analysis of the micro 
and macroscopic aspects of the plant.

The aqueous extract was prepared 
according to the guidelines described in 
the Phytotherapic Form of the Brazilian 
Pharmacopoeia (ANVISA, 2011). The 
vegetable material was infused in water 
(10 g/L) for 10 minutes. Subsequently, the 
solution was filtered and lyophilized. For 
the preparation of the ethanolic extract, 
the vegetable material was subjected to the 
process of maceration in absolute ethanol 
(100 g/L), at room temperature, for one week. 
After this period, the mixture was filtered and 
subjected to solvent evaporation. This process 
was repeated at least three times.

PHYTOCHEMICAL CONSTITUENTS
Quantification of total phenols
The quantification of phenolic compounds 

in the extracts was performed using the 
modified Folin Ciocalteu method. (ROESLER 
et al., 2007). The total phenols content was 
determined by interpolation of the absorbance 
of the samples against a calibration curve 
constructed with gallic acid standards. The 
analyzes were performed in triplicate and 
the results expressed in GAE (gallic acid 
equivalent).

Determination of flavonoids
The determination of flavonols and 

flavones present in the extracts was performed 
using a colorimetric method using aluminum 
chloride. The content of flavonols and 
flavones was determined by interpolation 
of the absorbance of the samples against a 
calibration curve constructed with different 
concentrations of quercetin. Analyzes were 
performed in triplicate and results expressed 
as QE (quercetin equivalent) (CHANG et al., 
2002). The determination of flavanones present 
in the extracts was performed according to 
the methodology described by Chang et al. 

(2002) which consists of the reaction of the 
ketone and aldehyde groups of the flavonoid 
with 2,4-dinitrophenylhydrazine, forming 
the product 2,4-dinitrophenylhydrazone. 
The flavanone content was determined by 
interpolation of the absorbance of the samples 
against a calibration curve constructed with 
different concentrations of naringin. Analyzes 
were performed in triplicate.

Qualitative test for alkaloid identification
The identification of alkaloids in the 

preparations of C. verbenacea was performed 
using the methodology described by Costa 
(2002), which uses the reagents of Mayer, 
Bertrand, Dragendorf and Wagner. A solution 
of pilocarpine, a natural alkaloid, was used as 
a positive reaction control.

IN VITRO ANTIOXIDANT ACTIVITY
DPPH test (1,1-diphenyl-2-
picrylhydrazyl)
The antioxidant activity of the extracts 

was determined by a spectrophotometric 
technique, which uses the free radical DPPH. 
The percentage of antioxidant activity (%AA) 
was determined through the equation: %AA= 
{(A0 –A)/A0} x 100; where A0 is the absorbance 
of the DPPH without the test substance and 
A refers to the absorbance verified with the 
addition of the test sample. The experiments 
were carried out in triplicate and accompanied 
by a control antioxidant substance (gallic acid) 
(MENSOR et al., 2001).

Nitric oxide scavenger
The nitric oxide scavenger was evaluated 

using the sodium nitroprusside (NPS) 
technique, followed by the Griess method 
(TSIKAS, 2007). The experiments were 
carried out in triplicate and accompanied by a 
control substance (gallic acid). The percentage 
of nitric oxide scavenging was calculated as 
described in item 2.3.1.
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IN VITRO CYTOTOXIC ACTIVITY
McCoy cells (approximately 105 cells/mL) 

were inoculated into microplates (96 wells) 
and treated with different concentrations 
of aqueous and ethanolic extracts. After 
incubation for 24 hours, cell viability 
was evaluated by the Neutral Red test 
(BORENFREUD; PUERNER, 1985). The tests 
were accompanied by control growth (cells 
treated only with culture medium), performed 
in triplicate and repeated at least 3 times. The 
results were expressed as percentage of cell 
viability in relation to the control.

STATISTICAL ANALYSIS  
The results of the experiments were 

presented as mean ± standard deviation. In 
order to verify significant differences between 
the extracts and concentrations evaluated, 
statistical analysis of variance was performed, 
followed by Tukey‘s test. The confidence 
interval was 95% (α=0.05) (LAPPONI, 2013).

