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INTRODUCTION

Hymenaea is a legume typical of the Brazilian 
cerrado, also known as “jutaí” or “jatobá of the 
cerrado” (Silva et al., 2019; Veras et al., 2020). An 

ethnopharmacological study indicated that this plant is 
culturally consumed in South America and Asia, and 
stem bark infusions are used for medicinal purposes for 
anemia, retinopathy, sore and respiratory throat (Rocha 
et al., 2018, Silva et al., 2019), pain and inflammation 
(Pacheco et al., 2021a).

Dias, Luzia, Jorge (2013) were one of the first to 
observe that its fruit pulp is rich in minerals, fibers, 
oils and flavonoids. Its rich nutritional composition 
and health benefits have already been confirmed in a 
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systematic review (Jacob, Medeiros, Albuquerque, 
2020). Furthermore, antioxidant and anti-inflammatory 
effects of the Hymenaea courbaril species have also 
been shown due to their ability to sequester 2, 2-dipheny 
l-1-pyrrolhydrazyl (DPPH) radicals, and from the 
presence of phenolic compounds and linolenic fatty 
acid (Jacob, Medeiros, Albuquerque, 2020; Pacheco 
et al., 2021b). These characteristics allowed us to raise 
the hypothesis that Hymenaea could be an interesting 
pharmacological target to develop compounds with 
vasorelaxant activity. In fact, antioxidant compounds 
have been demonstrated as presenting vasorelaxant 
and hypotensive activities (Estrada-Soto et al., 2021; 
Parsamanesh et al., 2021; Arias-Durán et al., 2021). 
Similar results have been demonstrated for in natura 
foods rich in phenolic compounds as grapes (Yang et al., 
2022), strawberries (Ariza et al., 2016) and blueberries 
(Grace et al., 2014). Hymenaea showed similar total 
phenolic concentrations to some grape varieties with 
higher antioxidant capacity (Lutz et al., 2011; Yang  
et al., 2022).

Despite this possibility, the vascular relaxing 
capacity of Hymenaea has not yet been tested. In this 
perspective, the objective of this study was to quantify 
the total phenolic compound content and the antioxidant 
capacity of Hymenaea rubriflora Ducke (HR-Hac) 
hydroalcoholic stem bark extract, evaluate the in vitro 
relaxing action of this extract on aortic rings of Wistar 
rats and to verify the effects of an oral treatment on aortic 
reactivity to relaxing and contractile agents.

MATERIAL AND METHODS

Preparation of the Hymenaea rubriflora Ducke stem 
bark extract

The Hymenaea rubrif lora Ducke specie was 
collected in the north-eastern region of Brazil and 
underwent botanical identification of the species by a 
specialist. An exsicata of the plant was deposited in the 
Herbarium Profº. Lauro Pires Xavier (JPB)/UFPB under 
the identification code JPB no. 61262. The stem bark 
was previously heated in an oven at 50°C. Afterwards, it 
was subjected to a crushing process using a commercial 

mixer, followed by porcelain trituration to obtain a final 
product with 20g of homogeneous particles. The samples 
were then extracted using a mixture of ethanolic water 
(1:1) with a frequency of 42kHz for 2h as the solvent, the 
ratio of powder to solvent volume being 5% (m:v), with 
a yield of 25% (Bezerra et al., 2013).

After the extraction period, the material was vacuum 
filtered on standard filter paper to remove the particulate 
material, leaving the filtrate with extractive solution 
according to the methodology used by Bezerra et al. 
(2013). The extractive solution was heated to 45°C until 
the volume was reduced to half the initial extraction 
mixture to obtain the dried extract. Then, the ethanol-
free extract was frozen at -80°C for 24h and subsequently 
lyophilized at 0.024mBar for 24h. The dry extract was 
obtained as hydroalcoholic extract from the Hymenaea 
rubriflora D (HR-HAc) stem bark. The extract was then 
stored at -20°C until use in the experiments. A patent 
application was made for this extracted through the 

process BR 10 2018 011081 0.

Determination of total phenolic content and 
antioxidant activity of HR-HAc

The total phenolic content was determined by 
colorimetric method using the Folin-Ciocalteau reagent 
(Singleton, Rossi, 1965). The substrate was read at 760nm 
in a Shimadzu UV-2550 UV-Vis spectrophotometer. The 
results were expressed as milligram equivalents of gallic 
acid (GAE) per gram of extract (GAE/g). The antioxidant 
activity was determined using the methodology described 
by Brand-Williams, Cuvelier, Berset (1995) through 
the ability of the antioxidants present in the sample to 
sequester the stable radical DPPH. The results were 
expressed in mmol of Trolox per gram of the dried extract 
(mmol Trolox/g extract).

