December 30, 2017

_— \/ ][) harmacologyOnLine

Archives ¢ 2017 ¢ vol.3 * 91-104

PRACAXI IMPAIRS GENERAL ACTIVITY AND LOCOMOTION IN MALE MICE

lvana B. Suffredini,"” Sergio A. Frana’, Aurea M. M. Santos’, Ingrit E. C. Diaz*, Maria M.
Bernardi’

'Graduate Program in Environmental and Experimental Pathology,Graduate Program in Dentistry,
Graduate and Research Vice-Dean Office, Paulista University, R. Dr. Bacelar, 1212, Vila Clementino, Sdo
Paulo, Sdo Paulo, 04026-002, Brazil.

*Center for Research in Biodiversity, Extraction laboratory, Botany Laboratory and Herbarium UNIP,
Paulista University, Av. Paulista, 900, Bela Vista, Sdo Paulo, Sdo Paulo, 01310-100, Sdo Paulo, Sdo Paulo,
01310-100, Brazil.

3Faculty of Pharmacy, Paulista University, R. Amazonas da Silva, 737, Vila Guilherme, Sdo Paulo, Sdo
Paulo, 02051-001, Brazil.

*Facultad de Ingenieria Quimica y Textil de la Universidad Nacional de Ingenieria, Lima, Peru

*ibsuffredini@yahoo.com.br
Abstract

Pracaxi, or Pehtaclethra macroloba (Willd.) Kuntze, Fabaceae-Mimosoideae, is a medicinal plant used in Brazil
against snakebite, as healing and as insecticide. Its stem organic extract showed relevant cytotoxicity. Reports
concerning alterations in behavioral phenotype are not known, nor were compounds isolated from pracaxi stem.
Organic extract (EB827) were administered to Balb-c male mice and general behavioral changes related to motor,
sensorial and central/autonomous nervous systems were evaluated. Both 50% lethal (LD50) and non-lethal doses
(NLD) tendencies were determined. EB827 was chemically studied using partition, column chromatography and
thin layer chromatography to isolate four compounds that were H' and C” nuclear magnetic resonance analyzed.
LDso tendency was 228.25 mg/mL for EB827 and NLD was 78.1 mg/mL. Impairment in general activity was
observed, as it did in tail squeeze, response to touch, defecation, cyanosis and breath. Then, behavioral changes
in general activity, response to touch, tail squeeze, defecation and breath were observed after NLD
administration. Locomotion was diminished by the administration of EB827, as immobility time has increased, in
the open field apparatus. Necropsy showed that mice ended up with pale liver and opaque internal organs,
despite the occurrence of haemorrhage, which could have been the cause of amimals death. Friedelin,
epifriedelanol, sitosterol and stigmasterol were isolated from pracaxi stem. Behavioral phenotype after
administration of the organic extract of pracaxi was determined by the subsequent analyses proposed in the
present work, and displays the basis of further pharmacological studies. Also, four molecules were described to
occur in the stem of the plant for the first time.
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Introduction

Pehtaclethra macroloba (Willd.) Kuntze, Fabaceae-
Mimosoideae, is popularly known as pracaxi, paracaxi or
pashaco (1), in Brazil. According to this author, the plant is
widely distributed in South and Central America,
especially in Trinidad and Tobago, Costa Rica, Nicaragua,
Panama, Guyana, Suriname, Venezuela and Brazil
(http://www.ars-grin.gov/cgi-
bin/npgs/html/taxon.pl?27302). The species is popularly
used against snakebite, as healing and insecticide. Oil is
extracted from seeds to be used in both culinary and
cosmetics and the wood is used in furniture (1). Seed
extracts are being studied as insecticide, as well as
compounds that were isolated from this extract,
particularly proteins, were patented (2). Those proteins
are also tripsin inhibitors (3). Triterpenoid saponins that
occurred in the species inhibited metalloproteinase of
snake venom (4). Also, antihemorrhagic, antinucleolytic
and antiophidian properties of aqueous extract from
pracaxi were reported (5). The presence of
monodesmosidic saponins in the species has been
reported (6). Larvicidal activity and the presence of
triterpen saponins have also been assessed for the plant
(7). Chemical studies performed with other species from
the same genus show the presence of alkaloids, saponins,
flavonoids and phenolics, and a series of vitamins, as
riboflavin, niacin, and others (8).
Our group has studied the cytotoxic and antibacterial
activity of the organic and aqueous extracts (9) obtained
from the stems of P. macroloba, and results show that the
organic extract was cytotoxic to prostate cancer cell lines
(percentage of growth inhibition= -22.67%) (10). The
species has never been studied before, in terms of its
influence over behavioral phenotype, and for that reason,
new findings may support further pharmacological
assays, as it was done before for other compounds (11).
The present study aims the description of the first signs
of behavior alterations expressed by mice under
influence of EB827, which is based on the evaluation of
general activity plus 26 other parameters associated with
motor, sensorial and central/autonomous nervous
systems. Plus, parameters related to the analysis of mice
behavior and locomotion in the open field apparatus,
using the least number of animals, are also reported. In
addition, the identification of some of the non-polar
compounds is also reported.

