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ARTICLE INFO ABSTRACT
Edited by Dr. A.M. Tsatsaka The biological and pharmacological properties of natural polyphenols of the extract of Euterpe oleracea stone
(EEOS) are associated with the central nervous system (CNS). To investigate the sedative and myorelaxant ac-
Keywords: tivity of EEOS in vivo, this study aimed to present the myorelaxant and sedative effects of EEOS in Wistar rats
Sedative using spontaneous locomotor activity and motor electrophysiology. A total of 108 animals were used in the
Myorelaxant following experiments: a) behavioral tests (n = 27); b) electromyographic recordings of skeletal muscle (n = 27);
EMG . e . . - . .
ECG ¢) respiratory muscle activity recordings (n = 27); d) cardiac muscle activity recordings (n = 27). The behavioral

characteristics were measured according to the latency time of onset, the transient loss of posture reflex and
maximum muscle relaxation. Electrodes were implanted in the gastrocnemius muscle and in the tenth intercostal
space for electromyographic (EMG) signal capture to record muscle contraction, and in the D2 lead for elec-
trocardiogram acquisition. After using the 300 mg/kg dose of EEOS intraperitoneally, a myorelaxant activity
exhibited a lower frequency of contractility with an amplitude pattern of low and short duration at gastrocne-
mius muscle and intercostal muscle, which clearly describes a myorelaxant activity and changes in cardiac ac-
tivity. The present report is so far the first study to demonstrate the myorelaxant activity of this extract,
indicating an alternative route for acai stone valorization and its application in pharmaceutical fields.

Euterpe oleracea

1. Introduction important source for the development of new bioactive compounds [1].
The palm Euterpe oleracea Martius, family Arecaceae, known as acai

Different bioactive compounds have been investigated in recent de- palm, produces fruit at global production of 1.1 M tons in the Eastern
cades as new therapeutic tools for myorelaxation and sedation with a Amazon basin (Brazil). The entire market is focused on the juice and
focus on products that are naturally present in human food or folk derivatives prepared with pulp and water. The juice was extensively
medicine. The biodiversity in the Amazon region represents an studied because of its richness in antioxidants, primarily phenolic

Abbreviations: EEOS, extract of E. oleracea stone; EMG, electromyographic; GABA,, y-aminobutyric acid type A; CNS, Central Nervous System; mg GAE/g DE,
milligrams of gallic acid equivalents per gram of dried extract; mg MRE/g DE, miligrams of myricetin-3-O-a-L-thamnopyranoside equivalents per gram of dried
extract; DMACA, p-dimethylaminocinnamaldehyde; mg CAE/g DE, milligrams of catechin equivalents per gram of dried extract; mg CE/g DE, milligrams of cyanidin
equivalents per gram of dried extract; HPLC, High Performance Liquid Chromatography; ESI-IT-MS, Electrospray ionization Ion-Trap Mass spectrometry; EMGs,
electromyographs; ACB, abdominal-costal breathing; DZP, diazepam; RC, Respiratory Control; RPR, Rhythmic and Profound Respiration; RD, respiratory depression.
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compounds and tocopherols. Notably, the stone represents approxi-
mately 85 % of the drupe weight, and little is known about these stones.
The hydroalcoholic or aqueous extract of acai stone [2] is characterized
by phenolic acids, flavones, flavonols, and proanthocyanidins. The latter
group consists exclusively of (epi)catechin units called procyanidins,
which are the most abundant type of proanthocyanidins in plants. The
oligomeric form, as tetramers, is the most abundant compound in acai
stone extract, and procyanidin trimers are the most predominant.
However, the bioactive compounds of extract of Euterpe oleracea stone
(EEOS) in myorelaxant activity are not known.

Previous studies have demonstrated that the hydroalcoholic extract
of acai stone, which is rich in polymeric forms of proanthocyanidins,
exhibited important vasodilatory [3], antihypertensive [4], antioxidant
[5], anti-inflammatory [6] and antinociceptive activities in experi-
mental animals of acute and neuropathic pain [7].