Animals and ethical aspects

The animals used for the study were male Wistar 
rats (Rattus norvegicus), aged 16 weeks, weighing 
between 250 and 300g, from Prof. Thomas George 
from the Institute for Research on Drugs and Medicines 
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(IPeFarM) at UFPB. The rats were kept in cages with two 
each, provided a balanced diet ad libitum based on chow 
(Presence®), free access to water, with controlled and 
constant ventilation and temperature (21±1°C), submitted 
daily to a 12-hour light-dark cycle, with the light period 
being from 6am to 6pm.

All experimental procedures were performed 
following the principles of animal care Guidelines 
for ethical animal use (Sherwin et al., 2003), and the 
research project was previously approved by the Ethics 
Committee in the Use of Animals at IPerFarM under 
CEUA certificate no. 010/15.

Substances and reagents

The Krebs solution had the following composition: 
118.0mM NaCl, 4.6mM KCl, 2.5mM CaCl2, 5.7mM 
MgSO4, 1.1mM KH2PO4, 25.0mM NaHCO3 and 11.0mM 
glucose. Phenylephrine (Phe), acetylcholine (ACh), 
sodium nitroprusside (SNP), Nω-Nitro-L-arginine methyl 
ester hydrochloride (L-NAME) and indomethacin were 
purchased from Sigma Aldrich (São Paulo, Brazil). These 
substances were dissolved and diluted in distilled water 
to obtain their stock solutions (10-2M), which were 

maintained at -20°C.

Acute toxicity

A single dose of 2000 mg/kg of HR-HAc was 
administered per gavage in six rats, followed by monitoring 
them for 14 days for observation of death, aggressiveness, 
posture, reaction to manipulation, movements, external 
appearance, respiration and movement reluctance. The 
treatment dose and period for assessing acute toxicity 
followed the methodology described by the Organization 
for Economic Cooperation and Development (OECD) no. 
423/2001 (OECD, 2001), which proposes a guideline for 
toxicity testing of chemical products.

Oral treatment with HR

A total of 32 rats were supplemented by gavage 
during four weeks, according to Bezerra et al. (2013). 

The rats were randomly divided into four experimental 
groups (8 rats/group): G25 (25 mg/kg HR-HAc extract), 
G50 (50 mg/kg HR-HAc extract), G100 (100 mg/kg 
extract HR-HAc) and CG (control group, saline). At the 
end of the treatment period, the rats were euthanized 
with a guillotine and vascular reactivity tests  
were performed.

Preparation of aortic rings for reactivity

The thoracic aorta was isolated by laparoscopy, 
immersed in Krebs solution and gasified with 
carbogenic mixture (5% CO2 in O2) adjusting the pH 
to 7.4 and temperature of 37°C. The aortic rings (2-3 
mm) were exposed to a stabilization period of 60min 
with a resting tension of 2g. During stabilization, the 
solution was changed every 15min. After stabilization, 
a contraction was induced with Phe (3 x 10 -7 M) 
and after the contraction tonic phase, ACh (10-6 M) 
was added to verify the integrity of the endothelium 
(Furchgott, Zawadki, 1980). The vascular endothelium 
was considered intact when a relaxation equal or greater 
than 50% was observed (Ajay, Gilani, Mustafa, 2003). 
Some rings had the endothelium mechanically removed; 
success was considered by the absence of relaxation 
induced by ACh or relaxation of less than 10%. The 
isometric contractions were recorded in isometric force 
transducers (model TIM-05) coupled to an amplifier 
model AECAD04F with a BT-60 thermostatic pump 
system that controlled the temperature of the tanks 
(AVS Projetos, São Paulo, Brazil).

