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ABSTRACT
Bioactivities of extracts from Eugenia uniflora L. branches were investigated using in vitro and vivo tests. Dried and
powdered from E. uniflora branches were exhaustively extracted with hexane, ethyl acetate and ethanol by static
maceration obtaining the hexane (HE), ethyl acetate (EAE) and ethanol (EE) extracts. Phytochemical screening and
total phenolic and flavonoid contents were determined. The antioxidant activity was assessed by 2,2-diphenyl-1pycrilhydrazin (DPPH) and iron reducing power tests. For evaluate the antinociceptive activity, acetic acid-induced
writhing, formalin and hot plate assays were performed, while the anti-inflammatory activity by paw edema method.
Flavonoids, tannins, coumarins, terpenes and sterols were revealed in the extracts. HE, EAE and EE presented
expressive levels of total phenolic and flavonoids and a promising antioxidant effect. Doses of HE, EAE or EE (50,
100 or 200 mg/kg) decreased the number of writhes and the phases of paw licking time. The analgesic effect on
central level was confirmed by the increase in reaction time on hot plate. EAE and EE (200 and 400 mg/kg) and HE
(400 mg/kg) showed a reduction of paw edema after 4 h of carrageenan application. Therefore, E. uniflora
presented important biological properties that may be associated with the chemical constituents and corroborate the
medicinal uses of this species.
Keywords: Eugenia uniflora, Phytochemical screening, Phenolic content, Flavonoids, Antioxidant, Nociception,
Inflammation.

