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a  b  s  t  r a  c t

Laetia  suaveolens  (Poepp.)  Benth.,  Salicaceae, popularly  known  as  “casinga-cheirosa”, “caferana”,  or

“laranjinha”,  is native  to  Brazil  but  not  endemic  to this  country. A  crude  organic extract was obtained

from  the  leaves and  stem  and  intraperitoneally  administered  in  male  Balb-c mice.  Its behavioral  effects

were  evaluated  in the  open  field and elevated plus  maze  in a two-stage  experiment  that  assessed  ten

different  parameters related to  behavior  as locomotion,  emotionality,  and anxiety.  In  the  first  stage of

the  experiment,  intraperitoneal  the  crude organic extract administration  dose-dependently  impaired

locomotion  and  emotionality  30–120 min  after  administration.  A significant  decrease  in  defecation  was

observed,  which  was related to  emotionality. No  alterations  in the  elevated plus  maze were found;  thus,

this  apparatus  was not used in the  next  stage of the  experiment.  In  the  second  stage, the previously  deter-

mined  non-lethal  dose of  0.1563  g/kg  was intraperitoneally  administered,  which  impaired  locomotion

and  rearing frequency and  increased immobility  time.  Necropsy  revealed  smooth  intestine hemorrhage.

Rutin,  leucoside,  nicotiflorin,  guaijaverin,  and astragalin  were  isolated  from the  crude  organic extract.

This  is the  first  time that  these  compounds  have been  identified  in L.  suaveolens. In  conclusion,  the  crude

organic  extract impaired  locomotion  and  emotionality  and  caused hemorrhage  in male  Balb-c  mice,  indi-

cating  that  its  consumption  can  be  harmful  to humans  and  animals.  The present  results  provide  a basis

for  further studies  on the  pharmacology,  toxicology,  and  natural  product  chemistry  of the  crude organic

extract.

© 2015 Sociedade  Brasileira  de  Farmacognosia.  Published  by  Elsevier Editora Ltda.  All  rights  reserved.

Introduction

Laetia suaveolens (Poepp.) Benth. belongs to the Salicaceae fam-

ily. It is  popularly known as “casinga-cheirosa”, “caferana”, or

“laranjinha” in Brazil (Gama et al., 2007). Although native to Brazil,

it is not endemic to  this country (Boletim Museu Paraense Emilio

Goeldi, 2013). It  is widely distributed in  South America, especially

Brazil, Bolivia, Colombia, Venezuela, Guyana, and Peru. Accord-

ing to the Missouri Botanical Garden, its basyonim is Samydia

suaveolens Poepp., but it may  also be known as Casinga suave-

olens Griseb. ex Benth., Guidonia calophylla Kuntze, G. suaveolens

∗ Corresponding author.

E-mail: extractlab@unip.br (I.B. Suffredini).

Kuntze, L. calophylla Eichler, and S. petiolaris Spruce ex Eichler. In

the present study, we adopted the nomenclature proposed by the

Missouri Botanical Garden (2014). L. suaveolens is  also popularly

known as yutubanco-del-bajo in  Spanish Amazonia (Revilla, 2002)

and is commonly used in construction. The first reports on this

species indicated that an  organic extract that was obtained from

the leaves and stem of L. suaveolens (designated EB719) showed

cytotoxic activity (30.05% lethality in relation to cell growth con-

trol) against prostate cancer cell lines (Suffredini et  al., 2006) and

squamous cell carcinoma (Ozi et al., 2011). The effects of  EB719 on

general activity, including an analysis of 27 parameters related to

the central nervous system, autonomic nervous system, and senso-

rial and psychomotor systems, were previously reported, and seven

molecules contained in this species were described (Estork et  al.,

2014).

http://dx.doi.org/10.1016/j.bjp.2015.10.004

0102-695X/© 2015 Sociedade Brasileira de Farmacognosia. Published by  Elsevier Editora Ltda. All rights reserved.
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In the present study, we further evaluated the behavioral effects

of EB719 in male Balb-c mice, as it has never been done before and

no further information could be retained from popular uses. We

also identified five molecules in  L. suaveolens that were not reported

previously.