Materials and Methods

Plant collection and extract preparation

P. macroloba (scientific synonym P. brevipila or P.
filamentosa) was collected in the Brazilian Amazon rain
forest, under Brazilian Government licenses for collecting
and bioprospecting genetic resources in protected areas
of Brazilian forests (IBAMA-CGen/MMA#012A-2008). The

studied species was collected in the surrounds of Manaus
city, state of Amazonas, in a seasonally flooded forest
from Rio Negro Basin (the so called igapd forest). The
voucher is deposited at UNIP Herbarium [A.A.Oliveira,
3481 (UNIP)].

Stem of P. macroloba was dried in air-circulating stove
(Fanem) at 40°C - temperature which is usually employed
to dry plant crude material that does not interfere in the
active compounds. Stem was ground in a hammer-mill
(Holmes), and it was subsequently placed in a glass
percolator (Kontes), where a 24h-maceration proceeded
with dichloromethane and methanol 1:1 (12) (Merk) was
made. Solvents were evaporated under vacuum (Buchii),
in order to eliminate organic solvents from the extract,
and were kept in freezer (Revco) until use. Extract was
suspended in almond oil to be administered to animals
during experiments.

Preparation of extract and reference substance to be
administered

The extract EB827 was suspended in almond oil, and
the following doses were administered: 2,500, 1,250,
625.0, 312.5, 156.3 and 78.1 mg/kg by intraperitoneal (I.P.)
route, according to the propositions of OECD 423
(Guideline for testing of chemicals.
https://ntp.niehs.nih.gov/iccvam/suppdocs/feddocs/oecd/
oecd gl423.pdf, accessed in  05/27/2016.)  with
adaptations. Almond oil was used in the extract dilution
because of the absence of toxicity (13, 14), which makes it
compatible to mammalian organisms. Diazepam
(Hipolabor; lot no. AO011/11; validity: 10/13; concentration,
5 mg/ml; injectable medication) was administered at a
dose of 1 mg/kg. The I.P. route was chosen due to need of
absence of first-pass effect for EB827, so as supposedly a
less reduction in bioavailability will occur as a result of
drug metabolites, which could interfere with behavior
changes. Also, according to Ministério da Ciéncia e
Tecnologia guidelines, I.P. route is extremely commonly
applied in rodents experimentation and can be used as it
is justified
(http://www.mct.gov.br/upd_blob/0238/238343.pdf,
assessed in 05/30/2016).

Animals

Male Balb-C mice weighing 25-30 g, obtained from Sao
Paulo University, were used. After arrival in the
laboratory, animals were housed in groups of five in
microisolators (38 x 32 x 16 cm) with controlled room
temperature (22 * 2°C), humidity (55-65%), and artificial
lighting (12 h light/12 h dark cycle, lights on at 8:00 a.m.),
and free access to Nuvilab® rodent chow (Nuvital
Company, Sdo Paulo, Brazil) and filtered water. The
experiments began one week after the mice arrived. All
the experiments done with mice were subjected to Ethic
Committee (CEP/ICS/UNIP 025/08). The experimental
delineation proposed in the present study is in
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accordance with the 3R’s principle proposed as long as 50
years ago (15; www.nc3rs.org.uk, accessed in 05/27/2016),
particularly the “reduction” proposition which in the

present study is represented by the use of the reduced
number of animals to prospect LD50 tendency, NLD and
behavioral phenotype changes analyses described as the
subsequent observation of locomotion and anxiety.

Parameters related to the refinement of evaluating
general activity

General activity and 26 other parameters were
assessed (16), with modifications (17-20). The evaluation
was made by giving scores for each of the parameters.