Flavonoids are low molecular weight compounds that are present in
all higher plants. More than 10,000 structurally distinct flavonoids have
been described to date [8]. The biological and pharmacological prop-
erties of part of the phenolic compounds may occur via binding to
y-aminobutyric acid type A (GABA,) receptors in the central nervous
system (CNS), which led to the hypothesis that these compounds act as
benzodiazepine-like molecules. This hypothesis is supported by the
behavioral effects of these compounds in animal models, such as
myorelaxation, anxiety, sedation and convulsion [9-12].

Benzodiazepines, cyclobenzaprine and thiocolchicoside are exam-
ples of myorelaxing drugs that can be used for various pathologies that
involve pain due to persistent muscle tension [13-15], i.e., these agents
induce muscle relaxation [14,16,17] which may be therapeutically
desirable.

Acai stones are generally wasted as a byproduct of acai juice pro-
duction. Still, they may possess an added value via the extraction of new
bioactive compounds, which may be useful in food and pharmaceutical
industries [2].

The present study is the first report to describe the myorelaxant and
sedative effects of Euterpe oleracea stone in Wistar rats using sponta-
neous locomotor activity, motor and cardiac electrophysiology and
provide further information on the bioactive compounds in this extract.

2. Materials and methods
2.1. Animals and ethical aspects

Male Wistar rats (160-200 g) of ten weeks were maintained in a
controlled environment (25 + 2 °C; 12 h light/dark cycle) with access to
food and water ad libitum. A total of 108 animals were used, divided into
four experiments: a) behavioral tests (n = 27); b) electromyographic
recordings (n = 27); ¢) Electromyography of the intercostal musculature
(n = 27) and d) Electrocardiogram (n = 27). All experimental proced-
ures were approved by the Committee for Ethics in Experimental
Research with Animals of Universidade Federal do Para (Brazil; license
n° 1089220518) and followed the guidelines suggested by the NIH
Guide for the Care and Use of Laboratory Animals. All efforts were made
to reduce the number of animals and minimize animal suffering.

2.2. Preparation of the extract of Euterpe oleracea stone

Euterpe oleracea fruits were obtained from a local market (Belém,
Pard, Brazil). The State of Para is the largest national producer of agai,
producing 112,676 tons/year of the fruit with 1,439,249 tons in 2018
[18]. Of this total, 93,521 (83 %) tons/year is residue (stones). The
residue of commercial juice was used to obtain the extract in our model.
Acai stones (100 g) were washed with water and dried for 24 h at 105 °C.
Stones were ground using a hammer mill shredder to a granular con-
sistency (16 mesh). The extraction was made with 200 mL ethanol,
shaken for 2 h, and stored in dark bottles at 4 °C for 10 days. After the
maceration period, the ethanolic extract of pulverized acai stones was
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filtered through Whatman paper n°1 filter and rotoevaporated under
low pressure at 40 °C. The dried extract was frozen at -20 °C until use.
The average extract production yield was 300 mg dried extract from 35
mL ethanolic extract.

2.3. Determination of phenolic compounds of EEOS

The total phenolic content was determined using the Folin-Ciocalteu
colorimetric method [19] and expressed as milligrams of gallic acid
equivalents per gram of dried extract (mg GAE/g DE) [20].

Flavonols were quantified using aluminum chloride assay as
described by [21]. The results are expressed as mg myr-
icetin-3-O-a-L.-thamnopyranoside equivalents (mg MRE/g DE).

Flavanol content was determined using p-dimethylaminocinna-
maldehyde (DMACA) according to the protocol proposed by Delcour
and Varebeke [22]. The results are expressed as mg catechin equivalents
(mg CAE/g DE).

Proanthocyanidins (condensed tannins) were measured at 555 nm
after hydrolysis with n-butanol/HCI (2 h, 90 °C) according to [23]. The
results are expressed as mg cyanidin equivalents (mg CE/g DE).