Materials and methods

Plant  material

The leaves and stem of Laetia suaveolens (Poepp.) Benth., Sali-

caceae, were collected in  the Brazilian Amazon rain forest under

Brazilian government licenses (no. CGen/MMA#12A/2008 and no.

MMA/ICMBio/SISBIO#14895). The collection was made in  the sur-

rounding area of Manaus city (Lat 2◦58′, Long 60◦26′), Amazonas,

in a seasonally flooded forest from Rio Negro Basin (Igapó forest).

A voucher specimen was deposited at the UNIP Herbarium [A.A.

Oliveira, 3383 (UNIP)], collected in April/1999, including voucher

specimens for the first and second collections [M.B.P., 3093 (UNIP)],

collected in March/2009, and [M.B.P., 3203 (UNIP)], collected in

March/2010, respectively. EB719 was obtained by maceration as

previously described (Suffredini et al., 2007).

Preparation of extract and diazepam for administration

The technique for preparing EB719 for administration in ani-

mals was described elsewhere (Gusmão et al., 2013b; Estork et al.,

2014). Briefly, plant material was subjected to 24 h maceration with

dichloromethane:methanol (1:1). The solvents were removed by

rotary evaporation, and the extract was kept in a freezer until use.

The extracts were dissolved in almond oil, which was  also used as

the vehicle control. Diazepam (Hipolabor; lot no. AO011/11; valid-

ity: 10/13; concentration, 5 mg/ml; injectable medication) was

administered at a dose of 1 mg/kg.

Animals

Adult male Balb-c mice (Mus  musculus), weighing 19–23 g,

were obtained from the Animal Facilities of São Paulo Univer-

sity. After arrival in  the laboratory, the animals were randomly

selected, individually marked, and housed in groups of five in

isolated polypropylene cages (38 cm ×  32 cm × 16 cm)  under con-

trolled temperature (21 ± 2 ◦C) and humidity (55–60%). Artificial

lighting was provided (12 h/12 h light/dark cycle, lights on at

8 am), with free access to Nuvilab rodent chow (Nuvital Com-

pany, São  Paulo, Brazil) and an unlimited supply of filtered water.

The experiments began one week after the mice arrived in  the

laboratory, allowing for adaptation to the new environmental

conditions. The animals were fasted for 1 h before receiving the

treatments. The animals were observed for toxic responses. If

lethality occurred during the period of observation, then necropsy

was performed. If the animals survived until the end of the 14

day observation period, then they were humanely euthanized

in a CO2 gas chamber according to  Ethics Committee directives.

The euthanized animals also underwent necropsy, and individual

records of the necropsy were kept. All of the experiments received

Ethics Committee approval (CEP/ICS/UNIP 025/08, February 12,

2009).

Open field

An  open field (OF) was used to assess the effects of the extract on

emotionality and motility and constructed according to Broadhurst

(1960). The apparatus was adapted to the size of mice. Emotional-

ity can be defined as the observable behavioral and physiological

components of mice emotion, yet to be used in  behavioral studies

for  both humans and animals. When studies are made in animals,

OF is one of the recommended apparatus to evaluate emotional-

ity. The OF  apparatus was a circular wooden box (40 cm diameter,

50 cm height) with an open top and floor divided into 19 squares.

Illumination (400 lx) was provided by a 100 W lamp at the floor of

the apparatus. Each animal was individually placed in  the center

of the OF arena, and the parameters were measured in  five 5-

min periods: 10–15 min, 30–35 min, 60–65 min, 120–125 min, and

180–185 min  after extract administration. Hand-operated coun-

ters were used to count locomotion frequency (i.e., the number

of squares crossed with all four paws), rearing frequency (i.e.,

one unit of rearing corresponded to  a  standing position on the

hindlimbs, with the trunk perpendicular to  the floor, head tilted

up, and forelimbs in the air, either touching or not touching the

walls of the arena), and the number of fecal boli at the end of

the session. A chronometer was used to measure the duration

of immobility (i.e., the total time in seconds without sponta-

neous movements, when the head, trunk, and limbs were still)