Locomotion and behavior alterations signs

Open field

The open field (OF) was used to assess the influence of
the extract over locomotion and emotionality. The
apparatus was built in accordance to descriptions done
elsewhere (21) and was adapted to fit mice
experimentation, as described elsewhere  (18).
Locomotion frequency, rearing frequency, immobility
time, grooming and the number of fecal boli were
assessed. Experiments were conducted according to
directions described elsewhere (17-20).

Experimental design

A two-stage experiment was conducted in order to
access tendency of lethal dose 50 (LD50) and non-lethal
dose (NLD; figure 1). Based on the OECD guideline 423
(with adaptations as described elsewhere (17-20), LD50
tendency and NLD were accessed by using a reduced
number of animals (n=3 per dose), which was in
accordance to the principles of the 3Rs (replacement,
reduction and refinement), here proposing a reduction in
the number of animals to the initial prospection of its
influence over behavior parameters, as well as
refinement of the assay, diminishing animal suffering.
Animals were observed for lethality and for alterations in
behavior in five sessions distributed by the first three
hours of experiment After that period animals were
observed each other day for the following 14 days.
Statistical analysis

Parameters observed in the general behavioral
changes prospection were based on scores ranked from
zero to four, so analysis of variance by ranks Kruskal-
Wallis followed by Dunn post test (22) was applied. In
order to organize statistical analysis of non parametric
data in relation to the five sessions (time), the scores of
each group were summed and formed a new group to be
ranked, as a previous mathematical treatment.
Micturition and defecation were analyzed by one-way
ANOVA followed by Tukey’s post-test. Analyses related to
open field apparatus parameters were done using two-
way repeated measure ANOVA followed by Bonferroni’s
post-test. All analysis were run under 0.05 significance
level (a=0.05). Statistical procedures were conducted by

the software Prism 5.0° (GraphPad Software 2010) and
the LD50 tendency curve was obtained using Finney’s
probit analysis.

Extract fractionation and isolation of compounds

Fractionation and isolation were made based on
previous reports (23). Organic extract EB827 (5g) was
solubilized in a mixture of methanol (10 mL) chloroform
(3 mL) and water (8 mL). The solubilized extract was
transferred to a glass column (2.5 cm intern diameter, 90
cm length). Then, 50 mL of chloroform were added to the
column, and as the chloroform shows a higher density
when compared to water, it passes through the polar
phase in an intimate contact eluting low polarity
substances as descending through the sample. The
procedure was again repeated. The chloroform extract
was air-evaporated, resulting in a dark brown chloroform
residue (RCHCI;) (1.53 g; 30.6% yield). Organic solvent that
remained in the aqueous phase was evaporated. The
aqueous phase was subjected to a butanol partition,
resulting in the production of a brown butanolic residue
(RBUOH) (2.56 g; 51.2% yield). The aqueous phase was
lyophilized (RH,0) (0.91 g; 18.2% yield). RCHCl; was
subjected to Sephadex LH20 column chromatography
(CC) (1 cm intern diameter, 70 cm length) with 100 mL of
hexane, 70 mL dichloromethane and 50 mL methanol as
eluents, resulting in FrHEX (462.3 mg; 30.2% yield), FrDCM
(105.5 mg; 6.9% yield) and FrMeOH (972 mg; 63.5% yield)
fractions, respectively. After that, FrHEX was then
submitted to fractionation by CC using silica gel (60-200
um particle size) and was eluted with mixtures composed
of hexane, ethyl acetate and methanol, according to
increasing polarity. From these procedures, 19 fractions
were obtained from FrHEX. All fractions were combined
according to analytical thin layer chromatographic (TLC)
similarities after visualization with 25% sulfuric acid
followed by heating. preparative TLC was used in the
purification of some fractions from FrHEX, resulting in 5.3
mg of friedelin (1), obtained from fractions 5-6, identified
by H' and C® nuclear magnetic resonance spectra, or
NMR, spectra (24, 25), 1.4 mg of epifriedelanol (2),
obtained from fractions 3-11, identified H' and C NMR
spectra (24), 18 mg of sitosterol (3) and stigmasterol (4),
obtained as a mixture from fractions 3-11 (figure 2),
identified H' and C® NMR spectra (26). A mixture of
hexane and ethyl acetate (9:1) was used in the TLC
purification of compounds.

