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ABSTRACT

The use of plants for medicinal purposes for the treatment, cure and prevention of
diseases is one of the oldest forms of medicinal practice in humanity, where the
Amazon region has a huge variety of plant species, which are used for medicinal
purposes. An example is Endopleura uchi, popularly known as “yellow uchi”, used in
the form of tea made from the bark, as it performs anti-inflammatory and antioxidant
actions, among others. Based on popular knowledge about the medicinal use of the
species, this study aimed to evaluate the anti-inflammatory and antinociceptive
activities and perform the phytochemical screening of the hydroethanolic extract of
the bark of the species Endopleura uchi (HEEu). In the phytochemical screening,
both the hydroethanolic extract and the raw material were used and the presence of
phenolic compounds, tannins and saponins can be found. To evaluate the anti-
inflammatory activity, the method of paw edema induced by carrageenan was used,
and to evaluate the antinociceptive activity, the test of abdominal writhing induced by
acetic acid was used. The rota-rod test was used to assess whether the extract
interferes with the animals’ motor coordination. Thus, the presence of secondary
metabolites was detected and anti-inflammatory and antinociceptive activity
demonstrated.
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AVALIACAO FARMACOLOGICA DA ATIVIDADE ANTINOCICEPTIVA E ANTI-
INFLAMATORIA DA ESPECIE ENDOPLEURA UCHI

RESUMO

O uso de plantas para fins medicinais para o tratamento, cura e prevencao de
doencas € uma das mais antigas formas de pratica medicinal da humanidade, onde
a regido amazonica possui uma grande variedade de espécies vegetais, que sao
utilizadas para fins medicinais. Um exemplo € a Endopleura uchi, popularmente
conhecida como “uchi amarelo”, utilizado na forma de cha feito a partir da casca,
pois exerce acdes antiinflamatérias e antioxidantes, entre outras. Com base no
conhecimento popular sobre o uso medicinal da espécie, este trabalho teve como
objetivo avaliar as atividades antiinflamatoria e antinociceptiva e realizar a triagem
fitoquimica do extrato hidroetandlico da casca da espécie Endopleura uchi (HEEu).
Na triagem fitoquimica, foram utilizados tanto o extrato hidroetandlico quanto a
matéria-prima e constatou-se a presenca de compostos fendlicos, taninos e
saponinas. Para avaliar a atividade antiinflamatoria, foi utilizado o método do edema
de pata induzido por carragenina e, para avaliar a atividade antinociceptiva, foi
utilizado o teste de contorcbes abdominais induzidas por acido acético. O teste do
rota-rod foi utilizado para avaliar se o extrato interfere na coordenagédo motora dos
animais. Assim, foi detectada a presenca de metabdlitos secundarios e demonstrada
a atividade antiinflamatéria e antinociceptiva.

PALAVRAS-CHAVE: Dor Inflamatoria. Etnofarmacologia; Inflamacéao;

INTRODUCTION

The use of plants for medicinal purposes, for the treatment, cure and
prevention of diseases, is one of the oldest forms of medicinal practice in humanity.
From this use, several questions arose, like the one asking if they were being used
for therapeutic purposes because of this studies were carried out to prove the
biological activity of the species and thus have proven efficacy (BRASIL, 2006;
TOMAZZONI et al., 2008; BADKE et al., 2016).

In this context, the Amazon region constitutes the largest tropical forest
ecosystem in the world, with an enormous flora that has countless uses, ranging from
food to the treatment of diseases (AMOROZO; GELY, 1988; FISCHMAN et al., 1991;
AKERELE, 1993; VEIGA JUNIOR et al., 2005).

A species of this enormous flora that can be found in the Amazon region is
Endopleura uchi, popularly known as *“yellow uchi”, belonging to the genus
Endopleura. It is found in terra firme forest and used in the form of tea made from the
bark of the tree, which has popular use for the treatment of various pathologies, such
as arthritis, and anti-inflammatory, antimutagenic, antioxidant, antitumor, antiviral,
cytostatic actions, depurative, diuretic, hypotensive, immunostimulant, cell
regenerator and vermifuge (CUATRECASA, 1961; SABATIER, 2004; BORGES,
2010, OLIVEIRA et al. 2017).