In vitro assay

After stabilization, aortic rings provided and 
deprived of endothelium were pre-contracted with 
Phe (3x10 -7 M). HR-HAc was cumulatively added (0.1 
- 729 μg/mL) in the tonic phase. Other endothelium-
provided rings were pre-incubated with L-NAME (10-4 
M) or indomethacin (10-5 M) for 30 minutes prior to 
pre-contraction with Phe and a subsequent cumulative 
HR-HAc curve was created. Relaxation was expressed 
as the reverse percentage of the initial EC50 contraction, 
expressed as pD2.
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Vascular reactivity after oral treatment

Aortic rings were exposed to pre-contraction with 
Phenylephrine (Phe: 3x107M), followed by cumulative 
relaxation curves to acetylcholine (Ach: 10-11-10-4M) in 
endothelium-provided rings or sodium nitroprusside 
(SNP: 10-14-10-6M) for rings without endothelium. The 
preparations were then washed and after 30 min Nω-
Nitro-L-arginine methyl ester hydrochloride (L-NAME: 
10-4M) was incubated for a period of 30 min and then 
a new concentration-response curve was induced to the 
Phe. The reactivity was evaluated by the maximum effect 
values (Emax) and EC50 (pD2) of the Phe. 

Statistical analysis

Data are expressed as mean and standard error 
of the mean. One-way ANOVA test was used with 
Bonferroni post-test, when necessary, considering 
p<0.05 as statistically significant. The EC50, Emax and 
pD2 values were determined by non-linear regression. 
Statistical analysis was performed using GraphPad 
Prism® 5.01 program (GraphPad Software Inc., San 
Diego, CA, USA).
RESULTS

Antioxidant activity, phenolic composition and 
toxicity of HR-HAc

The antioxidant activity assessment showed 
high capacity in sequestering the stable free radical 

(5076.50μmol Tx/g) and phenolic composition 
(274.63mg ga/g) of HR-HAc extract. The HR-HAc 
toxicity test showed that there were no risks for the 
rats, so the three doses were administered safely, 
since the rats did not show any changes in behavior, 
clinical signs, food and water consumption patterns, 
nor variation in body mass.

In vitro assay

When applied directly to the pre-contracted aortic 
rings with Phe, HR-HAc cumulative doses (0.1 - 729μg/
ml) promoted concentration-dependent relaxation in 
the presence of functional endothelium, as shown in 
Figure 1, panel A. In this same panel it can be noted that 
the absence of functional endothelium reduced Emax 
by 62%, and increased EC50. The relaxation was also 
attenuated in the presence of L-NAME, in rings with 
functional endothelium, as shown in Figure 1, panel B. 
Meanwhile, the presence of indomethacin maintained 
Emax, but significantly decreased EC50 in rings with 
functional endothelium (Figure 1, panel C). Aortic 
responsiveness was reestablished 30 minutes after the 
HR-HAc (data not shown).
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Effect of HC-HAc on vascular reactivity to AcH after 
treatment with HC

As shown in Figure 2, panel A, increased relaxing 
potency for ACh in functional endothelium aorta 
rings of the rats treated with 50 mg/kg and 100 mg/kg 
compared to saline (control) is observed. The relaxing 
potency in rings of rats treated with 25 mg/kg HC-HAc 
was similar to the control group. Increased relaxant 
potency was observed despite the supplementation not 

affecting Emax in any of the treated groups compared 
to the control.

Panel B of Figure 2 shows that cumulative doses 
of SNP resulted in an increase in the relaxing potency 
in all groups when compared to ACh curve. Emax was 
maintained at 100%, with the groups treated with 25 
mg/kg, 50 mg/kg and 100 mg/kg. HC-HAc exhibited 
significantly higher pD2 than the control group and 
rats treated with 100 mg/kg showed significant greater 
relaxing response than other groups.

FIGURE 1 - Vasorelaxant effect of the HR-HAc on aortic rings pre-contracted with phenylephrine (Phe, 3 x 10-7 M), in the 
presence (E+) and absence (E-) of endothelium-intact (panel A), L-NAME (10-4 M, panel B) and indomethacin (10-5 M, panel 
C). Data are mean ± S.E.M. (n=5). * p<0.05 by One-way ANOVA followed by Bonferroni multiple comparisons test vs presence 
of endothelium-intact (E+).
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CONTRACTILE RESPONSE TO PHE IN HC-
TREATED ANIMALS

It is shown in Figure 3 (panel A) that supplementation 
with HR-HAc at the dose of 25mg/kg did not alter the 
contractile potency of the Phe in the aorta in relation 
to control in the presence of functional endothelium, 
however this dose of 25 mg/kg caused an Emax reduction. 
Meanwhile, treatment at doses of 50 mg/kg and 100 mg/
kg, deviated the concentration-response curve to the right 
and reduced the contractile power of the Phe.