Results
General behavioral changes evaluation

LD50 tendency calculated for EB827 was 228.25
(522.07-102.73) mg/mL, and NLD was 78.1 mg/mL. In the
first stage of the experiment, three mice were used to
prospect the alterations in behavioral phenotype caused
by EB827 using general activity plus 26 parameters
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related to general behavior changes. EB827
administration has significantly diminished general
activity (Figure 3A) in mice (H~X’.05() = 18.22; p<0.01)
after administration of doses 1,250 mg/kg, 625.0 mg/kg
and 312.5 mg/kg. Sensorial system parameters as tail

squeeze (Figure 3B) (H~X’o0s() = 22.92; P<0.001)
showed diminish in response after administration of
doses 312.5 mg/kg, 625.0 mg/kg and 2,500 mg/kg, while
response to touch (Figure 3C) (H~X0.05,(7) = 21.92; p<0.01)
were diminished after administration of doses 2,500
mg/kg down to 625.0 mg/kg. Recovery could be observed
after administration of lower doses, in both cases, when
compared to vehicle control. Corneal reflex (Figure 3E)
(H~X"0.05,(7) = 24.03; p<0.001) diminish was observed in
mice that received doses of 2, 500 mg/kg down to 625.0
mg/kg, followed by recovery at lower doses.

Motor system parameters were also altered. Body
tone (Figure 3F) (H~X’o0s(;) = 15.42; pP<0.05) has
diminished after administration of dose 2,500 mg/kg, but
no differences in relation to vehicle control were
observed for the other doses. Grip reflex (Figure 3G)
(H"’Xzo.os,(7) = 19.14; p<0.01) was also reduced after
administration of doses 2,500 mg/kg and 1,250 mg/kg, but
recover occurred after administration of the other doses.
Hindquarter fall (Figure 3H) (H~X’0.05,7) = 29.90; p<0.001)
was reduced in mice that received dose of 2,500 mg/kg,
but not observed in the other doses.

Alterations were also shown in parameters related to
autonomous nervous system (ANS), as defecation (Figure
3D) (Fesq = 6.070; X’= 0.5654;p<0.01), that has
diminished in mice receiving any dose of EB827. Lastly,
breath (Figure 31) (H~X%.05,;) = 34.00; p<0.001) decreased
in mice that received any dose of the extract. The other
parameters did not show significant alterations in relation
to vehicle control.

In the second stage of experiment,four groups were
tested:naive and control groups, NLD of EB827 and
diazepam, which was used as standard drug (figure 4).
The general activity (figure 4A) (H~Xo.0s) = 14.90;
p<0.01) and the response to touch (figure 4B) (H~X.05,4)
= 11.62; p<0.01) were decreased in mice that received
EB827 compared to naive and vehicle controls. Tail
squeeze (figure 4C) (H~X’o0s(4) = 13.17; P<0.01) was
diminished in mice that received diazepam. Defecation
(figure 4D) (Fgu9 = 3.689; X’= 0.4089;p<0.05) was
diminished in the group that received EB827. Finally,
breath (figure 4E) (H~X"0.05,(4) = 19-00; pP<0.001) was also
reduced in relation to both naive and vehicle groups and
to diazepam group. Open field evaluation

In the first stage of locomotion analysis (table 1), mice
(N=3; nw=21) were evaluated in OF apparatus. In the
analysis of locomotion frequency, treatment accounted
for 48.08% of the total variance (F ,,=5.85; p<0.01). Time
accounted for 5.71% of the total variance (F,s6=5.76;