Previous studies demonstrated that the E. uchi species had the presence of
secondary metabolites, found in the bark. Among the main classes of molecules are
tannins, coumarins and saponins (FREITAS et al., 2018). From the method of high
performance liquid chromatography (HPLC) coupled with diode array detection
(DAD) phenolic compounds were detected, including bergenine and its derivatives
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(SILVA; TEIXEIRA, 2015). Abreu et al. (2008), indicated in their work that bergenin is
the molecule responsible for the biological activity of this species.

Other studies evaluated the activity of different extracts obtained from
Endopleura uchi bark and observed lipase inhibitory, antioxidant, antimicrobial,
antidiabetic and anti-inflammatory action (SILVA et al., 2009; NUNOMURA et al.,
2009; POLITI et al., 2009; POLITI et al., 2009; SILVA; TEIXEIRA, 2015; OLIVEIRA et
al., 2017).

Therefore, considering the popular use of the species Endopleura uchi for the
treatment of painful inflammatory diseases, the aim of the present study was to
evaluate the pharmacological potential of the hydroethanolic extract obtained from
the barks of this species in animal models of nociception and inflammation, in
addition to evaluating the in vitro antioxidant activity and phytochemical prospecting,
thus contributing to obtain data that demonstrate the pharmacological efficacy from
information on popular medicinal use.

MATERIAL AND METHODS
Plant
Barks of the Endopleura uchi species were used, purchased at “Produtos
Naturais Dr. Juan Revilla” store. The plant exsiccate was collected in May 1996, by
the botanist D.F. Coelho and deposited in the herbarium of the Federal University of
Amazonas, under number 4359.

Hydroethanolic extract

The preparation of the hydroethanolic extract of the bark of the Endopleura
uchi species (HEEu) was carried out from 150 grams of sample in which 70% ethanol
was added. Leaving it for 48 hours, after this period, vacuum filtration was necessary.
Then, the solvent evaporation step took place in a rotaevaporator. The solution
obtained after the evaporation process was lyophilized, giving rise to a powdery
residue (hydroethanolic extract).

Animals

Male mice of the species Balb/c (20-30 g), provided by the Central Animal
Facility of the Amazon Research Institute (INPA), were used in the in vivo tests,
following all the norms and ethics related to this type of research. They were placed
in cages and kept in an environment with a temperature between 23 + 2 °C, 12 h
light/dark cycle and with free access to drinking water and feed. Except on the day of
the experiment when the feed was withdrawn and the animals were fasted for a
period of 5 hours. The project was approved by the Committee on Ethics and
Research in the Use of Animals of the National Institute for Research in the Amazon
(INPA), under protocol number 042/2016.

Phytochemical Prospecting

This essay analyzes all the qualitative characteristics of the main chemical
groups that constitute the active principles of plant drugs, using in each case, color
and/or precipitation reactions. For this test, HEEu and the vegetal raw material of the
species Endopleura uchi were used. The tests to carry out the phytochemical
prospecting are in accordance with the methodologies described by Costa (2002)
and Simdes (2010).
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Paw edema induced by intraplantar carrageenan injection

This test was based on a similar methodology described by Levy (1969). The
paw edema was assessed using an electrical hydroplestymometer (Panlab, SLU).
This device measures the displaced liquid volume and translates it digitally. The
basal volume of the right hind paw was determined before the administration of any
drug. The mice were divided into experimental groups. Vehicle (5% solution of 70%
alcohol in saline solution; 10 mL/kg), HEEu (100 and 300.0 mg/kg) and indomethacin
(10 mg/kg) were administered orally 1 hour before intraplantar injection (i .pl.) of
carrageenan (300.0 pg, 30.0 ul). Each group consisted of 4 to 6 mice. The choice of
carrageenan concentration and injected volume was based on the dose-response
curve obtained in a previous study carried out by Veloso (2014). The paw volume
was measured 1.0; 2.0; 3.0 and 4.0 hours after injection of the inflammatory stimulus.
The results were presented as the variation of the volume of the paw (pl) in relation to
the basal value.