RESULTS
PHYTOCHEMICAL SCREENING
The results showed that the aqueous 

extract presented a phenolic content 
higher than the ethanolic content, in all 
the concentrations evaluated, and these 
differences were significant (Table 1). The 
quantification of flavonols and flavones in 
the evaluated extracts was only possible at a 
concentration of 1 mg/mL, not being detected 
at lower concentrations. The aqueous extract 
showed significantly higher amounts of 
flavonols and flavone (0.030 + 0.012 mg 
QE/extract concentration) compared to the 
ethanolic extract (0.009 + 0.001 mg QE/
extract concentration). A greater content 
of flavanones was observed in the ethanolic 
extract in relation to the aqueous extract, with 
a significant difference only in the highest 
concentration evaluated (Table 2). Through 
the technique used, alkaloids were not 

detected in the phytochemical preparations of 
C. verbenacea.

Total phenols content (mg GAE/extract concentration)

Extract (mg/mL) Aqueous extract Ethanolic extract

1 0.138 + 0.018 0.075 + 0.009*

0.5 0.064 + 0.015 0.030 + 0.004*

0.25 0.034 + 0.008 0.011 + 0.000*

GAE: Gallic acid equivalent; *p < 0.05.

Table 1 - Content of total phenols present in aqueous 
and ethanolic extracts of Cordia verbenacea. Results 

expressed as mean ± standard deviation.

Flavanone content (mg NE/extract concentration)

Extract (mg/mL) Aqueous extract Ethanolic extract

1 0.222 + 0.010 0.923 + 0.014*

0.5 0.105 + 0.038 0.238 + 0.022

0.25 0.071 + 0.001 0.106 + 0.031

NE: Naringin equivalent; *p < 0.05 in relation to 
the same concentration of aqueous extract.

Table 2 - Flavanone content present in aqueous and 
ethanolic extracts of Cordia verbenacea. Results 

expressed as mean ± standard deviation.

IN VITRO ANTIOXIDANT ACTIVITY
Antioxidant potential
The aqueous extract showed an 

antioxidant activity of approximately 70% at 
all concentrations evaluated, while the results 
verified for the ethanolic extract showed that 
its antioxidant capacity is directly proportional 
to the concentration of the extract (Table 3). 
The results of the activity in the scavenger 
of nitric oxide by the aqueous and ethanolic 
extract of C. verbenacea are shown in Table 
3 and demonstrate that the ethanolic extract 
has a greater capacity to scavenger nitric oxide 
than the aqueous extract. At concentrations ≤ 
0.5 mg/mL both have demonstrated the same 
antioxidant action.
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IN VITRO CYTOTOXIC ACTIVITY
The effects of different concentrations of 

aqueous and ethanolic extracts C. verbenacea 
on the viability of McCoy cells are shown in 
Table 4. The results showed that both extracts 
cause a dose-dependent reduction in viability, 
showing that the ethanolic extract has greater 
cytotoxicity when compared to the aqueous 
extract.

Cell viability (%)

Extract (mg/mL) Aqueous extract Ethanolic extract

1 52.29 + 1.50 # 43.85 + 3.91* #

0.5 64.41 + 7.22 # 49.71 + 6.16* #

0.25 83.98 + 0.02 79.16 + 16.51* #

0.125 88.86 + 15.14 75.54 + 5.19 #

0.0625 89.58 + 15.97 94.11 + 1.22

0 94.99 + 6.45 94.99 + 6.45

* p < 0.05 in relation to the same concentration of 
the aqueous extract.
# p < 0.05 against negative control (zero 
concentration).

Table 4 - In vitro effect of aqueous and ethanolic 
extract of Cordia verbenacea on McCoy cell viability

DISCUSSION
Medicinal plants have been the subject of 

great scientific interest due to the search for 
new prototypes with medicinal properties. 

This therapeutic character usually comes 
from bioactive principles from the secondary 
metabolism of plants, which may have 
isolated, antagonistic or synergistic action 
(SCHAFRANSKI et al., 2019).

