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ABSTRACT Euterpe oleracea (EO) includes a large number of polyphenolic compounds such as phenolics, flavonoids, and

anthocyanins that have antioxidant activities. E. oleracea was suggested to ease the oxidative stress and inflammation in brain

cells. Our aim was to analyze the effects of E. oleracea on learning and memory. Seventy-two (250 – 25 g) male Wistar albino

rats were used for this study. The groups consisted of control, EO100 mg/kg, EO300 mg/kg, scopolamine 1.5 mg/kg, meca-

mylamine 7.5 mg/kg, combinations of scopolamine with EO100 mg/kg, EO300 mg/kg, and rivastigmine 1.5 mg/kg; and

mecamylamine combined with EO100 mg/kg. Before the start of the study, E. oleracea doses were provided once a day for a

period of 15 days and for a 6-day experimental period. Thirty minutes after intraperitoneal scopolamine and mecamylamine

injections, gastrogavage was applied to each group. Ninety minutes after the drug treatments, locomotor activity and Morris

water maze tests were performed. Rats were killed and each hippocampus was used for the quantification of acetylcholine

(Ach). Statistical analyses were calculated using one-way and two-way analyses of variance (ANOVA), and a value of P < .05

was considered significant. In groups EO100 mg/kg and EO300 mg/kg the results did not show any significant changes on

learning and memory compared with the control group. Mecamylamine and scopolamine enhanced the latency for the escape

platform, and decreased the time spent in escape platform quadrant when the memory tests were applied in reference to the

control value of P < .05. Scopolamine and mecamylamine combinations of EO100 mg/kg, EO300 mg/kg, and rivastigmine

were proven to improve the memory. There was significant difference between the first and fifth days of the learning tests in

all the groups, but no significant difference occurred between the groups. Ach levels in hippocampi supported all memory

tests. We suggest that E. oleracea made no alterations on learning and memory, but still improved nicotinic and muscarinic

receptor-mediated and impaired memory just as rivastigmine.
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INTRODUCTION

Learning and memory regulate essential needed basic
mental processes. Humans show mental functions un-

consciously or involuntarily in each operation. Experiences
cause and shape changes in behaviors, thus, different beha-
vioral cases occur in learning.1 Memory provides retrievals
and shows how behaviors are shaped in case of need. In-
teraction with the known information and remembering it
when it is needed are basic cycles that come up with learning
and memory processes.2 Cerebral cortex and limbic systems
are efficient in this cycle and play important roles such as
reading, recognition of the objects, cognition of a speech,
and so on.2 It also serves as a solution region for spatial

coordinates, found in the cerebral hemisphere; limbic asso-
ciation region plays an important role for motivation, emo-
tions, and behaviors.2

Euterpe oleracea (EO) extract has been studied exten-
sively as it has nutritional and phytochemical composi-
tions.3 Chemically *90 substances have been described,
which approximately consists of flavonoids (31%), phenolic
compounds4 (23%), lignoids (11%), and anthocyanins
(9%).5 It has been proved that these compounds have potent
anti-inflammatory,6,7 cardioprotective, antitumoral,8–13 and
antioxidant effects.14–16 E. oleracea extract has managed to
decrease inflammatory and oxidative damages in brain
cells.17 Studies about the compounds in E. oleracea extract
have revealed that a group of polyphenolic flavonoids could
enter the cytosol and reduce oxidative damage that is as-
sociated with inflammation within the cell.18,4 Antioxidants
have different kinds of properties such as being a free radical
scavenger, preventing many diseases.19 The in vitro evi-
dence for the potent antioxidant and anti-inflammatory
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properties of E. oleracea extract are supported by studies
conducted on humans.20 Two studies including a random-
ized, double-blind, placebo-controlled crossover study re-
ported significant reductions in lipid peroxidation in healthy
participants in ages between 19 and 52 years.4 Alzheimer’s
is the main (three-fourth of patients) and vascular disease is
the second reason for dementia.21 Dementia is characterized
by changes in behavior and decrease in daily actions and
initial learning memory and cognitive functions.22 Accord-
ing to studies, change in the number of muscarinic acetyl-
choline (Ach) receptors and decay in their activity are main
reasons for neurological diseases such as Alzheimer’s,23

Down’s syndrome, and parkinsonism.24,25 The aim of our
experiment was to detect learning and memory in rats using
E. oleracea extract, which is known for its antioxidant15 and
anti-inflammatory6 effects. In addition, contribution of Ach
muscarinic and nicotinic receptor was researched in these
effects. Scopolamine as a muscarinic receptor antagonist
and nicotinic receptor antagonist mecamylamine were used
in this study.

MATERIALS AND METHODS

Animals

Seventy-two (250 – 25 g) male (n = 8) Wistar rats were
obtained from Institutional Animal Care Facility (TICAM)
in Eskisxehir Osmangazi University (ESOGU). Animals were
kept under ambient conditions at 22–24�C and 12 h light–
12 h dark cycle for 1 week before the experiment. Pellet
diets (Rodent Diet CE-2, Turkey, Inc.) and tap water were
given to the experimental animals ad libitum. The experi-
ments were approved by the Animal Care Committees of
ESOGU (18-2-2016; 503-1).