and duration of grooming (i.e., the total time of washing move-

ments over the head, licking the paws and fur, and tail/genital

cleaning). To minimize the possible influence of circadian changes

on behavior in  the OF, control and experimental animals were

alternated. The device was  cleaned with a 5% alcohol/water solu-

tion before placing the animals in it to  eliminate possible bias

caused by odors left by previous animals. The experimental sessions

began at 1:00 pm and ended before 5:00 pm to prevent circadian

influences.

Elevated plus maze

The  elevated plus maze (EPM) was first conceived by  British

psychologist Sheila Handley’s group as a model to evaluate anx-

iety, and it is  one of the most used apparatus for that purpose

(Lapiz-Bluhm et  al., 2008). The EPM was  made of wood and had

two open arms (23.5 cm × 8 cm)  and two closed arms of the same

size with 20 cm high walls. The apparatus was  elevated 80 cm

above the floor. It was located in a sound-proof room with a 100 W

lamp at the floor of apparatus that provided 400 lx illumination.

Two behaviors are readily noticeable in the EPM: avoidance of

the open arms while staying in  the closed arm and escape from

an open arm directly to  a  closed arm (Pinheiro et al., 2007). In

the present study, the apparatus was used to assess anxiety-like

behavior in the first stage of the experiment. The animals were

tested in  the EPM after being tested in the OF. Exploratory behav-

ior was  defined as the number of entries into the closed arms

and number of crosses in the central area of  the apparatus. The

animals were first placed in  the center of the maze, which was

previously cleaned with 5% alcohol. The number of open-arm and

closed-arm entries, time spent in  each arm, and number central

area crossings were measured. Observations were made in five 5-

min  sessions: 15–20 min, 35–40 min, 65–70 min, 125–130 min, and

185–190 min  after extract administration. Because reexposure to

the EPM may  represent spatial memory of an anxiolytic/anxiogenic

condition, the mice were observed in the remained sessions

(Onodera et al., 1998; Miyazaki et al., 1995; Sharma and Kulkarni,

1992).

Experimental design

To  investigate the effects of EB719 on the behavioral phenotype

of mice, a two-stage experiment was performed. In the first stage,

the mice were divided into four groups: vehicle group, 0.625 g/kg

EB719 treatment group, 0.3125 g/kg EB719 treatment group, and

0.1563 g/kg EB719 treatment group. The ability of EB719 to  cause

alterations in behavioral phenotype after i.p. administration was

assessed in stage 1 with a  reduced number of animals (n =  3 per
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Scheme 1.  Fractionation of crude organic extract EB719, obtained from the leaves and stem of Laetia suaveolens.

group). Assessments in the OF and EPM were performed imme-

diately after assessing general behavioral changes (Gusmão et al.,

2013a). Stage 1 of the experiment began with administration of

0.625 g/kg EB719 in  a  group of three animals. The mice were

observed for general behavioral activity in the OF and EPM and

death. Because death occurred in  the group of mice that received

the higher dose of EB719, a  half-fold dilution was subsequently

administered in a  second group of animals, and the observations

were made again. This procedure was repeated until a  non-lethal

dose (NLD) was determined, defined as the dose that caused no

death in mice after i.p. administration. In the second stage of the

experiment, the NLD was administered i.p. in  ten male mice that

were divided into four groups: naive, vehicle (almond oil) control,

diazepam, and NLD. The animals were again subjected to  behavioral

observations. To avoid circadian influences on the experimental

results, the assays began at 1 pm and ended before 5 pm.  All  of the

mice underwent necropsy after they died.

Statistical analysis

The  results were analyzed using two-way repeated-measures

analysis of variance (ANOVA; Zar, 1999) followed by the Bonferroni

post  hoc test. The statistical analysis was performed using GraphPad

Prism 5.0 software. Values of p <  0.05 were considered statistically

significant.