INTRODUCTION
One of the major goals of scientific research in humans and animals is the search of new therapeutic agents for the
treatment of a variety of pathophysiological conditions. The physiological changes cause disease in different organ
systems, including cardiovascular and metabolic complications, diabetes, peptic ulcer, cancer, neurodegenerative
diseases, among others, and can involve the generation of free radicals and oxidants associated with painful and
inflammatory processes [1-2]. In these processes, acetylcholine, bradykinin, histamine, serotonin, leukotriene,
substance P, platelet activating factor, prostaglandins, interleukins, tumor necrosis factor (TNF), nerve growth factor
(NGF) and cyclic adenosine monophosphate (cAMP) have been highlighted as the major mediators [3-4]. On the
other hand, the therapeutic agents (opioid analgesics and non-steroidal anti-inflammatory drugs, for example) used
to inhibit the action of these mediators produce adverse effects, such as sedation, dizziness, nausea, vomiting,
constipation, physical dependence, tolerance, and respiratory depression, irritation of gastric mucosa and ulcer,
water retention and nephrotoxicity, and compromise the treatment of patients [5-7]. In order to minimize the harmful
effects of these drugs, one of the alternatives that have been employed over the generations is the use of medicinal
plants and the development of antioxidant, analgesic and anti-inflammatory products [8].
Eugenia uniflora L. (Myrtaceae), known as “pitangueira” or Brazilian cherry tree, is found in South American,
including Brazil, Southern Asia and Africa [9], and the fruits have mostly been used to produce juice and frozen
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pulp [10-11]. In folk medicine, the leaves have been used to treat hypercholesterolemia, gout, hypertension,
digestive disease, inflammation, rheumatism, rheumatic pain, cough, fever, hepatic disease, amygdalitis, sore throat
and haemorrhoids, among other medicinal uses [11-12]. Pharmacological studies of E. uniflora, as antinociceptive
and hypothermic [13-14], anti-inflammatory [14], antioxidant [15], [16], antihypertensive [9] and antitumor [17] and
effects on the intestinal transit and prolongation of sleeping time [14] have provided sustainability for their
medicinal applications. In addition, this species presented antibacterial, antiviral and antifungal [14-15, 17-19] and
antiprotozoal [20-21] activities.
Chemically, compounds as flavonoids myricitrin, quercetin and 3-L-ramnoside quercitrin, steroids and terpenes,
tannins, anthraquinones and phenols, cineol and essential oils [13, 15-17, 19, 21] were identified and related to
biological properties. In particular, phenolic compounds, such as flavonoids, have been well-established for their
antioxidant, antinociceptive and anti-inflammatory properties [22-23].
Chemical and pharmacologically, extracts from E. uniflora branches have not been previously studied. Based on this
fact and in medicinal applications, this study assessed the antioxidant, antinociceptive an anti-inflammatory
properties using in vitro and in vivo tests. In addition, phytochemical screening and phenolic constituents were
determined.
EXPERIMENTAL SECTION
Collect and identification of plant material
Branches of Eugenia uniflora L. (Myrtaceae) were collected in January, 2010, at the city of Juiz de Fora, Minas
Gerais State, Southeast region, Brazil (longitude 43º 21’ 01” W and latitude 21º 45’ 51” S). A botanic specialist, Dr.
Fátima Regina Gonçalves Salimena, identified a voucher specimen that was deposited in the Herbarium Leopoldo
Krieger (CESJ nº 49.187) of the Federal University of Juiz de Fora, Juiz de Fora, MG, Brazil.
After drying, all material was triturated by an electric grinder and pulverized using a tamise nº 18 for the extract
preparation.
Extract preparation
480 g of dried and powdered branches were macerated in hexane (4.0 l) by static maceration (3 weeks) at room
temperature until complete extraction. Then, using the same procedure, ethyl acetate was added to the resulting
residue to obtain the ethyl acetate extract. At the end of this extraction, the resulting residue was extracted with
ethanol to acquire the ethanol extract. After filtration, the extracts were evaporated at controlled temperature (50–
55oC) by a rotary vacuum evaporator (Rotavapor RII, Büchi, Flawil, Switzerland). To complete this step, a
desiccator containing silica removed the residual solvents and water of the hexane (HE), ethyl acetate (EAE) and
ethanol (EE) extracts.
Drugs and reagents
For this research, the following chemicals were used: acetic acid (Vetec Química Farm. Ltda, Rio de Janeiro, RJ,
Brazil); formaldehyde and acetylsalicylic acid (Reagen Quimibrás Ind. Química S. A., Rio de Janeiro, RJ, Brazil);
aluminum chloride, potassium ferrocyanide P.A., metanol, etanol, pyridine and sodium carbonate (Labsynth,
Diadema, SP, Brazil); Folin-Ciocalteu reagent P.A., trichloroacetic acid and ascorbic acid (Cromoline Química Fina,
Diadema, SP, Brazil); morphine hydrochloride (Merck Inc., Whitehouse Station, NJ, USA); 1,1-Diphenyl-2picrylhydrazyl (DPPH), gallic acid, rutin, naloxone hydrochloride, indomethacin and λ-carrageenan commercial
grade Type II (Sigma Chemical Co, St Louis, MO, USA) and ketamine chloride and xylazine chloride (Syntec,
Hortolândia, SP, Brazil). All chemicals used in the experiments presented purity certified by the suppliers.
Phytochemical screening
HE, EAE and EE were used to distinguish different chemical classes (tannins, flavonoids, terpenes and phytosterols,
saponins, coumarins, anthraquinones, and alkaloids) of secondary metabolites according to the reactions described
by Tiwari et al. [24]. These reactions were based on the visual observation of color change or formation of a