The contractile potency for Phe in rings without 
functional endothelium in rats supplemented with HR-
HAc at doses of 25 mg/kg, 50 mg/kg and 100 mg/kg 

was reduced in relation to the control group, but without 
differences between the three groups treated with HR-
HAc (Figure 3, panel B). It was further observed that G25 
maintained maximum response regarding Emax without 
differences for the CG, however this was reduced at doses 
of 50 mg/kg and 100 mg/kg.

In the experiments performed after pre-incubattion 
with L-NAME, rings of the rats that received 25 mg/kg, 
50mg/kg and 100 mg/kg showed a significant reduction 
in the contractile power and the maximum response in 
relation to the control group (Figure 3, panel C). The 
effects of the natural agent obtained from Hymenaea 
rubriflora Ducke bark on the vascular function of Wistar 
rats is shown in Figure 4.

FIGURE 2 - Relaxation of aortic rings induced by ACh (panel A) and SNP (panel B) in rats. Control group (˜), rats treated with 
HR-HAc 25 mg/kg (™), 50 mg/kg (¢) and 100 mg/kg (£). Data are mean ± S.E.M. (n=5)* p<0.05 vs control (Two-way ANOVA); 
† p<0.05 vs HR-HAc 25 mg/kg (One-way ANOVA followed by Bonferroni multiple comparisons test).
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FIGURE 3 - Contractile effect of the Phe in the presence (panel A) or absence of endothelium-intact (panel B), L-NAME (10-4M, 
panel C) in rats treated with HR-HAc (25, 50 and 100mg/kg). Data are mean ± S.E.M. (n=5). * p<0.05 vs control (Two-way 
ANOVA); † p<0.05 vs HR-HAc 25 mg/kg (One-way ANOVA followed by Bonferroni multiple comparisons test).

FIGURE 4 - Graphical abstract. Effect of natural agent obtained from Hymenaea rubriflora Ducke bark on the vascular function 
of Wistar rats.
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DISCUSSION

The data from this study lead to three findings: 
(1) Hymenaea rubriflora Ducke stem bark is rich in 
antioxidants; (2) Antioxidant compounds have relaxing 
activity in vitro; (3) The relaxing activity in vitro has 
potential for future clinical application because it was 
maintained after treatment with oral ingestion in rats.

Regarding the first finding, the antioxidant properties 
of the stem bark had previously been demonstrated 
in other Hymenaea species, such as courbaril 
(Jacob, Medeiros, Albuquerque, 2020), stigonocarpa Mart 
(Pimentel et al., 2023) and martiana Hayne (Pacheco 
et.al., 2021b), mainly attributed to the presence of 
procyanidins and carotenoids such as beta-carotene and 
lutein. Hymenaea rubriflora Ducke characterization in 
the present study confirms the composition of antioxidant 
compounds in Hymenaea. However, it should be noted 
that we found greater antioxidant activity in the stem 
bark rather than the fruit or fruit skin. In fact, infusions 
obtained from the stem bark have been used for medicinal 
purposes in popular culture (Cartaxo, De Almeida, De 
Albuquerque, 2010; Rocha et al., 2018; Veras et al., 2020).

Regarding the second finding, in vitro antioxidant 
action has already been demonstrated in previous 
studies (Bezerra et al., 2013; Veras et al., 2020; 
Scaramussa, Soares, Santana, 2022). The unprecedented 
finding of this study, at least as far as we know, was 
that HR-HAc antioxidant compounds have the ability to 
promote vasodilator effects and inhibit contractile and 
artery activity in rats. Previous studies have shown that 
Hymenaea species had the ability to promote myorelaxant 
(Bezerra et al., 2013) and anti-inflammatory (Pacheco 
et al., 2021a) activities, including inhibitory activity of 
5-lipoxygenase in vitro (Braga et al., 2000) and anti-
inflammatory gastroprotective effect (Orsi et al., 2012; 
Martins et al., 2015). In fact, both oxidative stress and 
inflammation primarily participate in the etiology of 
vascular diseases that involve vasoconstriction and 
inhibition of relaxing activity (Tan et al., 2013).