Extract fractionation and compound identification

The following techniques were used for chemical

isolation: liquid–liquid partition (LLP), analytical liquid

chromatography–diode array dispositive (LC–DAD), and semi-

preparative liquid chromatography coupled with ultraviolet

spectrophotometer (LC–UV) as described elsewhere (Estork

et al., 2014). In the present work, the fractionation of fraction

Fr15%ACNRBuOH, obtained from the FBuOH LLP-fraction of EB719

(Scheme 1) is described. Using the semi-preparative LC–UV

technique, Fr15%ACNRBuOH was fractionated to yield eleven

fractions, which were analyzed by  LC–DAD. From fraction II,

3-O-caffeoylquinic (6) acid was  isolated. From fraction IV, 5-O-

feruloylquinic acid (7) was  isolated. From fraction VI, hyperoside

(9) was isolated. From fraction VII, isoquercitrin (8) was isolated.

These four molecules (Scheme 1) were identified by hydrogen

and carbon nuclear magnetic resonance (1H  NMR  and 13C NMR,
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respectively) analyses and high-performance liquid chromatogra-

phy/electron spray ionization-mass spectrometry (HPLC/ESI-MSn)

as described elsewhere (Estork et al.,  2014). Fractions V (18.6 mg)

and VIII (27.7 mg)  were also analyzed by 1H NMR, 13C NMR, and

HPLC/ESI-MSn,  and the results are presented herein.

The 1H  NMR  and 13C NMR  spectra of fraction V showed chemical

shifts that corresponded to a  mixture of the following flavonoids:

quercetin-3-O-rhamnopyranosyl-(1 → 6)-glucopyranoside (1)

(Yang et al., 2011), also called rutin or quercetin 3-O-rutinoside,

kaempferol-3-O-xylopyranosyl-(1 → 6)-glucopyranoside (2)