precipitate after the addition of specific reagents.
Quantification of total phenolic
The Folin-Ciocalteu reagent was used to determine the total phenolic contents in HE, EAE and EE by
spectrophotometric method [25]. The Folin-Ciocalteu reagent was neutralized with sodium carbonate to produce a
blue coloration. Gallic acid solutions (40 to 120 µg/ml) in ethanol were used to acquire the calibration curve. The
absorbance of the resulting solutions in triplicate was measured at 765 nm after 60 min with a double beam
UV/Visible spectrophotometer. The total phenolic contents were expressed as gram of gallic acid equivalent (GAE)
per 100g dry weight (g/100g).
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Total flavonoids determination
Aluminum chloride colorimetric method was used for total flavonoid determination using rutin (reference standard)
solutions in ethanol (5 to 40 µg/ml) to obtain the calibration curve [26]. HE, EAE or EE (0.4 ml), acetic acid (0.12
ml), pyridine:ethanol (2:8) (2 ml) and distilled water (1.98 ml) were reacted with 8% aluminum chloride (0.5 ml) at
room temperature for 30 min. After reaction, the absorbance was measured at 420 nm with a double beam
UV/Visible spectrophotometer. The flavonoid contents were expressed as gram of rutin equivalent (RE) per 100 g
dry weight (g/100g).
DPPH radical scavenging activity
DPPH was used for determination of free radical-scavenging activity using the method described by Mensor et al.
[27]. Different concentrations of HE (60 to 280 µg/ml), EAE (20 to 140 µg/ml) and EE (40 to 200 µg/ml) were
added, at an equal volume, to methanol solution of DPPH (0.03 mM) and they remained under protection from light
for 60 minutes at room temperature.. The absorbance was recorded at 518 nm using a double beam UV/Visible
spectrophotometer. The experiment was performed in triplicate and rutin was used as standard control. EC50 values
denote the concentration (µg/ml) of sample, which is required to scavenge 50% of DPPH free radicals.
Test of iron reducing power (FRAP)
The reducing power of iron was determined using a serial dilution of HE (300 to 80 µg/ml), EAE (120 to 20 µg/ml)
and EE (220 to 40 µg/ml) with 0.2 mM phosphate buffer pH 6.6 (2.5 ml), and 1 % potassium ferrocyanide (2.5 ml)
[28]. The mixture was incubated at 50ºC for 20 min. Then, five milliliters of this mixture received 10 %
trichloroacetic acid (2.5 ml) followed by centrifugation at 3000 g for 10 minutes. The supernatant was separated and
mixed with distilled water (2.5 ml) containing 1 % ferric chloride (0.5 ml). In triplicate, the absorbance of this
mixture was measured at 700 nm. Ascorbic acid (12.5 to 0.5 µg/ml) was used as reference standard. The
measurement was considered the possible antioxidant activity.
Animals
For this research, male Swiss albino mice (50-70 days with 25-30 g) and male Wistar rats (90-110 days with 180220 g) were used in pharmacological tests. These animals were provided by the Central Animal Facility of the
Federal University de Juiz de Fora (UFJF) and housed in clean plastic cages and maintained under standard
laboratory conditions (temperature 24-2 °C and 12:12 light/dark cycles). They received water ad libitum and fed
with the balanced feed (Nuvilab Rodents - Nuvital Nutrients, Colombo, Brazil) and the experiments were performed
at the Natural Products Pharmacology Laboratory, Faculty of Pharmacy, UFJF. The procedures adopted in animal
care and experimentation were in accordance with Guidelines for Care and Use of Laboratory Animals in
Biomedical Research of the Brazilian College of Animal Experimentation (COBEA). The protocol was approved by
the Experimentation Ethics Committee on Animal Use of the Federal University de Juiz de Fora (number 037/2010).
Writhing test in mice
According to Collier et al. protocol [29], male Swiss albino mice (n = 8) were pretreated with HE, EAE and EE (50,
100 and 200 mg/kg, v.o.). After one hour of application of the extracts, 0.1 ml/10 g of 0.6% v/v acetic acid was
injected intraperitoneally. For test validation, reference drugs, acetylsalicylic acid (200 mg/kg, p.o.) and
indomethacin (10 mg/kg, p.o.), were used in this experiment. Negative control was treated with 1% DMSO in 0.9%
NaCl (10 ml/kg, v.o.). After injection of acetic acid, the number of abdominal constrictions (writhing) was counted
between 10 and 30 min.
Formalin-induced pain test in mice
The method used in this assay was described by Hunskaar and Hole [30]. Groups of animals (n = 8) were pretreated
with HE, EAE or EE (50, 100 and 200 mg/kg, p.o.), 1% DMSO in sterile saline (10 ml/kg, p.o., negative control),
indomethacin (10 mg/kg, p.o., positive control) and morphine (5 mg/kg, s.c). After 1 hour of treatment, 20 µl of
2.5% formalin (37% formaldehyde) in sterile saline were injected in the subplantar right hind paw region.
Immediately after application of formalin (0–5 min), the licking time the paw was recorded corresponding to the
first phase (neurogenic), while the second phase (inflammatory) was evaluated between 15 and 30 min.
Hot-plate test in mice
To assess the central antinociceptive action, the hot plate test recommended by Eddy et al. [31] was performed.
Fifteen groups of eight mice (n = 8) each were treated with HE, EAE or EE (50, 100 and 200 mg/kg, p.o.), morphine
(5 mg/kg, s.c.), morphine (5 mg/kg, s.c., positive control) plus naloxone (2 mg/kg, s.c.), HE (200 mg/kg, p.o.) plus
naloxone (2 mg/kg, subcutaneously), EAE (200 mg/kg, p.o.) plus naloxone (2 mg/kg, s.c.), EE (200 mg/kg, p.o.)
plus naloxone (2 mg/kg, s.c.) or 1% DMSO in sterile saline (NaCl 0.9%) (10 ml/kg, p.o., negative control). Using a
hot plate (Model LE 7406, Letica Scientific Instruments, Barcelona, Spain) at 55° ± 1°C, the latency time was
measured in 0, 30, 60 and 90 min with a cut-off time of 30 s.