Acetic acid-induced abdominal writhing test

This test was based on a methodology previously described by Koster et al.
(1959), where the intensity of nociceptive behavior was quantified by counting the
total number of contortions that occurred between 0 and 20 minutes after stimulus
injection. Acetic acid (0.9% v/v, 10 mL/kg) was injected into the peritoneal cavity of
mice 1 hour after receiving the pre-treatment according to each experimental group.
Group 1 received only the vehicle (5% solution of 70% alcohol in saline solution; 10
mL/kg). Group 2 received indomethacin at a dose of 10 mg/kg. Groups 3 and 4
received orally, HEEu at doses of 100 and 300 mg/kg, respectively. Each group
consisted of 4 — 6 mice. Then, they were placed in a large plastic cylinder, and the
intensity of the nociceptive behavior was quantified by counting the total number of
contortions. The contortion response consists of contraction of the abdominal muscle
with stretching of the hind limbs. Antinociceptive activity was expressed as a score of
writhing in a 20-minute period.

Motor coordination test

The motor coordination was assessed by the time the animal remained
walking on the rota-rod for 2 minutes (cutting time), according to the methodology
described by Dunham and Miya (1957) with alterations. Rota-rod is a horizontal
revolving bar, coated with non-slip plastic, suspended at a height of 25 to 30 cm and
with a constant rotation of 16 rpm.

RESULTS AND DISCUSSION

Endopleura uchi is used in the form of a tea made from the bark of the tree,
which is popularly used to treat arthritis, inflammation, diuretic and cytostatic actions,
among others (CUATRECASA, 1961; BORGES, 2010). This is a study which sought
to elucidate the anti-inflammatory and antinociceptive action of the hydroethanolic
extract of Endopleura uchi bark in animal models. In addition, the phytochemical
prospection of HEEu was carried out. The results showed: ) the phytochemical
prospection assay was used for the analysis of both the Endopleura uchi and HEEu
bark species, so from the prospecting it was demonstrated that both had phenolic
compounds, tannins and saponins. However, in HEEu, in addition to the afore
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mentioned  secondary  metabolites, anthocyanins,  anthocyanidins  and
leucoanthocyanidins were also present; IlI) in the in vivo analysis, the oral
administration of HEEu produced antinociceptive and anti-inflammatory effects and
did not produce any change in the motor performance in vivo.

The phytochemical screening performed with the bark of the Endopleura uchi
species and its hydroethanolic extract (HEEu) was carried out from the
characterization of the main chemical groups of plant substances through
characteristic precipitation and coloring reactions, as shown in Table 1.

TABLE 1: Phytochemical screening of the raw material (shells) and the
hydroethanolic extract of the barks of the species Endoplera uchi (EHEu).

Secondary metabolites Characterization reaction Raw HEEu
material
Phenolic compoundsReaction with 2% Ferric Chloride (+) (+)
AnthraquinonesBorntrager reaction () ()
CoumarinsReaction with 10% Potassium Hydroxide () ()
in Ethanol
TanninsReaction with 2% Ferric Chloride (+) (+)
Anthocyanins andReaction with Sulfuric Acid or Potassium () (+)

Anthocyanidins Hydroxide

Flavones, Flavonois andReaction with Magnesium and () ()
XanthonesHydrochloric Acid

Chalcones and Auronas

Reaction with Sulfuric Acid or Potassium

Flavononols Hydroxide () ()

Leukoanthocyanidins Reaction with Hydrochloric Acid or () (+)
Sodium Hydroxide

CatechinsReaction with Hydrochloric Acid or () ()
Sodium Hydroxide

SaponinsReaction with Hydrochloric Acid (+) (+)

Alkaloids Dragendoff Reaction, Mayer Reaction () ()