2.4. Chromatographic analysis (LC-ESI-IT-MS/MS)

The extract was analyzed using a Shimadzu Prominence liquid
chromatography system with two Shimadzu LC-20AD automatic
injector (SIL-20A HT) pumps. A C18 Phenomenex Gemini (250 x 4.6
mm - 5 pm) column was used in the analyses. The mobile phase was
acidified ultrapure water (0.1 % HCOOH) and HPLC grade methanol,
also acidified (0.1 % HCOOH), at a flow rate of 1.0 mL/min, with the
methanol gradient increasing as follows: 0 % methanol in 0-5 min; 0 %—
10 % methanol in 5—40 min; 10 %-14.5 % methanol in 40—45 min; 19
%-55 % methanol in 55—65 min and 55 %-80 % methanol in 65—66
min. The injection volume was 20.0 pL. The LC was coupled to a mass
spectrometer (Amazon X, Bruker, Massachusetts, USA) equipped with
electrospray ionization (ESI) and an ion-trap (IT) type analyzer in
negative mode, under the following conditions: 5 kV capillary voltage,
capillary temperature 325 °C, entrainment gas (N2) flow 12 L/min, ni-
trogen nebulizer pressure at 10 psi. The acquisition range was m/z
100-1500, with two or more events. The chemical composition were
identified based on the molecule fragmentation pattern and compared
with mass spectral data available in Mass Bank database.

2.5. Behavioral characterization of animals after administration of EEOS

The dried acai stone extract was solubilized with distilled water (100
mg/mL) and filtered through a 0.22-pm PVDF filter before injection.
Three groups of animals were used for this experiment (n = 9 for each
group). A previous study [6] used 300 mg/kg per animal. Therefore, we
evaluated the effects of 200 (n = 9), 300(n = 9) and 400 (n = 9) mg/kg
intraperitoneal doses (for each group) of EEOS according to the latency
time of onset. The behavioral characteristics measured were the tran-
sient loss of posture reflex and maximum muscle relaxation.

2.6. Electromyographic recordings (EMG)

Conjugated electrodes were implanted in the gastrocnemius muscle
for electromyographic (EMG) signal capture, and each electrode was
0.01 mm in diameter. The electrodes were connected to a data acqui-
sition system, which was composed of a high impedance amplifier (Grass
Technologies, P511) and monitored using an oscilloscope (Protek,
6510). The data were scanned continuously at a rate of 1 KHz by a
computer equipped with a data acquisition board (National Instruments,
Austin, TX). Data were stored on a hard disk and processed using
specialized software (LabVIEW express). The entire experiment was
performed inside a Faraday cage.

The control group (n = 9) received the volume equally at the dose of



N.A. Muto et al.

0.9 % saline solution i.p., the EEOS group was injected at 300 mg/kg
intraperitoneally, and EMG recordings were obtained for 5 min for each
animal (n = 9). A positive control group of 5 mg/kg diazepam was used
for comparison (n = 9). Conjugated electrodes were also positioned in
the tenth intercostal space to record muscle contraction during observed
respiratory movement characteristics: Control (n = 9), EEOS (n = 9) and
DZP (n = 9).

2.7. Electrocardiographic recordings (ECG)

The electrodes were inserted following the vector in lead D2, as
described by [24]. After administration of 300 mg/kg of EEOS i.p. a total
time of 10 min according to the latency time of onset, then the records
were made at lasted 5 min for each animal, following analyzes of:
Amplitude (mV), Heart rate (bpm), RR interval, PQ interval, QT interval
and QRS duration.

2.8. Electrophysiological data analysis

A tool was built to analyze the acquired signals using Python lan-
guage version 2.7. The Numpy and Scipy libraries were used for math-
ematical processing, and the Matplolib library was used for graphics.
The graphical interface was developed using the PyQt4 library [25].

2.9. Statistical analysis

Statistical analysis was performed using GraphPad Prism software
(version 8.0). Parametric data from electromyographs (EMGs) were
analyzed using ANOVA followed by Tukey’s post hoc test, and the re-
sults are expressed as the means + standard error of the mean (S.E.M).
Differences in analyses were considered significant for p values <0.05.