p<0.0001), while the interaction between treatment and
time accounted for 13.13% of the total variance
((Fy456=2.21; p<0.01). Locomotion frequency significantly
has diminished after administration of doses 2,500 mg/kg
down to dose 625.0 mg/kg of EB827, and partial recovery
was also observed after administration of lower doses
(312.5 mg/kg down to 78.1 mg/kg). Observations related
to immobility time are in accordance to the locomotion
results. Treatment accounted for 29.30% of the total
variance (Fg1,=4.47; p<0.01), time accounted for 7.89% of
total variance (F,s6=4.20; p<0.01), interaction between
treatment and time accounted for 21.22% of total variance
(F.4,56=1.88; p<0.05). It is possible to observe a tendency
of diminishing immobility time in a dose-dependent way,
but the higher dose clearly highlight immobilization of
the animal. Rearing frequency is influenced only by the
interaction between treatment and time (F,;56=1.85;
p<0.05) and this condition accounted for 25.77% of the
total variance. Both treatment and time alone did not
account for variance (p>0.05). A slight increase in
grooming could be observed after 120-125 min of
administration of dose 0.3125 g/kg, where treatment
accounted for 19.37% of the variance (F,,=3.33; p<0.05)
and time accounted for 9.91% of the total variance
(F456=4.01; p<0.01). No significant differences were
observed in defecation (p>0.05). In the second stage
(table 2), it was observed that treatment has significantly
diminished locomotion frequency (F(;,5=6.63; p<0.01;
15.62% of the total variance, after adjusting for matching),
as well as time, that was extremely significant in
diminishing locomotion frequency (F,,1,=17.34; p<0.001;
11.51% of the total variance, after adjusting for matching).
It was observed that the interaction between time and
treatment accounted for 30.25% of the total variance
(F(2,112)=15-18; p<0.001). In the first section of 10-15 min,
animals that received EB827 have significantly reduced
locomotion (p<0.001), in relation to control groups. A
similar diminish in locomotion was still observed in the
second session (30-35 min; p<0.05). Animals seem to
recover locomotion one hour after having received
EB827. Immobility time supports the findings related to
locomotion. Both treatment (F(3,28)=7.33; p<0.001; 17.39%
of the total variance, after adjusting for matching) and
time (F(,1,)=18.53; p<0.01; 14.19% of the total variance,
after adjusting for matching) have significantly increased
immobility time, the interaction between treatment and
time accounted for 12.80% of the total variance
(F,1)=9-49; Pp<0.001). EB827 administration induced
immobilization in the first session (10-15 min; p<0.001),
second session (30-35 min; p<0.05) and third session
(p<o0.01), when compared to naive, vehicle controls and
diazepam, respectively. Recovery of locomotion was
observed after two hours from EB827 administration.
Meanwhile, time was not considered significant in rearing
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frequency, as was treatment (F(5,s=5.25; p<0.01; 21.48%
of the total variance, after adjusting for matching).
Interaction between time and treatment (F(12)=3-94;
p<0.001; 11.31% of the total variance). EB827 has
diminished rearing frequency when compared to
diazepam (p<0.001) and to naive control (p<0.05), in the
first and second sessions, respectively. Treatment was
not considered significant for causing alterations in
grooming (p>0.05), nonetheless, increase could be seen
after the fifth session (180-185 min; p<0.05), if compared
to diazepam. Finally, treatment was extremely significant
in diminishing defecation (F(5,5=13.83; p<0.001; 21.26% of
the total variance, after adjusting for matching) when
compared to naive control (p<0.001; first session) and
diazepam (p<o0.05; fourth and fifth sessions).
Compounds isolated from EB827

Triterpens friedelin and epifriedelanol and steroids
sitosterol and stigmasterol were isolated from the non-
polar fractions of EB827, the organic extract obtained
from the stem of Pentaclethra macroloba. This is the first
report on the occurrence of these compounds in pracaxi.
Additional remarks

Necropsy showed that all dead animals presented pale
liver and opaque internal organs, as kidneys, intestines
and abdominal cavity. A lack of hemorrhage was
observed in the animals submitted to necropsy. Latency
to death for animals receiving 2,500 mg/kg was after 360
min and before the sunrise of day 2. Dead animals that
received lower doses starting from 1,250 mg/kg had their
latency to death overnight from day 1 to day 2.

Discussion

The value obtained in the calculation of the LDs50
tendency for EB827 indicates that it can be considered as
toxic (27). The first stage of the experiment gave us a
general view of the behavioral phenotype influence over
mice that received EB827. General activity diminish was
accompanied of a diminish in response to touch, tail
squeeze, defecation, cyanosis and breath parameters in a
dose-dependent way. It was observed that the
administration of NLD EB827 reduced the general activity,
as well as response to touch, defecation and breath when
compared to both naive and vehicle controls. These
observations are in accordance with results obtained in
the first stage of experiment. Although it is premature to
determine if EB827 caused depression in central nervous
system, or even if the extract has provoked any
alterations in autonomous nervous system, as in
adrenergic or gabaergic systems, the introduction of
diazepam as a drug reference, in the second stage of
experiment, may support further pharmacological
prospections on the EB827 activity. EB827 impaired
general activity and defecation, and although diazepam