and Bouchardat/\Wagner Reaction

(+) Positive (-) Negative

In this test, the presence of phenolic compounds, tannins and saponins was
identified in the raw material (Endopleura uchi husks), where each one of these was
identified from a chemical reaction. In the HEEu, the presence of phenolic
compounds, tannins, anthocyanins and anthocyanidins, leucoanthocyanidins and
saponins was observed.
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The metabolites found in the raw material (Endopleura uchi husks) and in
HEEu have biological activities already reported in the literature, and phenolic
compounds have natural antioxidant actions due to their chemical structure
(RAMALHO; JORGE, 2006). Tannins are divided into two classes (hydrolyzable
tannins and condensed tannins) where they have antibacterial activity (CASTEJON,
2011). Saponins have detergent and surfactant activities and their biological effect
stands out for its antioxidant action, in addition to acting against tumor cells
(PEREIRA; CARDOSO, 2012). In addition to these compounds, in HEEu were found
anthocyanins, anthocyanidins and leucoanthocyanidins, which are compounds
belonging to the flavonoid class, thus performing several biological effects, such as
antioxidant, anti-inflammatory, antitumor and inhibition of collagen damage activity
(PEREIRA; CARDOSO, 2012). Thus, the metabolites present in HEEu may be
exerting pharmacological actions as observed from the results obtained in the in vivo
analyzes in the present study.

The paw edema test induced by intraplantar carrageenan injection aims to
trigger an inflammatory process, monitoring an increase in the volume of edema
within a period of 4 hours after carrageenan application as shown in Figure 1.

FIGURE 1. Effects of Vehicle (V; 5% solution of 70% alcohol in saline solution;
10ml/kg; po), Indomethacin (Indo; 10 mg/kg; po) and HEEu (100mg/kg and
300mg/kg; po) in paw edema induced by intraplantar carrageenan injection (Cg; 300
pug/paw). The animals were submitted to a basal reading (time 0) and thus pre-
treated. One hour after the pre-treatments, carrageenan was administered and the
volume of edema measured 1, 2, 3 and 4 hours after injection. Each column
represents the mean with 4 to 6 mice. The results are represented with an average of
around
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For the initial evaluation, the animals were submitted to a baseline reading of
the paw volume (time 0) after which the animals were pretreated with Vehicle (5%
alcohol 70% solution in saline solution; 10ml/kg; po), Indomethacin (10mg/kg; po)
and HEEu (100mg/kg and 300mg/kg po). Carrageenan (300 pg/paw) was then
administered intraplantarly.

The swelling started to become evident one hour after applying Carrageenan
and progressively increased during the remaining hours. HEEu at a dose of
300mg/kg showed a reduction in edema in the 2nd hour (p<0.05) when compared to
the Vehicle group, in the 4th hour this reduction was more evident (p<0.01) when
compared to the Vehicle group. On the other hand, the HEEu at a dose of 100 mg/kg
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did not show any statistical difference when compared to the group treated with
Vehicle. The Indomethacin group reduced edema from the 2nd hour (p<0.001)
onwards, thus following it during the 3rd (p<0.01) and 4th (p<0.001) hours compared
to the Vehicle control group.

The carrageenan-induced paw edema test is a model widely used in studies to
assess anti-inflammatory activity (FEZAI et al., 2013; TREVISAN et al., 2014). The
experimental model uses carrageenan as an inflammation promoter where it
promotes the formation of edema and its effects are related to the release of
inflammatory mediators that increase vascular permeability and leukocyte migration
(HUANG et al., 2011). Carrageenan triggers stimuli in two different phases where in
its first phase (1-2 hours after carrageenan administration) there is an increase in
vascular permeability resulting from the release of histamine and serotonin from mast
cells (MALING et al., 1974; SILVA et al., 2017). The second phase of the response
(3-4 hours after the carrageenan administration) is characterized by an inflammatory
infiltrate, with release of bradykinin, PGE,, cytokines, which can be cited as examples
interleukin-1 beta (IL-1p3), factor of tumor necrosis -alpha (TNF-a), interleukin-10 (IL-
10) and nitric oxide (MEDZHITOV, 2008; SILVA et al., 2017).

Bergenin is a metabolite isolated from the bark of the species Endopleura uchi
where in studies to assess the anti-inflammatory activity in vitro it was shown that it
has inhibitory activity for cyclooxygenase-2 (COX-2), the main isoform of COX
induced during inflammation, and the induction of COX-2 is responsible for the
production of PGs at the site of inflammation (NUNOMURA, 2009). Thus, the present
research demonstrated that the administration of HEEu promoted the reduction of
edema from the second hour of the test, suggesting that the metabolite bergenin may
be exerting this effect.