3. Results
3.1. Bioactive compounds of the extract of Euterpe oleracea stone

The content of total polyphenols in 1 g dried EEOS was 25.12 mg
GAE/g DE as evaluated using the Folin-Ciocalteu method [23]. The
contents of flavanols, flavonols and condensed tannins were 9.048 mg
CAE, 0.258 mg MRE, and 9.798 mg CE per g DE, respectively.

HPLC analysis showed high levels of caffeic acid, procyanidin,
catechin as the major compounds, followed by polymeric proantho-
cyanidins, cinnamtannin and other phenolic compounds (Fig. 1 and
Table 1). The chemical characterization identified by molecule frag-
mentation pattern compared with mass spectral data showed 21 major
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Table 1
Compounds obtained after chemical characterization of extract of Euterpe oler-
acea stone analyzed by HPLC-ESI-IT/MS.

ID  Retention [M- Ms™ Compound
Time (min) H]™
1 3.3 683 341; 179 Caffeic acid hexoxide dimer
2 30.5 879 865; 695; 577; 2-Procyanidin dimer
407; 287 digallate (A-type)
3 32.0 577 425; 289 Proanthocyanidin B2
4 32.0 1155 577; 425; 289 Procyanidin tetramer
5 32.8 1153 983; 863; 739; Procyanidin tetramer-B-
575; 499; 289 type
6 34.0 865 695; 577; 407; Procyanidin trimer
289
7 34.3 579 289 Cathechin dimer
8 35.1 865 847; 695; 577; Procyanidin trimer
432; 289
9 35.9 865 727; 695; 575; Procyanidin trimer
287
10 36.6 1153 1027; 983; 863; Procyanidin tetramer-B-
739; 576; 289 type
11 36.8 865 695; 577; 289 Procyanidin trimer
12 382 720 575; 289 Procyanidin trimer-B-type
C-glycosylated
13  38.4 865 720; 695; 577; Procyanidin trimer-B-type
287
14 39.1 865 577; 287 Procyanidin trimer-B-type
C-glycosylated
15  40.4 720 635; 576; 287 Procyanidin trimer-B-type
C-glycosylated
16 41.8 727 642; 577; 287 Procyanidin trimer-B-type
O-gallate
17 42.4 720 865; 635; 575; Procyanidin trimer-B-type
287 C-glycosylated
18 46.5 865 720; 575; 289 Procyanidin trimer
19 47.8 865 720; 575; 289 Procyanidin trimer
20 48.6 865 720; 451; 289 Procyanidin trimer
21 50.6 865 577; 425; 289 Procyanidin trimer

# Fragment ions.

compounds (Supplementary Figs. S1-S21).

3.2. Intraperitoneal administration of EEOS alters spontaneous locomotor
activity

IP administrations of 200, 300 and 400 mg of EEOS/kg produced
abdominal writhing in all animals, which was characterized by
momentary pain after the injection, followed by decreased motility,
myorelaxation, animal somnolence, and deep and rhythmic breathing.
An increased time of drug exposure accentuated respiratory depression

Intens. 3
x107 4

— 36127 -ECEO_1-92_01_4198.d: BPC-All MS

0 10 20 30

40 50 60 70 Time [min]

Fig. 1. Negative ion HPLC/ESI-IT-MS analysis of compounds present in extract of Euterpe oleracea stone.
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as characterized by abdominal-costal breathing. All doses tested were
effective based on the appearance of the behavioral characteristic of
respiratory depression, as indicated in Table 2. A transient loss of
posture reflex behavior was observed at 300 and 400 mg/kg, and a dose-
dependent effect was observed on duration (Table 2). A dose-dependent
effect on behavior was observed. Animals that received lower doses
recovered normal box-field exploration more quickly than animals that
received higher doses. The transient loss of posture reflex was the choice
for minimal dose-effect, i.e., 300 mg/kg with a latency time of 842.10 +
46.39 s. There was no effect of transient loss of posture reflex following
oral administration in rats. In contrast, the intraperitoneal administra-
tion produced sedative effects and prolonged the elimination phase.

Our behavioral evaluation and electrical recordings were useful and
objective tools to verify alterations in neuronal excitability in control
and EEOS-treated rats.