1056

Orlando Vieira de Sousa et al
J. Chem. Pharm. Res., 2016, 8(8):1054-1062
_____________________________________________________________________________
Carrageenan-induced paw edema in rats
To evaluate the anti-inflammatory effect, the carrageenan-induced paw edema test was used according to the method
of Winter et al. [32] with slight modifications. One hour before the application of carrageenan, groups of animals
were treated (n = 6) with HE, EAE or EE (50, 100 and 200 mg/kg, p.o.), indomethacin (10 mg/kg, p.o., positive
control) and 1% DMSO in sterile saline (NaCl 0.9%) (10 ml/kg, p.o., negative control). A solution (0.1 ml) of 2%
carrageenan was injected into the subplantar tissue of the right hind paw, while 0.1 ml of sterile saline (control) was
injected in the left hind paw. To determine the volume displaced by the edema, a plethysmometer (model LE 7500,
Letica Scientific Instruments, Barcelona, Spain) was used in times of 1, 2, 3 and 4 h after the carrageenan injection.
Statistical analysis
The data were presented as the mean ± standard error of the mean (S.E.M.) and the statistical significance was
determined using an analysis of variance (ANOVA) followed by Tukey or Student Newman-Keuls test. Values were
considered significantly different at p < 0.05. All analysis was performed using by GraphPad Prism 5.0 program
(Graph Pad Prism Software Inc., San Diego, CA, USA).
RESULTS AND DISCUSSION
Phytochemical screening
480 g of dried and powdered branches yielded 15.79, 9.36 and 11.38 g of HE, EAE and EE, respectively, equivalent
to 9.53, 7.45 and 8.34%.
Phytochemical screening showed that HE contains coumarins, terpenes and sterols, while tannins and flavonoids
were detected in EAE and EE. Negative reactions to saponins, alkaloids and anthraquinones were observed in the
samples.
Total phenolic and flavonoid contents
In E. uniflora, the total phenolic varied from 0.59 ± 0.07 to 5.56 ± 0.52 g/100 g and flavonoid ranged from 0.93 ±
0.05 to 1.82 ± 0.24 g/100 g (Table 1). HE showed no reactions to determine the total flavonoid content. In addition,
as observed in Table 1, EAE exhibited the highest total phenolic and flavonoid contents.
Table 1. Total phenolic and flavonoid contents obtained of HE, EAE and EE
Plant extract Total phenolic (g/100g) Total flavonoid (g/100 g)
HE
0.59 ± 0.07
EAE
5.56 ± 0.52
1.82 ± 0.24
EE
2.96 ± 0.47
0.93 ± 0.05
The data represent the mean ± S.E.M. (n = 3).
There was significant difference between the means considering p < 0.05 after ANOVA followed of Tukey’s test.
HF: Hexane extract; EAE: Ethyl acetate extract; EE: Ethanol extract.

DPPH radical scavenging and Fe+3 reducing power activities
Table 2 shows the scavenging effects obtained with samples on DPPH radical and Fe+3 reducing power in the
following order: EAE > EE > HE. The EC50 values were statistically different (p < 0.05) that ranged from 79.97 ±
0.11 to 163.66 ± 0.88 µg/ml and 63.02 ± 0.36 to 182.36 ± 2.26 µg/ml using DPPH and Fe+3 reducing power,
respectively (Table 2). EAE was more active to inhibit the DPPH radical and more potent in convert Fe (+3) to Fe
(+2).
Table 2. Antioxidant activity of HE, EAE and EE by DPPH and Fe+3 reducing power methods
EC50 (µg/ml)
DPPH
Fe+3 Reducing Power
HE
163.66 ± 0.88
182.36 ± 2.26
EAE
79.97 ± 0.11
63.02 ± 0.36
EE
111.00 ± 0.62
115.48 ± 0.62
Rutin
8.47 ± 0.08
104.37 ± 0.10
Ascorbic acid
5.36 ± 0.07
The data represent the mean ± S.E.M. (n = 3).
There was significant difference between the means considering p < 0.05 after ANOVA followed of Tukey´s test.
HF: Hexane extract; EAE: Ethyl acetate extract; EE: Ethanol extract.
Plant extract/Chemical