The 0.9% acetic acid-induced abdominal writhing test evaluated the number of
abdominal writhings during 20 minutes after administration of Vehicle (V; 5% solution
of 70% alcohol in saline solution; 10ml/kg; po), Indomethacin (INDO; 10mg/kg; po),
HEEu (100mg/kg and 300mg/kg; po). Figure 2 shows that animals treated with
Indomethacin showed a reduction (p<0.01) in the number of writhes compared to the
control group Vehicle. The HEEu at dosages of 100 and 300mg/kg showed a
reduction (p<0.05) when compared to Vehicle.

FIGURE 2. Effects of Vehicle (V; 5% solution of 70% alcohol in saline solution;
10ml/kg; po), Indomethacin (INDO; 10 mg/kg; po) and HEEu (100mg/kg and
300mg/kg; vo) in the number of abdominal contortions induced by 0.9% acetic acid
(v/v) for 20 minutes. Each column represents an average of 4 to 6 mice. The results

are represented with an average of plus or minus the E.P.M.
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Acetic acid-induced abdominal writhing testing has been used as a screening
tool to assess the analgesic properties of new substances (COLLIER et al., 1968).
Previous studies postulated that acetic acid acts indirectly by inducing the release of
endogenous mediators that stimulate nociceptive neurons which are sensitive to
nonsteroidal anti-inflammatory drugs (NSAIDs) and opioids (FISCHER et al., 2008).
The mediators released from acetic acid are cyclooxygenase (COX), lipoxygenase
(LOX), prostaglandins (PGs), histamine, serotonin, bradykinin, substance P, IL-1[3,
interleukin-8 (IL-8), TNF-a na peritoneal cavity (FARIAS et al., 2011). HEEu reduced
acetic acid-induced writhing in mice. The results support the hypothesis that the
extract has an antinociceptive effect on abdominal contortions, thus suggesting a
characteristic of the class of non-steroidal anti-inflammatory drugs where they will act
in reducing the synthesis of prostaglandin mediators, promoting an antinociceptive
action.

The Rota Rod test aimed to evaluate the motor performance of the animals in
the times of 30, 60, 120 minutes after the treatments. Time 0 shown in Figure 3 is the
baseline reading, i.e., without animals with pharmacological treatment. After time O,
Xylazine (2mg/kg; via s.c.), Vehicle (10ml/kg; v.0.) and HEEu (300mg/kg; v.0.) were
administered. From this on, at times of 30, 60 and 120 minutes, it was evaluated
whether the HEEu exerts action on motor activity, either by sedation or by muscle
relaxation. The animals treated with HEEu (300mg/kg) did not show changes in their
motor performance in any of the times at 30, 60 and 120 when compared to the
control group that received the vehicle. Unlike the control treated with Xylazine,
which demonstrated a significant reduction in the time spent on the rotating bar at 30
and 60 minutes (p < 0.05) compared to the control treated with the Vehicle group
(Figure 3).

FIGURE 3. Effects of Vehicle (V; 5% solution of 70% alcohol in saline solution;
10ml/kg; po), Xylazine (2mg/kg; via sc) and HEEu (300mg/kg) on the time spent on
the bar swivel on the rota-rod test. The time was measured from their administration
after the basal reading (time 0, when the animals did not receive any type of
treatment) and measured at 30, 60 and 120 minutes after administration. Each
column represents the mean with 4 to 6 mice per group. The results are represented
with an average of around E.P.M.
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For this conclusion, the Rota-rod test was used to assess the specificity of the
antinociceptive action of drugs, checking whether they cause motor incoordination,
whether by sedation and/or muscle relaxation (ROSLAND et al.,, 1990). No
interference was observed in the motor coordination of animals in the rota-rod test,
thus eliminating a muscle relaxation or sedative effect of HEEu. This demonstrates
that the action of HEEu does not cause sedation or a relaxing effect, acting directly
on nociception.

CONCLUSION

In conclusion, this study indicates that the hydroethanolic extract of the bark of
the Endopleura uchi species exhibited anti-inflammatory and antinociceptive
activities. The results found support previous claims of its traditional use. It is
suggested that the mechanism of action of HEEu is associated with the inhibition of
the formation of pro-inflammatory mediators, such as NSAIDs. In addition, we
demonstrate that the extract of E. uchi presented in the phytochemical prospection
compounds that can exert these activities found as well as the antioxidant activity
observed in the tests.
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