3.3. Intraperitoneal administration of EEOS caused myorelaxation and
respiratory depression

The electromyographic recordings showed contraction of the
gastrocnemius muscle in control animals, with a higher frequency and
duration of contractions, which can be seen in the spectrogram of
Fig. 2A. Lower frequencies of contractility were observed in animals that
received EEOS (Fig. 2B) and diazepam (Fig. 2C). The contractions
exhibited low amplitudes and short contraction durations, which clearly
indicate myorelaxant activity in the gastrocnemius muscle.

The amplitude graph accumulated up to 50 Hz in Fig. 3A shows a
difference in amplitude between the contractions of the gastrocnemius
muscle between the groups. EMG exhibited average amplitudes of 3.506
+0.6895, 1.073 + 0.1033, and 0.6305 + 0.2076 mV>2/Hz x 102 for the
control, EEOS and diazepam groups, respectively (Fig. 3A). A statisti-
cally significant difference between the EEOS and DZP groups was
observed compared to the control group [F(2, 24) = 122.3; P < 0.0001].

The longest and largest amplitude contractions recorded were 7.406
+ 4.134 mV2/Hz x 1072 for the control electromyograms and 2.886 +
1.003 mV? /Hz x 10" for EEOS-treated rats during average contraction
power, which were significantly different from the control group [F(2,
24) = 13.41; P = 0.0001]. The diazepam group (1.676 + 0.5216 mv2/
Hz x 10~%) was not significantly different from the EEOS group (Fig. 3B).

The intercostal muscle EMG recordings demonstrated that the
amplitude of regular traces indicated normal respiration, and the normal
respiratory rate was 73.78 + 7.53 contractions per min (Fig. 4A). The
latency for the appearance of the behavioral characteristic of deep and
rhythmic respiratory rate was 312.10 + 24.76 s. The animals exhibited a
significant increase (P < 0.001) in the frequency of contraction of the
intercostal muscle during this phase, with an average of 97.22 + 5.99
contractions per min (Fig. 4B). The onset of respiratory depression
occurred with a latency of 645.70 + 50.56 s and an average of 48 + 5.0
contractions per min, which were significantly different compared to the
control group during deep and rhythmic breathing behavior (Fig. 4C and
D) [F(3, 32) = 135.5; P < 0.0001].

This method produces minimal damage and is sufficiently sensitive
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to identify differences in muscle contractions (characterized by
increased frequencies and/or amplitude of waves) that cannot be
quantified solely with behavioral observation.

A characteristic behavioral trait of a deep and rhythmic respiratory
rate in EEOQS-treated rats may present depressed activity of the CNS
during intercostals muscle contraction (Fig. 5).

3.4. Intraperitoneal administration of EEOS caused changes in the
electrocardiographic tracing

The rat ECG record (lead D2) demonstrated an intense activity where
all deflagrations were observed, the P- wave, QRS complex and T-wave
(Fig. 6). In the expansion of the record, the evaluation data is shown:
Amplitude (mV), Heart rate (BPM), R-R interval (s), QRS duration (s), Q-
T interval (s) and P-Q interval (s). These parameters demonstrated
cardiac functionality for the control group (Fig. 6C) with subsequent
comparison with the EEOS (Fig. 7C) and DZP (Fig. 7F) groups.

The electrocardiographic record (lead D2) after the administration of
EEOS, represented in the tracing of Fig. 7A, showed irregularities in the
outbreaks that can be better observed in Fig. 7 B and C. However, the
sinus rhythm with variation in the amplitude of the QRS heart rate that
indicates important changes for the analysis of the drug’s action on
cardiac function.

After applying the DZP, little variation occurred (lead D2), main-
taining sinus rhythm and normal frequency (Fig. 7D-F).

The analysis of the electrocardiographic data showed that the
administration of EEOS caused a decrease in heart rate. The mean heart
rate for the control group was 298.7 + 18.28 (BPM), there was no sta-
tistical difference for the DZP group (286.7 + 6708 BPM), these groups
maintained statistical difference for the EEOS group with an average of
239.6 + 17.60 (BPM) [F (2, 24) = 38.27 P < 0.0001] (Fig. 8A).