(Hubner et al., 1999; Chung and Lee, 2012), also called

leucoside or kaempferol 3-O-sambubioside, and kaempferol-

3-O-rhamnopyranosyl-(1 → 6)-glucopyranoside (3) (Olennikov

et al., 2012; Lee et al., 2010), also called nicotiflorin or kaempferol

3-O-rutinoside. The ESI-mass spectra of fraction V in  negative

ion mode showed three peaks at 7.6 min  that corresponded to

molecular ions [M−H]− at m/z 609.2, 579.2, and 369 and three

peaks at 7.7 min  that corresponded to molecular ions [M−H]− at

m/z 593.2, 567.3, and 413.2. Further investigation of the ion at

m/z 609.2 (1) in  the LC–MS2 experiment yielded several fragment

ions at m/z 591.1, 463, 342.9, 300.9, 270.9, 254.9, and 179.1. The

daughter ion at m/z 591.1 directly originated from the parent ion

at m/z 609.2 by the loss of H2O [M−H-H2O]−. The ion at m/z 463

was produced from the neutral loss of a rhamnose [M−H-Rham]−,

which was in  agreement with previous data (Cuyckens and Claeys,

2004). The ion at m/z 342.9 was produced by cross-ring cleavages

of the glucose residue [M−H-Rham-120], which was  also in

agreement with the literature (Cuyckens and Claeys, 2004; Shi

et al., 2007). The additional loss of 162 (glucose) or direct loss of

the rutinose residue resulted in the aglycone quercetin ion at m/z

300.9 [M−H-Rham-Glc]−.  These data were also in agreement with

the literature (Cuyckens and Claeys, 2004). The ion at m/z 270.9

was produced by  the loss of CH2O from aglycone [M−H-Rham-

Glc-CH2O]−, and the ion at m/z 254.9 was produced by the loss of

the H2O and CO from aglycone [M−H-Rham-Glc-H2O-CO]−. These

findings were in full agreement with the results of a  previous

study (Cuyckens and Claeys, 2004). The ion at m/z 179 differed by

a mass of 122 Da (neutral molecule) from its corresponding ion of

aglycone (m/z 300.9), which is  also consistent with the literature

(Chen et al.,  2002). The LC–MS2 investigations of the ion at m/z

579.2 (2) yielded several fragment ions at m/z 447, 356.9, 326.9,

284.9, 255.0, 200.1, and 169.5. The daughter ion at m/z 447 was

produced directly from its parent ion at m/z 579.2 by the neutral

loss of xylose (132 Da) [M−H-Xyl]−, which was also consistent

with previous data (Abu-Reidah et al., 2012). The ions at m/z 356.9

and 326.9 were produced by cross-ring cleavages of the glucose

residue by  the loss of [M−H-Xyl-90]− and [M−H-Xyl-120]−,

respectively, which was in agreement with the literature (Chen

et al., 2002). The additional loss of 162 (glucose) or direct loss of

the sambubioside residue resulted in the aglycone kaempferol

ion at m/z 284.9 [M−H-Xyl-Glc]−,  which was consistent with the

literature (Abu-Reidah et al., 2012). The ion at m/z 255 differed by

a mass of 30 Da (neutral molecule) from its related ion of aglycone

(m/z 284.9), which was consistent with the literature (Ye et al.,

2005). Further LC–MS2 investigation of the ion at m/z 593.2 (3)

showed several ion fragments at m/z 447, 428.9, 326.9, 284.9, and

254.9. The ion at m/z 447 was produced directly from the parent

ion at m/z 593.2 by  the neutral loss of rhamnose [M−H-Rham]−.

The ion at m/z 428.9 was generated by the loss of  neutral molecules

of rhamnose and water [M−H-Rham-H2O]−,  and the ion at m/z

326.9 was produced by  cross-ring cleavages of the glucose residue,

which was in agreement with the literature (Cuyckens and Claeys,

2004; Shi et  al., 2007). The additional loss of 162 (glucose) or direct

loss of the rutinose residue resulted in the aglycone kaempferol

ion at m/z 284.9 [M−H-Rham-Glc]−,  which was  consistent with

the literature (Cuyckens et al., 2001). The ion at m/z 254.9 differed

by  a  mass of 30 Da (neutral molecule) from the ion of aglycone (m/z

284.9), which was  consistent with the literature (Ye  et al., 2005).

The 1H  NMR and 13C NMR  spectra of fraction VIII showed

chemical shifts of the flavonoid mixture: quercetin 3-O-arabinose

or guaijaverin (4) (Yoshida et  al., 1992; Prabu et al., 2006) and

kaempferol 3-O-glucoside (5) or astragalin (Demirezer et al., 2006;

Yang et al.,  2005). The ESI-mass spectra of fraction VIII in nega-

tive ion mode showed three peaks at 8.8 min of the molecular ions

[M−H]− at m/z 867.2, 447.1, and 433. Further LC–MS2 investigation

of the ion at m/z 867.2 yielded two fragment ions at m/z 432.9 and

300.9, indicating that it corresponded to the molecular ion of the

dimer [2M−H]− from the compound with a  molecular ion at m/z

433 [M−H]−. The LC–MS2 analysis of the ion at m/z 433  yielded sev-

eral fragment ions at m/z 342.9, 300.9, and 179. The ion at m/z 342.9

was produced by cross-ring cleavages of the glucose residue [M−H-

Rham-90], which was  in agreement with the literature (Cuyckens

and Claeys, 2004). An additional neutral loss of 132 (arabinose, neu-

tral molecule) resulted in the aglycone quercetin ion at m/z 300.9

[M−H-Ara]−, which was also consistent with the literature (Prabu

et al., 2006). The LC–MS2 analysis of  the ion at m/z 447.1 revealed

fragment ions at m/z 431.9, 401.9, 357, 326.9, 283.9, and 255. The

ions at m/z 431.9 and 401.9 were produced by  the loss of  15 and

45 Da, respectively. The ions at m/z 357 and 326.9 were produced by

cross-ring cleavages of the glucose residue (loss of 90 and 120 Da,

respectively), which was  consistent with the literature (Cuyckens

and Claeys, 2004). The mass spectra showed abundantions at m/z

284.9 and 283.9 as the base peak through fission of the glycosidic

bond to form an aglycone ion (m/z 284.9) [M−H-Glc]− and radi-

cal aglycone ion (m/z 283.9) [M−H-Glc-H]− by hemolytic cleavage,

respectively, which were also in  agreement with the literature (Kite

and Veitch, 2009). The ion at m/z 283.9 was the precursor of the ion

at m/z 255 [M−H-Glc-H-CO-H]− (Ablajan et al., 2006).