One of the most used forms of medicinal 
plants by ethnopharmacology is the 
administration of infusions from leaves 
or aerial parts of the plant or through the 
decoction of bark, twigs and roots. On the 
other hand, much of the scientific research 
employs the process of maceration in organic 
solvents to extract active principles, differences 
that promote changes in the phytochemical 
content obtained and, consequently, cause 
variations in the pharmacological and 
toxicological effects (FIRMINO; MIRANDA, 
2015). In addition, many studies were carried 
out with species cultivated in other countries, 
a fact that compromises the validation of the 
pharmacological effects of Brazilian plants, 
since the chemical composition of the plant 
is dependent on climatic, environmental, 
seasonal conditions, cultivation conditions 
(soil, water, minerals, fertilizers, among 
others), storage and the part of the plant used 
(JAYASEKERA et al., 2011; SCOTTI et al., 
2007).

Research on the phytochemical 
characterization of C. verbenacea leaves 
indicated the presence of phenolic compounds, 

Antioxidant activity

DPPH reduction (%) Nitric oxide scavenging (%)

Extract (mg/mL) Aqueous extract Ethanolic extract Aqueous extract Ethanolic extract

2 68.24 + 2.11 87.91 + 2.43* 55.98 + 3.97 78.98 + 2.55 #

1 70.48 + 1.11 84.39 + 0.23* 55.83 + 3.63 70.30 + 6.26 #

0.5 74.43 + 2.10 58.00 + 3.59* 57.16 + 0.34 58.88 + 7.18

0.25 75.81 + 4.09 34.21 + 6.57* 52.33 + 0.25 53.24 + 0.17

*, # p < 0.05 in relation to the same concentration of aqueous extract

Table 3 – Antioxidant activity of different concentrations of aqueous and ethanolic extract of C. verbenacea. 
Results expressed as mean ± standard deviation.



7
International Journal of Health Science ISSN 2764-0159 DOI 10.22533/at.ed.1592412225073

flavonoids (flavonols, flavones, flavanones), 
xanthones, steroids, saponins, fatty acids, 
essential oil and alkaloids (ROLDÃO et 
al., 2008; PEREIRA, 2013; ALVES et al., 
2015). Although authors have reported the 
existence of alkaloids in the preparations of C. 
verbenacea, such a phytochemical group in the 
aqueous and ethanolic extracts of the aerial 
parts of the species has not been identified. 
Alves et al. (2015) also did not identify 
this group of substances in the methanolic 
extract fraction of Cordia leaves. Due to 
these variations in the chemical composition 
of extracts, their phytochemical analysis is 
necessary and must be performed to validate 
the verified biological activities.

Many of the therapeutic properties of 
medicinal plants result from the presence 
of phenolic compounds, a heterogeneous 
chemical group characterized by having at 
least one aromatic ring in which at least one 
hydrogen is replaced by a hydroxyl group 
(SIMÕES et al., 2017). These substances can be 
extracted by methods of infusion, decoction 
and maceration in water or organic solvents 
(CASTRO-MUÑOZ et al., 2016; VERRUCK 
et al., 2018).

Studies report that extracts that use water 
as an extractant liquid are very effective 
methods for obtaining phenolic compounds 
(KO et al., 2014; RODRIGUES, 2015). Santi et 
al. (2014) performed phytochemical analysis 
of different preparations of C. verbenacea 
leaves and found that the extract obtained 
by the infusion method had a higher content 
of total phenols compared to the ethanolic 
extract. These data corroborate the results of 
this study since a higher phenolic content was 
also observed in the aqueous extract.

Flavonols, flavones and flavanones 
were detected in the studied extracts. The 
aqueous extract had the highest content of 
flavonols, flavones and the ethanolic extract 
had the highest content of flavanones. 