The amplitude of the electrocardiographic record was changed by
the administration of the EEOS (0.4449 + 0.1130 mV) and maintained a
statistical difference for the control groups (0.6897 + 0.03157 mV) and
treated with DZP (0.6268 + 0.06540 mV) [F (2, 24) =24.18 P < 0.0001]
(Fig. 8B).

The evaluation of R-R intervals showed an increase of the intervals
and higher irregularity in the time of appearance of the R wave in the
group treated with EEOS (0.2669 + 0.02125s). It showed a statistical
difference for the group treated with DZP (0.1947 + 0.001349s) and the
control group (0.1876 + 0.005841 s) [F (2, 24) = 106.5 P < 0.0001]
(Fig. 8C).

For the PQ interval that demonstrates atrial depolarization and the
first deflagration of the QRS complex, there were no statistical differ-
ences between the groups, presenting means for the control group
(0.04963 + 0.007285 s), EEOS (0.04728 + 0.007285 s) and DZP
(0.04911 + 0.002472s) [F (2, 24) = 0.4627, P = 0.6351] (Fig. 8D).

QRS duration indicates the speed of ventricular contraction, this
parameter after EEOS administration decreased, demonstrating that the
QRS complex happens more quickly. Thus, after applying the EEOS, the
average was 0.007511 + 0.001144s, showing statistical difference for
the control group (0.01032 + 0.001242s) and DZP (0.009333 =+

Table 2
Latency in seconds in behavioral alterations after EEOS administration at different doses for the evaluation of myorelaxation.
Doses (mg/kg) Decreased Myorelaxation  Deep and rhythmic Somnolence Respiratory depression Transient loss of posture Return
Motility breathing (ACB*) reflex
200 365.7 + 27.59 413.7 £18.30  454.6 = 11.52 501.6 + 788.6 £ 90.58 - 3047 + 306.1
11.30
300 218.4 +15.27 275.2 £10.59  312.1 + 24.76 344.0 + 645.0 + 50.56 842.1 + 46.39 4404 £ 276.0
23.93
400 133.0 + 16.01 151.0 £15.94 176.9 £11.85 209.4 + 253.9 +19.13 384.1 + 34.70 8596 + 600.2
20.20
DZP (5 mg/kg i. 54.89 + 11.16 1049 +£11.69 - 170.6 + 333.3+17.11 398.9 +16.30 10,959 +
p) 11.42 193.9

" ACB: Abdominal-costal breathing.

832



N.A. Muto et al.

Toxicology Reports 8 (2021) 829-838

0.

it

Amplitude (V)
Amplitude {wt)

100 150

Time (s)

200 300

2

|

Loy
of 1
W

| iyt
a1 N
10 u | i L
108 109 110 11T 112 113 114 115 %] . l‘s“!‘ “ 1‘00

Time (s)

Frequency (Hz)
» N
8 &

— -
S - -
— = S
= ===
| Jenke |
P O
G kS 3% &G
-

150 200 25¢
Time (s)

1

Amplitude (1}
Amplitude (1)

2
-3

w
S

Frequency (Hz)

0.8
0.6
0.4 i ‘
|
02
0.0 »
-0.2 L
—0.4] 1
50 100 200 250 300

0.65

150
Time (s)

E)
Time

) 150
Time (s)

0.6}
0.4]

e

Ll r y

Amplitude (mV)
Amplitude (1)

0.2]

o IS 1S O B

w
S

N
S

50 100 200 250 300 52

150
Time (s)

56

£ L
Time (s} 1

0

15
Time (s)

Fig. 2. Electromyogram (EMG) of gastrocnemius muscle contraction. Records of control animals (A), after 300 mg/kg EEOS and (B), after 5 mg/kg diazepam (DZP)

© @m=9.

Amplitude mV 2/Hz X 102

Power mV 2 /Hz X 107

-
[3,]
1

-
o
1

L3
1

o
1
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contraction registers (B). (***) Statistical difference for the control group; after ANOVA followed by Tukey’s test (p < 0.05, n = 9).