Acetic acid-induced writhing in mice
When compared with the control group, HE reduced the number of abdominal writhes (p < 0.001) at doses of 50,
100 and 200 mg/kg (Figure 1). In Figure 1, EAE and EE also showed a decrease in writhes at doses of 100 (p <
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0.05) and 200 mg/kg (p < 0.01 or p < 0.001). As drug references, ASA and indomethacin were effectives against
acetic acid-induced nociception.
60
*

*

Number of writhes

**
***

40

***
***

***

***

20

***

Control (Saline)
HE (50 mg/kg)
HE (100 mg/kg)
HE (200 mg/kg)
EAE (50 mg/kg)
EAE (100 mg/kg)
EAE (200 mg/kg)
EE (50 mg/kg)
EE (100 mg/kg)
EE (200 mg/kg)
Indomethacin (10 mg/kg)
ASA (200 mg/kg)

0
1

Figure 1. Effects of HE, EAE and EE on acetic acid induced writhing in mice
The data represent the mean ± S.E.M. (n = 8). *p < 0.05; **p < 0.01; ***p < 0.001 vs. control group after ANOVA followed of StudentNewman-Keuls’ test. HF: Hexane extract; EAE: Ethyl acetate extract; EE: Ethanol extract; ASA: acetylsalicylic acid.

Formalin test
Considering the first phase of the formalin test, doses of 50, 100 and 200 mg/kg de HE inhibited (p < 0.001) the
licking time in 10.46, 20.76 and 58.77%, respectively (Table 3). This phase was also reduced after treatment with
100 and 200 mg/kg of EAE (p < 0.05 or p < 0.01) and 200 mg/kg of EE (p < 0.001). In Table 3, the second phase
was reduced after treatment with HE (50, 100 and 200 mg/kg, p < 0.001), EAE and EE (100 and 200 mg/kg, p <
0.01 or p < 0.001). Indomethacin was not active in the first phase, but morphine inhibited both phases of the
formalin test (Table 3).
Table 3. Effects of HE, EAE and EE on formalin-induced nociception in mice
Duration of paw licking (s)
First phase
Second phase
Time
Inhibition (%)
Time
Inhibition (%)
Control
Saline
77.62±1.77
84.12±2.67
50
10.46
15.30
69.50±1.35***
71.25±2.55***
HE
100
20.76
23.48
61.50±1.28***
64.37±1.52***
200
35.37
58.77
45.62±1.58***
54.37±1.27***
50
4.51
2.67
74.12±1.98
81.87±2.47
EAE
100
7.88
11.59
71.50±2.34*
74.37±2.43**
200
8.70
12.92
70.87±1.54**
73.25±2.30**
2.90
1.92
50
82.50±1.73
75.37±1.18
EE
100
4.34
10.25
74.25±1.48
75.50±1.84**
200
23.34
20.05
59.50±1.32***
67.25±2.05***
Indomethacin
10
3.70
69.39
74.75±2.43
25.75±1.14***
Morphine
1
76.65
73.70
18.12±11.86***
22.12±1.85***
1st phase (0–5 min) and 2nd phase (15–30 min). The data represent the mean ± S.E.M. (n = 8). *p < 0.05; **p < 0.01; ***p < 0.001 vs. control
group after ANOVA followed of Student-Newman-Keuls’ test. HF: Hexane extract; EAE: Ethyl acetate extract; EE: Ethanol extract.
Group

Dose (mg/kg)