did not show statistical differences related to general
activity and to defecation, it is possible to observe a
downward bias in the group receiving diazepam, when
compared to naive and control groups. At this point, it is
important to establish if both general activity and
defecation parameters are being equally influenced by
EB827 and diazepam, and further behavioral analysis shall
be done to support this theory. According to the results
obtained in OP during the first stage of experiment, it
was observed that EB827 has impaired mice locomotion,
in a dose-dependent way, and that recovery was not
observed before three hours from extract administration,
but only after this period. Immobility time was recovered
after the third hour, when animals started developing
some kind of movement on OP. The first observations
related to behavioral phenotype in OF indicate that EB827
caused some kind of depressive-like behavior.
Observations made in the second stage of experiments
showed that non-lethal dose caused impairment in
locomotion, in OF, and recovery happened after 1 h from
EB827 administration. Immobility time has been also
observed after I.P. administration of EB827, supporting
first locomotion findings. Locomotor alterations that
occurred in both first and second stages of OF
experiment suggest that the dose-response related loss
of locomotion, as well as the recovery of locomotion
after a significant immobility period. As immobility could
have been reverted to locomotion depending on dose
and time, a suggestion of a reversible bond to
dopaminergic sites may be considered (28), yet to be
confirmed. It is «clear that more detailed
neuropharmacological assays shall be done, in order to
specify how EB827 influences behavioral phenotype.
Although some propositions are speculative so far, the
method proposed in the present work supports further
pharmacological strategies to propose new experiments
related to the pharmacological activity of EB827 over
TMA’s. Information based on the necropsied dead mice
supports better the behavioral phenotype and the cause
of mice death. During necropsy, pale livers and opaque
internal organs were observed. Maybe some component
of the extract could have led to a chemical liver failure —
which  would explain animal death - occurring
concomitantly to a systemic inflammation (29), which
could explain the alterations observed in general activity,
tail squeeze and response to touch. Liver failure can be
described as the sudden loss of hepatic function in a
person (animal) without preexisting liver diseases, and
concerning chemical induced liver failure, acetaminophen
is the responsible for 46% of the cases, in the United
States (30). In Brazil, the inadvertent use of some
medicinal plants (exotic or native) may lead to liver
failure or even other kinds of liver diseases as hepatitis.
Some of the plants are cavalinha (Teucrium chamaedrys),
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chaparral (Larrea tridentate), efedra (Ma huang), erva-de-
sdo-cristovdo (Cimicifuga racemosa), kava-kava (Piper
methysticum), poejo (Hedeoma pulegoides and Mentha
pulegium), cardo-do-visco (Atractylis gummifera), cassia-
amarela (Cassia siamea), sacaca (Croton cajucara), unha-de-
gato (Uncaria tomentosa), mde-boa (Cissampelos
fasciculata), espinheira-santa (Maytenus ilicifolia), confrei
(Symphytum officinale) and maria-mole (Senecio sp.).
Toxicity caused by the incorrect use of plants led to 1.728
cases of intoxication caused by plants, in 2002 (31).

Friedelin, epifriedelanol, sitosterol and stigmasterol
were isolated from EB827, although the alterations in
behavior here reported were not proved to be related to
any of those. Friedelin is reported to be insecticidal
against Musca domestica and Aedes albopictus (32) and
cytotoxic to breast, cervical, ovarian and blood human
cancer cell lines (33). Epifriedelanol was reported to
inhibit on adriamycin-induced cellular senescence in
human fibroblasts, which could be used in supplements
or cosmetics that modulate tissue aging or aging-
associated diseases (35). Previously, triterpen saponins
macrolobin-A and —-B were isolated from P. macroloba (4),
as well as two monodesmoside saponins (6) and
triterpen saponins (7). Friedelin, epifriedelanol, sitosterol
and stigmasterol are being reported in P. macroloba for
the first time.

Conclusions

The administration of EB827 to mice has altered
behavioral phenotype, specifically diminishing general
activity, defecation, response to touch, tail squeeze,
auricular reflex, piloerection and breath. Also, the plant
extract may have caused death due to liver failure.
Friedelin, epifriedelanol, sitosterol and stigmasterol is
being reported to occur in P. macroloba for the first time.
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Table 1. Locomotion influence observed in male mice after receiving the administration of EB827,
obtained from the stem of Pentaclethra macroloba, and exposed to open field apparatus, in the first
stage of experimentation. Two-way repeated measures ANOVA was used, as Bonferroni's post test,

considering significance if p<0.05.