Ameira et al., 2009 identified the isoflavones 
7 , 4 ’ - d i hy d rox y - 5 ’ - c ar b ox y m e t h ox y -
isoflavone and 7,4’-dihydroxy-5’-methyl-
isoflavone in the fraction of the methanolic 
extract of leaves of C. verbenaceae, while in 
the hydroalcoholic extract of branches and 
leaves, the flavone artemetin (5-hydroxy-
3,6,7,3’,4’-pentamethoxyflavone) was 
identified (BAYEUX et al., 2002; SERTIÉ et 
al., 1990). Other phytochemical compounds 
such as rosmarinic acid, caffeic acid, gallic 
acid and chlorogenic acid were also found 
in C. verbenacea leaves (TICLI et al., 2005; 
MATIAS et al., 2013).

The gender Cordia is a promising source 
of secondary metabolites of different classes 
and the phytochemical constituents present 
in various phytotherapeutic preparations have 
been strongly correlated with therapeutic 
effects. Studies carried out in rodents verified 
that the hydroalcoholic and ethanolic extracts 
of C. verbenacea leaves were able to reduce 
inflammation, induce healing and promote 
the protection of the gastric mucosa. The 
methanolic extract was able to inhibit the 
formation of edema in mouse paws and 
these actions were attributed to the presence 
of compounds such as rosmarinic acid, 
flavonoid and the flavone artemetin (SERTIÉ 
et al., 1988).

The antioxidant capacity of flavonoids 
and other phenolic compounds is widely 
known (POPESCU et al., 2016). The results 
of this study showed that both aqueous and 
ethanolic extracts have antioxidant capacity, 
which may be due to the presence of these 
phytochemical constituents. The evaluation 
of the antioxidant activity of the infusion and 
the ethanolic extract of C. verbenacea leaves, 
carried out by Santi et al. (2014), showed 
that the ethanolic preparation has greater 
antioxidant capacity than the infusion, even 
with a lower phenolic content, however, it 
had a higher total flavonoid content than 
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that observed in the aqueous preparation. 
Our results also showed that the ethanolic 
extract, which has a lower phenolic amount 
and a higher flavanone content, presented 
a greater capacity in the scavenger of nitric 
oxide when compared to the aqueous extract.

Nitric oxide is a molecule present in several 
physiological mechanisms and essential 
bioregulatory processes, being important for 
the homeostasis of the organism. However, in 
high concentrations it can induce deleterious 
effects to the body (ADEGBOLA et al., 2017; 
FÖRSTERMANN et al., 2017; MITTAL et 
al., 2014; SILVA, DELGADO, 2020).

The results of this work showed that the 
ethanolic extract, even with antioxidant 
capacity, induced a significant reduction in 
cell viability (concentrations > 0.125 mg/
mL), suggesting that other mechanisms 
are involved in cytotoxicity. The aqueous 
preparation showed lower toxicity compared 
to the ethanolic extract and this result may 
be related to the hydrophilic and lipophilic 
characteristics of the phytochemical 
constituents present in each extract. 
According to Woerdenbag et al. (1986), 
cytotoxicity increases with decreasing 
hydrophilicity, facilitating the penetration 
of molecules through the cytoplasmic 
membrane into the cell interior. Thus, 
considering that the process of infusion in 
water promotes obtaining more hydrophilic 
substances, the degree of water solubility and 
lipophilicity of the extracts may be directly 
related to the cytotoxicity exerted by extracts.

Other studies have also demonstrated the 
toxic effect of C. verbenacea preparations. 
Kviecinski et al. (2010) found that the 
supercritical extract of C. verbenacea 
induced cytotoxicity and apoptosis of Ehrlich 
carcinoma cells, showing an anticarcinogenic 
potential. Oliveira et al. (2010) showed that 
the ethanolic extract has high toxicity in 
bioassays performed with Artemia salina. 

Pereira et al. (2021) reported the strong 
cytotoxic effect of C. verbenacea essential oil 
on mammalian fibroblasts.

In view of the results this study, it is 
extremely important to consider the method 
of preparation of extracts obtained from C. 
verbenacea, since it induces variations in 
the phytochemical composition and exerts 
influence on biological and toxicological 
effects.
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