The presence of 4-O-caffeoylquinic acid (6), 5-O-feruoylquinic

acid (7), and isoquercitrin (8) was also found, although these results

were reported previously (Estork et al., 2014).

Results and discussion

In  the first stage of the behavioral phenotyping, we  evalu-

ated various parameters in the OF  and EPM. The OF results are

shown in  Fig. 1 (n = 3, ntotal = 12). Locomotion frequency (Fig. 1A)

was influenced by  the treatment, which accounted for 31.12% of

the total variance (F3,8 =  15.06, p < 0.01), and time accounted for

32.37% of the total variance (F4,32 = 15.52, p <  0.001). The inter-

action between time and treatment accounted for 14.30% of the

total variance (F12,32 =  2.29, p <  0.05). Thirty minutes after EB719

administration, a significant dose- and time-dependent decrease

in locomotion was  observed at all three concentrations tested.

A significant reduction of locomotion was observed 30–120 min

after i.p. administration of 0.625 g/kg EB719 (p < 0.05 at 30 min;

p <  0.01 at 60 min; p  <  0.001 at 120 min) compared with the control

group. The immobility time results (Fig. 1B) showed a  significant

effect of time, which accounted for 29.13% of the total variance

(F4,32 = 9.66, p  <  0.001), but no effect of treatment was found, with

no interaction between time and treatment. Although no signifi-

cant differences were obtained, a tendency toward immobilization

was observed in  mice 30–120 min  after i.p. administration of  EB719.

The differences in rearing frequency were not significant (p >  0.05;

Fig. 1C), although a tendency was observed in the animals’ stay-

ing more frequently in a  standing position after administration

of the smaller dose of EB719; the opposite was  observed after

administration of the higher dose. The different doses of EB719

accounted for 41.35% of the total variance in  grooming (F3,8 =  10.21,

p <  0.01; Fig. 2A), and the interaction between treatment and time

accounted for 21.66% of the total variance (F12,32 =  2.87, p < 0.01).
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Fig. 1. Effects of intraperitoneal administration of different doses of EB719, the organic extract obtained from Laetia suaveolens, in male mice in the open field in stage 1  of

the  experiment. (A) Locomotion frequency (mean ± standard error). (B) Immobility time (mean ± standard error). (C) Rearing frequency (mean ±  standard error). *p < 0.05,

**p  < 0.01, ***p < 0.001, vehicle control group compared with the three treatment groups (two-way repeated-measures ANOVA followed by Bonferroni post hoc test).

Time did not have a  significant effect (p >  0.05). Grooming decreased

in mice that received 0.625 g/kg EB719 60 min  after administra-

tion (p <  0.01). In mice that  received 0.625 and 0.3125 g/kg EB719,

grooming decreased 120 min  after administration (p < 0.05). In

mice that received 0.625 g/kg EB719, grooming decreased 180 min

after administration (p <  0.05). Treatment accounted for 31.98% of

the total variance in defecation (F3,8 =  14.04, p <  0.01), and time

accounted for 14.98% of the total variance (F4,32 = 4.55, p  <  0.01).

The interaction between treatment and time accounted for 20.65%

of the total variance (F12,32 =  2.09, p < 0.05; Fig. 2B). A signifi-

cant decrease in defecation was observed in  mice that received

0.625 g/kg (p < 0.001) and 0.3125 g/kg (p <  0.001) EB719 60 min after

i.p. administration.

No significant differences were observed in the EPM in the

first session that evaluated anxiolytic/anxiogenic-like effects or

remaining sessions that evaluated learning/memory in  an anxi-

olytic/anxiogenic context (Supplemental Fig. S1) in the first stage

of the experiment.