Open field evaluation stage 1

Locomotion frequency

control 2,500 1,250 625 312.5 156.3 78.1
15-20 | 116.30(42.71) | 13.67(10.79) | 10.67(5.03) 18.00(12.77) 16.00(13.45) | 19.00(11.14) | 11.00(3.61)
98.67(87.96
30-35 |) 18.67(21.22) | 6.00(2.0) 24.00(33.78) 16.33(20.03) 71.33(63.01) | 67.33(9.29)
128.30(87.49 | 72.67(60.10
60-65 |91.67(69.62) | 19.67(12.66) [26.33(30.62) |46.00(22.07) |28.00(21.38) |) )
167.70(79.26 | 6.67(4.73)** 66.00(33.60)* | 126.00(74.18 | 74.00(38.94
120-125 | ) * 11.67(1.53)*** | 35.00(18.52)** [* ) )
180- |[178.70(61.34 |2.67(2.31)*** | 6.33(4.93)*** | 8.00(10.58)*** 54.00(23.81) | 87.00(59.57
185 ) * * * 41.33(25.89) [* )
Rearing frequency
control 2,500 1,250 625 312.5 156.3 78.1
15-20 | 0.00(0.00) | 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.67(0.58) 0.00(0.00)
30-35 |3.33(5.77) 0.00(0.00) 0.00(0.00) 0.33(0.58) 0.33(0.58) 2.00(2.00) 0.00(0.00)
60-65 |2.33(4.04) 0.00(0.00) 0.67(1.16) 1.00(1.73) 0.00(0.00) 6.33(5.69) 10.33(17.90)
120-125 | 7.33(7.09) 0.00(0.00) 0.00(0.00) 0.00(0.00) 1.00(1.73) 13.67(16.50) | 4.00(6.93)
180- | 20.00(20.95 0.33(0.58)*
185 |) 0.00(0.00)** | 0.00(0.00)** |0.00(0.00)** |0.00(0.00)** |1.33(1.53)** |*
Defecation
control 2,500 1,250 625 312.5 156.3 78.1
15-20 | 0.00(0.00) | 0.67(1.16) 0.00(0.00) 0.00(0.00) 0.00(0.00) 1.00(1.00) 0.00(0.00)
30-35 |0.67(0.58) [0.33(0.58) 0.00(0.00) 0.00(0.00) 0.33(0.58) 0.00(0.00) | 0.33(0.58)
60-65 |1.00(1.00) 0.00(0.00) 0.00(0.00) 1.00(1.73) 0.00(0.00) 0.00(0.00) | 0.67(1.16)
120-125 | 1.00(1.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) | 0.33(0.58)
180-
185 | 0.67(1.16) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) | 1.3(1.53)
Grooming
control 2,500 1,250 625 312.5 156.3 78.1
15-20 | 0.33(0.58) [ 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.33(0.58) 0.00(0.00) | 0.00(0.00)
30-35 |2.67(3.79) 0.00(0.00) 0.00(0.00) 0.00(0.00) 0.33(0.58) 0.33(0.58) 2.00(2.00)
60-65 | 1.00(1.00) 0.00(0.00) 0.00(0.00) 0.00(0.00) 1.67(1.52) 5.00(4.36) 0.33(0.58)
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120-125 | 1.33(0.58) 0.00(0.00) 0.33(0.58) 0.67(0.58) 8.33(3.79)* | 4.00(6.08) 1.00(1.00)
180-
185 | 3.00(2.65) 0.00(0.00) 0.00(0.00) | 0.00(0.00) |6.33(8.39) 4.00(2.00) 4.00(5.29)
immobility time
control 2,500 1,250 625 312.5 156.3 78.1
178.00(64.09 | 237.30(28.94 | 233.30(44.06 | 248.00(6.08) | 258.70(22.19) | 263.70(13.43)
15-20 |82.33(76.51)  |) ) ) * * *
216.30(45.24 216.70(111.64 | 169.30(113.18
30-35 |182.70(77.14) |) 285.70(9.29) | 253.00(51.12) |) ) 180.70(14.19)
231.30(29-94 [199.00(41.39
60-65 | 176.00(38.31) | 239.30(17.01) |) ) 250.70(27.97) | 122.70(93.39) | 203.70(77.15)
42.67(54.46)** | 206.70(45.94 | 266.70(22.03 | 161.70(114.69
120-125 | * ) ) ) 155.70(57.85) | 115.00(118.77) | 141.70(72.43)
180- 260.70(32.58 | 221.70(82.40 |216.00(40.34
185 | 91.33(67.35)* 291.30(15.01) |) ) ) 212.00(39.00) | 125.30(76.81)

Table 2. Locomotion influence after the administration of the organic extract (EB827) obtained from the
stem of Pentaclethra macroloba to male mice, in the second stage of the experiment. Two-way repeated
measures ANOVA and Bonferroni's post test were used, considering significant if p<0.05.