The vasodilator capacity discovered in the in 
vivo experimental level provides a promising avenue 
for exploring this vegetable for treating arterial 
hypertension, the most associated disease related to 

vascular dysfunction. The HR-HAc did not present acute 
toxicity when administered in a single dose of 2000 mg/
kg following Acute Oral toxicity (OECD, no.423 - 2001), 
corroborating with a toxicity test of the courbaril species 
(Bezerra et al., 2013). Thus, doses of 25 (G25), 50 (G50) 
and 100 (G100) mg/kg provided supplementation safety 
for the animals, since up to the present study there were 
no supplementation protocols for this extract. This data 
ratifies our understanding of the potential of HR-HAc for 
the evolution of the research to the clinical level. 

Absence of the relaxant effect when the experiments 
were performed on rings devoid of endothelium 
indicate that the vasorelaxant action is endothelium-
dependent. Experimental studies have shown the 
participation of phenolic compounds in vascular 
modulation via the endothelial route (Toscano et al., 2014; 
Jacob, Medeiros, Albuquerque, 2020; Parsamanesh et 
al., 2021) and in the promotion of vasodilation and blood 
pressure reduction (Cartagenes et al., 2014). Meanwhile 
clinical studies indicated a reduction in blood pressure, 
acting on the improvement of endothelial function 
(Toscano et al., 2014; Le Sayec et al., 2022). In addition, 
it has been demonstrated by trials with prostacyclin 
inhibitors that the relaxing effect appears to be nitric 
oxide dependent. The clinical significance of this finding 
is that endothelial dysfunction, particularly because of 
inability to nitric oxide production, is one of the main 
characteristics of cardiovascular diseases in humans, 
such as arterial hypertension (Saenz-Medina et al., 2022). 

There was still some vascular relaxation in the rings 
pre-incubated with L-NAME, an inhibitor of nitric oxide 
synthesis, indicating that some other mechanism has 
small participation in the vasorelaxant action. A study 
by Bezerra et al. (2013) demonstrated the ability of the 
H. courbaril hydroalcoholic extract at a dose of 150 
mg/kg to inhibit approximately 50% of the K+ induced 
contraction in tracheal rings of ovalbumin-hypersensitive 
rats. However, we did not investigate this mechanism in 
the aortic rings in the present study, so we are warned 
of this need in future studies.

The contractile efficacy of Phe at a dose of 100 mg/
kg was reduced in absence of the functional endothelium, 
which demonstrates that the inhibition of the contractile 
activity promoted by the HR-HAc extract is also 
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dependent on the vascular endothelium. However, in the 
presence of L-NAME, the contractile potency of Phe was 
similar to that obtained in the absence of this inhibitor 
in the G50 and G100 groups, suggesting that nitric oxide 
probably is not the main substance responsible for the 
decrease in the contractile activity of the aorta. 

Together, these findings point to HR-HAc as 
a postulant therapeutic tool for diseases associated 
with vascular dysfunction because of its vasorelaxant 
capacity and contractile inhibition properties, without 
adverse effects. 

An important limitation of this study is that we 
hypothesized that the vasorelaxative action of HR-HAc 
would be due to the rich phenolic content, however we 
did not quantify the antioxidant effect in the aorta of the 
animals. Therefore, for future studies, we recommend 
checking the association of vasodilation with possible 
better antioxidant activity in the vessels. We also 
recommend carrying out other tests aimed at verifying 
endothelium-independent mechanisms in detail which 
were shown to be possibly involved in the vasomotor 
response in this study, but which were not investigated. 
We also recommend investigating participation of 
hyperpolarizing factors derived from the endothelium. 
Molecular assays are needed to verify the participation of 
these compounds in stimulating nitric oxide production, 
as well as histological assays to verify if the compounds 
of Hymenaea influence the vascular structures. We 
recommended to repeat the tests on resistance vessels, 
such as femoral and mesenteric, since the properties of 
these vessels are different from those of aortic vessels. 
Finally, studies should be carried out to evaluate the effect 
of HR-HAc on blood pressure in hypertensive rat models 
in order to better evaluate the possibility that we will have 
a new potential nutraceutical or pharmacological agent 
for treating hypertension in clinical studies. 

CONCLUSION

The data of this study demonstrated that Hymenaea 
rubrif lora Ducke stem bark has high antioxidant 
composition and an extract elaborated from this stem has 
both endothelium-dependent vasorelaxant and inhibitory 
capacity of the vascular contraction in the aorta of Wistar 

rats. These data raise the prospect of being able to develop 
a new antihypertensive agent with this extract.
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