In  the second stage of the experiment, the NLD of 0.1563 g/kg

was administered i.p. in  male mice, and the animals were eval-

uated in  the OF. Treatment accounted for 19.24% of  the total

variance in the analysis of rearing frequency (F3,28 = 4.29, p  < 0.05;

Fig. 3A). Time did not significantly influence the total variance

(0.55%). The interaction between treatment and time accounted

for 11.99% of the total variance (F12,112 =  4.20, p  <  0.001). The first

observation that occurred 10 min  after treatment showed that

the group that received diazepam exhibited a behavioral pheno-

type that was statistically identical to the naive control group

(p > 0.05), whereas the vehicle control group exhibited a decrease

in rearing compared with the naive control group (p <  0.05). EB719
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Fig. 2. Effects of intraperitoneal administration of different doses of EB719, the organic extract obtained from Laetia suaveolens, in male mice in the open field in stage 1

of the experiment. (A) Grooming (mean ± standard error). (B) Defecation (mean ± standard error). *p < 0.05, **p <  0.01, ***p < 0.001, vehicle control group compared with the

three treatment groups (two-way repeated-measures ANOVA followed by Bonferroni post hoc test).

administration decreased rearing frequency compared with the

naive group 10 min  (p <  0.05) and 180 min  (p <  0.01) after admin-

istration compared with the diazepam group (p <  0.05). The

immobility time data showed that treatment accounted for 18.52%

of the total variance (F3,28 =  5.89, p  <  0.01), and time accounted

for 4.55% of the total variance (F4,112 = 4.54, p  <  0.01). The inter-

action between treatment and time accounted for 17.24% of the

total variance (F12,112 = 5.74, p < 0.001). EB719 clearly increased

immobility time (Fig. 3B) compared with the naive control group

120 min  (p < 0.05) and 180 min  (p <  0.001) after i.p. administration

and compared with the vehicle control group at the same time

points (p < 0.01 and p < 0.001, respectively). Treatment accounted

for 17.87% of the total variance (F3,28 =  6.62, p  <  0.01) in  locomo-

tion frequency (Fig. 3C), and time accounted for 18.26% of the

total variance (F4,112 = 20.96, p < 0.001). The interaction between

treatment and time accounted for 10.72% of the total variance

(F12,112 =  4.10, p < 0.001). EB719 decreased locomotion compared

with the vehicle control group 10 min  (p < 0.01), 120 min  (p <  0.05),

and 180 min  (p <  0.01) after administration and compared with

the naive control group 180 min  after administration (p <  0.05).

For grooming, treatment accounted for 12.07% of the total vari-

ance (F3,28 =  5.10, p  <  0.01), and the interaction between treatment

and time accounted for 13.49% of the total variance (F12,112 =  2.65,

p < 0.01; Fig. 3D). The animals that received EB719 exhibited an

increase in  grooming compared with the animals that received

diazepam 30 min  after i.p. administration. For  defecation, treat-

ment accounted for 14.67% of the total variance (F3,28 =  8.83,

p < 0.001), and the interaction between treatment and time

accounted for 12.65% of the total variance (F12,112 =  2.11, p  <  0.05;

Fig. 3E). Naive control animals accounted for most of the differences

in this parameter, particularly the decrease in  fecal boli 30 min

(p  <  0.001) and 120 min  (p <  0.05) after i.p. EB719 administration

and 30 min  after diazepam administration (p <  0.001).

The EPM test was not performed in the second stage of the

experiment because no significant differences were observed in  the

first stage.