Open field evaluation stage 2

Locomotion frequency

NC VC EB827 DIA
15-20 129.50(29.20) 174.30(81.63) 21.00(13.00)**** 236.20(92.13)
30-35 129.50(15.26) 58.50(45.51) 9.40(12.09)*** 82.80(66.66)
60-65 124.20(17.66) 83.50(50.77) 50.20(40.33) 74.80(41.61)
120-125 124.30(19.11) 82.00(67.79) 111.00(41.30) 90.70(48.64)
180-185 127.20(22.00) 83.17(39.80) 81.60(38.63) 53.40(34.99)

Rearing frequency

NC VC EB827 DIA
15-20 22.33(17.10) 5.33(6.38) 0.00(0.00)**** 31.10(32.03)*
30-35 25.17(18.02) 2.50(4.18) 0.00(0.00)* 12.80(21.25)
60-65 20.33(11.34) 10.17(12.35) 0.30(0.68) 8.50(12.49)
120-125 18.33(8.76) 19.33(24.26) 3.90(3.45) 14.00(11.47)
180-185 23.33(8.31) 21.83(15.36) 4.20(3.23) 9.10(8.44)
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Defecation

NC VC EB827 DIA
15-20 | 1.67(1.03) 1.00(0.89) 0.10(0.32)%** 0.90(0.99)
30-35 | 0.83(0.41) 1.00(0.89) 0.00(0.00) 0.20(0.42)
60-65 |0.33(0.52) 1.00(1.10) 0.10(0.32) 0.40(0.70)
120-125 [ 1.00(0.63) 0.83(0.75) 0.10(0.32)* 1.10(0.88)
180-185 [ 0.50(0.55) | 0.83(0.98) 0.00(0.00)* 1.10(0.88)

Grooming

NC VC EB827 DIA
15-20 [21.83(13.75) |39.33(50.14) |0.40(0.84) 5.70(5.91)
30-35 |19.50(7.26) [13.67(15.57) |[1.90(5.04) 10.30(14.99)
60-65 |19.17(12.66) |10.67(8.09) |10.20(16.66) 20.70(50.83)
120-125 | 19.50(9.40) | 43.00(56.46) | 35.20(29.20) 22.60(23.81)
180-185 [ 24.83(10.94) | 34.83(30.60) | 51.40(56.42) 8.90(10.93)*

Immobility time

NC VC EB827 DIA
15-20 |38.83(26.86) | 64.67(44.53) |204.70(30.77)**** | 35.70(69.06)
30-35 | 48.17(25.21) |[191.50(65.30) | 255.00(39.71)**** | 166.50(94.85)*
60-65 |38.33(16.60) | 135.50(88.68) | 144.30(67.48)* 165.60(77.14)*
120-125 | 40.67(21.42) |89.83996.39) | 75.50(47-48) 105.90(69-34)
180-185 | 51.33(23.62) | 51.33981.36) |59.90(40.30) 144.00(74.910
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Figure 1. Experiment design used in the evaluation of behavioral changes in mice after I.P
administration of the extract made with stem of Pentaclethra macroloba EB827. GBC-general behavioral

changes; OF-open field. Sessions given in minutes.
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Figure 2. Triterpenes (friedelin 1 and epifriedelanol 2) and steroids (sitosterol 3 and stigmasterol
4) that were isolated and identified from the stem of Pentaclethra macroloba.
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Figure 3. Effect over murine (A). General activity, (B). Tail squeeze, (C). Response to touch, (D).
Defecation, (E). Corneal reflex, (F). Body tone, (G). Grip reflex, (H). Hindquarter fall and (1). breath after
administration of organic extract EB827, obtained from Pentaclethra macroloba, in stage one of the
experiment. Kruskall-Wallis statistics (n = 3; Nyotal = 21) followed by Dunn’s post test were used for all the
parameters but defecation, which was analyzed by one-way ANOVA followed by Tukey post test.
Differences among medians/means were significant if p < 0.05.
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Figure 4. Effect on male mice Balb-c (A). General activity, (B). Response to touch, (C). Tail
squeeze, (D). Defecation and (E). Breath after administration of the non-lethal dose of EB827, obtained
from Pentaclethra macroloba, in stage two of the experiment. Kruskall-Wallis statistical analysis (n = 10;
Niotal = 40) followed by Dunn’s multiple comparison tests were performed among medians, except for
defection, which was analyzed by one-way ANOVA and Tukey’s post-test, which were preformed among
means. Significances were given if p < 0.05.
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