Effects on the hot plate test
In the hot plate assay, after 30 minutes of treatment, dose of 200 mg/kg HE increased the reaction time (Table 4). In
this table, it is also showed that HE (50, 100 and 200 mg/kg), EAE (100 and 200 mg/kg) and EE (200 mg/kg)
significantly (p < 0.05, p < 0.01 or p < 0.001) increased after 90 min of treatment. In the presence of naloxone, an
opioid antagonist, antinociceptive response was inhibited to the morphine, EAE and EE, but it was not to HE.
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Table 4. Effects of HE, EAE and EE on the latency time of mice exposed to the hot plate test
Time after drug administration (s)
0 min
30 min
60 min
90 min
Control
Saline
6.23±0.33
6.65±0.18
6.88±0.18
7.10±0.24
50
7.92±0.80
7.82±0.42
8.80±0.45*
7.92±0.79
HE
100
8.30±1.00
8.31±1.00
10.13±0.90*** 10.29±0.48***
200
10.67±0.83 10.67±0.83*** 12.11±0.25*** 12.61±0.67***
50
6.82±0.33
6.79±0.36
7.30±0.20
6.25±0.37
EAE
100
6.34±0.38
6.94±0.35
6.97±0.38
7.89±0.22*
200
6.42±0.40
7.13±0.35
7.48±0.26*
8.06±0.27**
50
6.10±0.29
6.73±0.36
7.02±0.24
7.19±0.22
EE
100
6.15±0.36
6.86±0.35
7.07±0.35
7.57±0.26
200
6.11±0.44
7.06±0.34
7.59±0.25*
8.36±0.22***
Morphine
1
6.47±0.17 11.05±0.34*** 13.24±0.18*** 14.58±0.27***
Naloxone+Morphine
1+1
6.54±0.19
9.17±0.39*
8.82±0.38*
7.68±0.30
Naloxone+HE
1+200
6.38±0.20
9.57±0.46*
11.58±0.45*** 10.55±0.58***
Naloxone+EAE
1+200
6.40±0.34
7.05±0.36
7.27±0.29
7.47±0.19
Naloxone+EE
1+200
6.95±0.26
6.99±0.24
7.30±0.29
6.42±0.44
The data represent the mean ± S.E.M. (n = 8). *p < 0.05; **p < 0.01; ***p < 0.001 vs. control group after ANOVA followed of StudentNewman-Keuls’ test. HF: Hexane extract; EAE: Ethyl acetate extract; EE: Ethanol extract.
Groups

Dose (mg/kg)

Effects on edema induced by carrageenan
Dose of 200 mg/kg of EAE inhibited the paw edema in 11.94% (p < 0.05) after 2 hours of carrageenan application
(Figure 2B). In Figure 2, 3 hours after carrageenan injection, doses of 100 and 200 mg/kg of EAE and EE
significantly (p < 0.01 or p < 0.001) reduced the paw edema when compared with control group (Figures 2B and
2C). The anti-inflammatory effect was also observed at time of 4 hours after treatment with HE, EAE and EE. As
expected, indomethacin, a nonsteroidal anti-inflammatory, was active against the paw edema (Figure 2).
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Volume of hind paw (mL)

1.2

Control (Saline)
EE (50 mg/kg)
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Figure 2. Effects of HE (A), EAE (B) and EE (C) on the rat paw edema induced by carrageenan
The data represent the mean ± S.E.M. (n = 6). *p < 0.05; **p < 0.01; ***p < 0.001 vs. control group after ANOVA followed by Student
Newman-Keuls’ test. HF: Hexane extract; EAE: Ethyl acetate extract; EE: Ethanol extract.