The  crude organic extract of L. suaveolens (EB719) was pre-

viously reported to be  cytotoxic against prostate cancer cells

(Suffredini et al., 2006) and squamous cell carcinoma (Ozi et  al.,

2011), and its influence on general behavior was also evaluated

(Estork et al., 2014). To complement the initial reports on the

pharmacological and chemical profiles of EB719, the present study

further investigated the effects of EB719 on the behavioral phe-

notype of male Balb-c mice. We also identified five flavonoids

in L. suaveolens that were not reported previously. Intraperi-

toneal EB719 administration significantly impaired locomotion,

with effects that were similar to  diazepam but significantly dif-

ferent from the vehicle control, with the exception of the first

observation 10 min  after extract administration. Animals that  are

evaluated in the OF tend to  exhibit an increase in locomotion fre-

quency when they are first exposed to  the apparatus, and such

behavior was  observed in the vehicle control group in the second

stage of  the experiment. A significant increase in immobility time

was observed in the group that received EB719 35 min after admin-

istration. A  decrease in  rearing frequency and increase in grooming

were observed 30 min  after EB719 administration. Defecation was

also influenced by  EB719, reflecting emotionality in the mice.

Necropsy was  performed in  animals that died after EB719 adminis-

tration. Extensive reddish areas with hemorrhage and consequent

bleeding were observed in the small intestine endothelium, which

may be the likely reason for death. The ingestion of some plants can

cause bleeding. Reports on leaf  extracts of Gingko biloba showed
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Fig. 3. Effects of intraperitoneal administration of  the non-lethal dose of EB719, the  organic extract obtained from Laetia suaveolens, in male mice in the open field in stage

2 of the experiment. (A) Rearing frequency (mean ± standard error). (B) Immobility time (mean ± standard error). (C) Locomotion frequency (mean ± standard error). (D)

Grooming (mean ± standard error). (E) Defecation (mean ± standard error). *p  <  0.05, **p <  0.01, ***p < 0.001, vehicle control group, diazepam control group, and naive control

group compared with non-lethal dose group (two-way repeated-measures ANOVA followed by  Bonferroni post hoc test).

that they caused hemorrhage (Koch, 2005), in addition to other

plant species (Moro et al.,  2001). Considering the impairments

in locomotion and emotionality and the fact that intraperitoneal

administration of an organic extract of casinga-cheirosa can cause

hemorrhage, its use as a popular medicine may  be harmful and

should be avoided.

Five  flavonoids were isolated from EB719: rutin, leucoside,

nicotiflorin, guaijaverin, and astragalin. No studies have reported

the influence of these flavonoids on hemorrhage. Nonetheless,

some of these compounds, such as rutin, are well known as

vascular protective agents that act by reducing capillary perme-

ability, reverting its fragility, maybe by  an anti-thrombotic activity

(Gryglewski et al., 1987). Such activity was not  observed in  animals

that died, which may  be attributable to other as-yet-unidentified

compounds in EB719 that may  have interfered with hemorrhage.

Rutin was shown to interfere with the activity of racemic war-

farin when they were concomitantly administered, reducing its

coagulant  effect by decreasing the elimination half-life of one

specific enantiomer (Chan et al., 2009). Studies of plants and phe-

nolic compounds with antithrombolytic and antiplatelet activity

have recently been performed, particularly to evaluate their use

as nutritional supplements in  menopausal women and in some

cardiovascular conditions by targeting plasma coagulation factors

(Bijak et al., 2014a,b) or fibrinogen (Chen et al.,  2013; Rios et  al.,

2008). Although indicative, no one of the five flavonoids that was

isolated from L. suaveolens were indicated as antithrombolytic or

antiplatelet active, in any of the articles.

EB719 interfered with locomotion and emotionality in male

mice after i.p. administration, but its effects on anxiety-like behav-

ior and spatial learning in the EPM were inconclusive. The mode

of action of EB719 on behavior cannot be  directly compared with

diazepam because smooth intestine hemorrhage was observed and

may have been the main reason for the decrease in locomotion and

emotionality.
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Conclusions

Intraperitoneal EB719 administration influenced the behavioral

phenotype of male Balb-c mice by impairing locomotion and emo-

tionality. EB719 also exerted a  strong effect on the smooth intestine,

causing hemorrhage. Rutin, leucoside, nicotiflorin, guaijaverin, and

astragalin were isolated from EB719, which were not previously

identified in L. suaveolens.Ethical disclosures
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