0.0008261 s) [F (2, 24) = 15.50, P < 0.0001] (Fig. 8E).

The cycle of ventricular activity observed at the time of depolariza-
tion represented by the QRS complex and repolarization with the T-
wave, demonstrates the time it takes the heart to depolarize and repo-
larize. After analyzing the Q-T interval, there was no statistical differ-
ence between the groups, but there was a wide variation in the interval
means for the EEOS group (0.0370 + 0.01130s), control (0.03262 +
0.002382s) and DZP (0.03582 + 0.002566s) [F (2.24) = 0.9897, P =
0.3864] (Fig. 8F).

4. Discussion
Despite the importance of bioprospection of EEOS, many in vivo aspects

after injection are poorly understood. The present study showed that EEOS
exerted sedative and myorelaxation effects in rats, demonstrated by
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behavioral evaluation and electromyographic records.

Extracts of E. oleracea stone have been shown to have antioxidant
and anti-inflammatory properties [3,5]. The antioxidant capacity of acai
stones seems to be associated with an anticonvulsant action because of
high phenolic compound contents, such as flavones, proanthocyanidins
(procyanidins), which are the main bioactive compounds in acai stone
extracts [6,2]. More attention must be paid to the nature and abundance
of proanthocyanidins to understand their absorption, metabolism,
circulating forms and bioactivity at target sites. For instance, previous
studies associated neuro- and nefroprotective effect of grape seed
proanthocyanidin extract against thalidomide and carboplatin (chemo-
therapeutic agents) through modulation of inflammation and minimi-
zation of oxidative stress [26], and gastroprotective activity in stomach
ulcer induced by indomethacin with Byrsonima sericea extract [27].

Polyphenolic compounds, such as flavonoids, e.g., rutin and quercetin,
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produce anti-inflammatory [28,29], analgesic [7], and antioxidant [5]
effects. Other flavonoids may impact animal models of sedation and
myorelaxation. For example, Azevedo et al. [30] showed that rutin and
quercetin prevented mechanical and thermal nociceptive-induced re-
sponses in oxaliplatin-induced neuropathic pain in rats via mediation of
oxidative stress-induced damage. Other bioactive drugs that include
flavonoid glycosides, such as rutin, quercitrin, isoquercitrin, goodyerin,
and quercetin-3-O-(6"-feruloyl)-p-p-galactopyranoside, produced a
depressant action on the CNS of rats following systemic administration
[31].

An early study [32] investigated the acute intraperitoneal adminis-
tration of a proanthocyanidin-rich fraction isolated from the bark of
Croton celtidifolius (Euphorbiaceae). The neurobehavioral effects in rats
included decreased spontaneous locomotor activity because of the pu-
tative existence of hypnosedative, anticonvulsant and anxiolytic
compounds.

The myorelaxant effects of plant extracts are explained based on
their anxiolytic and sedative properties, the influence on neuro-
receptors, and the modulation of neurotropic factors [12]. Ligand
binding to the alpha-2 agonist, glycine, GABA, receptor complex exerts
numerous pharmacological actions, such as muscle relaxation, sedation
[17,33,34]. Chloride ion flux conductance through this channel inhibits
the firing of new action potentials, which attenuate the inhibition that
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reduces changes in membrane excitability, as well as the decrease in
noradrenergic conduction at the locus coeruleus causes myorelaxation
[11,34].

The present study showed differences in EEOS-treated rats with
respect to deep and rhythmic breathing behaviors that were not
described previously. Many anesthetic drugs enhance opioid effects on
respiratory depression. Drugs that are considered respiratory
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depressants, such as propofol, sevoflurane, and midazolam, are agonists
of GABA receptors and antagonists of NMDA receptors and exhibit ad-
ditive or synergistic effects on respiration when combined with opioids
[35].