The phytochemical screening of HF, EAE and EE indicated the presence of terpenes, sterols, coumarins, flavonoids
and tannins, which is consistent with the chemical profile described for E. uniflora [13,15-17, 19, 21]. In addition,
Table 1 shows that the variation of the total phenolic and flavonoid contents in the extracts was influenced by the
polarity of solvent, since hexane is able to remove terpenes, steroids and coumarins, while free flavonoids, tannins
and phenolic compounds are extracted with ethyl acetate [33]. Glycosylated flavonoids and tannins are separated by
the ethanol action [33]. Our results also revealed that the flavonoid content of EE was higher than that found in the
leaves [16]. These constituents, as well as tannins, triterpenoids, essential oils and other secondary metabolites, have
been reported with actions against oxidative, nociceptive and inflammatory mechanisms [22-23, 34], which can give
explanation for the traditional use of E. uniflora [11-12].
The extracts from E. Uniflora branches showed a promising antioxidant effect, which were able to inhibit the stable
radical DPPH and chelate iron (Table 2). This effect can be related to the presence of phenolic compounds, since
that EAE presented a higher total phenolic flavonoid contents that correlate with EC50, confirming literature findings
[16]. In addition, phenolic compounds exhibit mechanism against these radicals [22-23], and this action can also
justify the inhibition of signaling pathways that modulate pain and inflammation [35]. The antioxidant activity can
be associated with other components as essential oil from leaves, which it was active against the DPPH and FRAP
assays [15].
One aspect to be considered on E. uniflora is the use in popular medicine for the treatment of inflammation and
rheumatic pain [11]. According to our findings (Figure 1), HE, EAE and EE reduced the writhing induced by acetic
acid proving to be important products for use as antinociceptive agent. This effect may be due to the presence of
different constituents that decreased the response characterized by twisting of the trunk and extension of the hind
limbs [29]. A similar result was shown by Amorim et al. [13] using essential oil (sesquiterpenes as the major
compounds) and isolated terpenoids from E. uniflora leaves. Considering the nociceptive mechanisms, the
nociceptive response can be produced by activation of acetic acid-sensitive ion channels and transient receptor
potential vanilloid 1 (TRPV1) located at primary afferent pathways [36] and, the acetic acid induces a release of
TNF-α, interleukin 1β and interleukin 8 [37], prostanoids and bradykinin [38]. Under these aspects, our results
revealed a dose-dependent effect after treatment with HE, EAE and EE (Figure 1) that may include central and/or
peripherical actions.
Based on data in Table 3, HE, EAE and EE produced significant inhibition in both phases of formalin-induced pain.
However, HE caused a dose-dependent promising effect after oral application. The formalin promotes a local tissue
injury to the paw producing tonic and inflammation pain characterized by a biphasic response called first
(neurogenic) and second (inflammatory) phases [30]. In the first phase, immediately after intraplantar application,
the formalin produces an intense pain by direct stimulation of nociceptors for 5 minutes with release of substance P
and bradykinin [30]. The second phase occurs between 15 and 30 minutes after formalin injection and involves the
formation of inflammatory mediators (histamine, serotonin, prostaglandin, bradykinin, TNF-α and IL-1β) [39].
Opioid drugs (as morphine) inhibit both phases, while steroidal and nonsteroidal anti-inflammatory agents (aspirin,
oxyphenbutazone, hydrocortisone and dexamethasone) have actions against the second phase [30], [39]. Our

1060

Orlando Vieira de Sousa et al
J. Chem. Pharm. Res., 2016, 8(8):1054-1062
_____________________________________________________________________________
findings showed that HE, as well as EAE and EE, decreased both phases confirming the results of the writhing test.
In this sense, the action of these extracts justifies the traditional use of E. uniflora and the mechanism may involve
the inhibition of central pain and inflammation pathways.
As shown in the first phase of the formalin test (Table 3), HE, EAE and EE promoted a central antinociceptive effect
that could be confirmed by hot plate assay, which is a selective method able to screen centrally acting opiate
analgesic drugs [40]. Our results showed a pronounced activity from 2 hours after administration of HE
corroborating the study described by Amorim et al. [13], which attributed to essential oil (sesquiterpenes) and
isolated terpenoids this central action. In hot plate test, the thermal stimulus induces paw licking and jumping and is
associated with the activation of TRPV and propagation of the action potential by nociceptive pathways [41].
According to the presented data (Table 4), the oral treatment with HE, EAE and EE exerts a central action, confirms
the results of the first phase of formalin test. Our results also showed that the naloxone did not revert the
antinociceptive effect of HE (Table 4). Probably, other inhibitory pathways are contributing for this effect.
Our results showed a possible anti-inflammatory effect of HE, EAE and EE using formalin test, which is consistent
with data described by Schapoval et al. [14] and with the traditional use for inflammation and rheumatism [11]. To
confirm this hypothesis, the anti-inflammatory effect of HE, EAE and EE was evaluated using the carrageenaninduced paw edema model. The carrageenan produces three phases involving different mediators [32]: 1st phase (1–
2 h, serotonin and histamine), 2nd phase (kinins) and 3rd phase (3–5 h, prostaglandins) [42]. Among the tested
extracts, EAE provided a better effect, which was observed from 2 hours after carrageenan application. Probably,
EAE contains compounds (flavonoids, for example) that are able to inhibit the generation of mediators such as
histamine, serotonin and prostaglandins, demonstrating a spectrum of action against different inflammation
pathways. In addition, the lower expression of anti-inflammatory activity of HE may be due to its potent
antinociceptive action that decreased both phases of the formalin test with similar action to opioids. Therefore, our
results indicate that HE, EAE and EE present actions against inflammatory mediators and are an important
implement for the development of anti-inflammatory products.
CONCLUSION
The results showed that the extracts from E. uniflora branches have antioxidant, analgesic and anti-inflammatory
effects, which can justify the traditional uses of this species. In addition, E. uniflora can be an active source of
bioactive substances, representing promising targets for future medicines.
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