Respiratory depression is associated with many physiological effects,
including pain, stress response, appetite, and thermoregulation, which
are modulated by endogenous opioid receptors of CNS. Ligand binding
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for the EEOS group [ANOVA and Tukey’s test (P < 0.05, n = 9).

to opioid receptors activates inhibitory intracellular pathways that lead
to the closing of voltage-sensitive calcium channels, the stimulation of
potassium efflux, and a reduction in cyclic adenosine monophosphate
(cAMP) production. These intracellular changes lead to reduced
neuronal excitability [35].

The differential effects on breathing control rhythm are suggestive of
numerous potential therapeutic targets with different neuronal func-
tions. Our results showed strong sedative and muscle relaxant effects.
The response induced by the EEOS suggests further investigation to
elucidate the underlying mechanisms that trigger myorelaxation after its
administration, suggesting several routes of action such as: agonist ac-
tivity for GABA, Glycine, alpha-2 adrenergic receptors [17,33,34,36,
37]. The molecular mechanism to the myorelaxant effects of EEOS is
unknown. Further studies are needed to fully answer this question.

These results are more remarkable when we compared the new
therapeutic tool with a classical drug, such as benzodiazepines and
Alpha 2 agonist [38]. The sedative and myorelaxant effect of EEOS is
particularly important considering the amount of stone produced in the
acai chain of production. Therefore, the residues abundant in acai,
which is a common palm that exhibits widespread distribution in the
Amazon, may be an essential finding for further research on bio-
therapeutic resources that are abundantly accessible but neglected.

ECG recording can check drug effects on the heart through electrical
signal changes, providing important insights into functional and struc-
tural characteristics [24,39]. In the current study, the EEOS caused
changes in the rats’ heart rate, in their amplitudes and the wave
intervals.

In rodents, most studies use a limb II shunt that is sufficient for the
general analysis of ECG parameters [24,40]. The traits analyzed can
vary due to several factors, including the use of drugs and toxic agents,
being a pharmacological tool of great utility when assessing the heart’s
function as a functional biomarker [24,41].

According to the electrocardiographic recording (lead D2), there
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were irregularities in the QRS amplitudes; this complex is responsible for
the time propagation of depolarization through the ventricles [39].
These oscillations may occur during the amplitudes in supraventricular
arrhythmias or left ventricular hypertrophy [39,42].

Bradycardia was observed after the administration of EEOS. This
phenomenon can be caused due to the interaction of the extract com-
ponents with the cardiac tissue modifying its automaticity. However,
they can be linked to other levels of control, such as baroreceptors or
chemoreceptors associated with the solitary nucleus tract (NTS) [43,44].

The increase in R-R intervals and their greater irregularity suggest
that there was a longer expiration time [45,46], which is in accordance
with the respiratory data presented, due to muscle relaxation.

The Q-T intervals represent the depolarization and repolarization
time of the ventricular cardiomyocytes [39,47]. This parameter in-
dicates disturbances in the electrical activity of the heart, therefore, it
has been considered a useful indicator of drug cardiotoxicity [39]. The
results of the EEOS extract showed an increase in the Q-T segment,
increasing the interval of the ventricular cardiac cycle, which resulted in
bradycardia, but the rhythm was sinus.

Several intervention studies have investigated the cardiovascular
protective effects of citrus flavonoid [48] and various berries, including
Euterpe oleracea [49,50]. The results from these studies suggest a posi-
tive impact of berry consumption. Referring the current study, the EEOS
also has a protective effect and could be used in patients with hyper-
tension because of its heart rate-lowering effect.

The potential application on the field of anticonvulsant and myor-
elaxant drugs or respiratory and cardiac muscle depressant drugs, relies
on further studies in isolation, purification and evaluation of efficacy/
toxicity of EEOS extract or part of it.

5. Conclusion

EEOS has myorelaxative, sedative, respiratory depressant and
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cardiac muscle depressant activity. These effects can be mediated by the
CNS. However, we do not rule out the possibility of the drug’s interac-
tion with molecular structures of the skeletal and cardiac striated mus-
cles, or even a set of effects. Thus, the precise mechanisms of EEOS
activity and the relationship between receptor subunits or other
neurotransmitter systems should be further investigated in the future.
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