Drugs and chemicals

E. oleracea was purchased from Mountain Fresh Herbal
Capsules, Inc., (United Kingdom). Rivastigmine was ob-
tained from Exelon, Novartis. Mecamylamine hydrochlo-
ride was purchased from Santa Cruz Biotechnology (USA).
Scopolamine hydrobromide trihydrate was purchased from
Acros Organics, ketamine and xylazine were obtained from
TICAM. Enzyme-linked immunosorbent assay (ELISA) kit
was purchased from Elabscience.

Assessment of locomotor activity

Locomotor activity was assessed using automated appa-
ratus (AMS 02 Animal Activity Monitoring system). Animals
were placed individually in clear Perspex cages (30 ·
30 · 30 cm) and the number of compliance transit cages was
recorded for the subsequent 5-min period.26,27 Activity of
locomotor was calculated on the sixth day, after 85 min the
drug was injected for all the experimental groups.

Morris water maze

Morris water maze (MWM) was used as a model for
spatial learning and memory experiments.

The MWM is a circular pool (diameter 150 cm; height
60 cm) filled with water (25�C – 1�C) that included small
blue balls.28 MWM was divided into four quadrants B, H, G,
and D, and three equally spaced points served as starting
positions around the edge of the pool. The escape platform is
located in the pool, 15 cm away from the border of the pool,
and 1 cm above the water surface during the learning fa-
miliarization session, and 1 cm below the water surface
during memory sessions. Video tracking was conducted
with a video camera focused on the full diameter of the pool.
Navigation parameters were analyzed by the Ethovision 3.1
video analysis system (version 9; Noldus Ethovision XT,
Wageningen, the Netherlands). Three important data were
evaluated with MWM: escape latency (sec) for the time
required to find the hidden platform during acquisition ses-
sions, time spent (sec) in the quadrant with platform, and the
mean distance to the platform (cm). Rats were trained in the
MWM for 5 days (familiarization session, S1, S2, S3, and
S4). As soon as a rat climbed onto the platform, trial was
stopped and escape latency was recorded,29 and did not climb
onto the platform in 60 sec, trial was stopped during acqui-
sition.30 Twenty-four hours after acquisition session, trial was
used to assess the spatial memory retention of the location of
the hidden platform. Rats were injected rivastigmine and E.
oleracea. After 30 min, they were injected scopolamine and
mecamylamine that were used to damage the memory. The
percent of mean time spent for each quadrant was recorded.
Rats were monitored for the time spent in escape platform
quadrant, for the distance to the platform zone, and speed and
distance that the rats covered by video tracking system.31

Evaluation of Ach in hippocampi

Rats were anesthetized with xylazine (15 mg/kg) and
ketamine (60 mg/kg). Rats were decapitated for isolated
brain tissue. Then, one cerebral hemisphere was homoge-
nized in saline phosphate tampon. Ach levels were quanti-
fied using spectrophotometric method and were read at
450 nm with an ELISA reader.32

Statistical analysis

SPSS software 10.0 pocket program was used for statis-
tical analysis (SPSS, Inc., Chicago, IL, USA). Learning
parameters for groups and days were assessed using one-
way and two-way ANOVA. Ach levels and memory were
evaluated using one-way ANOVA. Student’s t test was used
for first and fifth days. Data are given as mean and standard
error of the mean.

The results at the P < .05 level were accepted as statisti-
cally significant.

RESULTS

Evaluations for learning: escape latency (sec), which was
defined as the time required to find the hidden platform,
significantly decreased on the first day in all groups and as a
result of that we observed enhanced learning rate related to
that day (P < .05). E. oleracea did not contribute to learning
very effectively in any doses (P > .05) (Figs. 1 and 2). When
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we evaluated learning for scopolamine and mecamyl-
amine on the first and fifth days, the time spent for the
accession to the platform was substantively lengthened out
and on-platform stage shortened the time just as other
groups. Results at P < .05 were considered statistically sig-
nificant (Figs. 3–5). There were no statistically significant
differences between control group, EO100, and 300, be-
tween scopolamine+EO100, scopolamine+EO300, scopol-
amine+rivastigmine, and mecamylamine+EO100 for mean
distance to platform, and time spent in the quadrant that
included the escape platform (P > .05) (Figs. 3–5). The as-
sessments of scopolamine+EO100 and scopolamine+EO300
and mecamylamine+EO100 were similar in the control
group. Thus, the memory that was damaged by scopolamine
and mecamylamine was recovered by EO100 and EO300
doses (Fig. 3). The combination of scopolamine+rivastigmine
showed similar effects with the combinations of scopol-

amine+EO100 and EO300. So, both the E. oleracea
doses recovered the damaged memory like rivastigmine
(Figs. 3–5). Statistically, both doses of E. oleracea im-
proved damaged memory that was affected by scopolamine
(muscarinic receptor antagonist) and mecamylamine (nic-
otinic receptor antagonist) (P < .05) (Figs. 4 and 5). These
effects were the same with the effects of rivastigmine
(P > .05) (Figs. 4 and 5). Locomotor activity: There was no
statistically significant difference in all groups (P > .05)
(Fig. 6). Ach in hippocampus: As per control group, the
levels of Ach (pg/[mL$mg protein]) decreased significantly
in both mecamylamine and scopolamine groups (P < .05).
But these levels were obtained for the control group by the
combinations of both EO100, EO300 and rivastigmine that
was used for the treatment of cognitive deficits, and there
were no significant differences compared with the control
group (P > .05) (Fig. 7).

FIG. 1. Escape latency of control, EO100
mg/kg, EO300 mg/kg, scopolamine, and sco-
polamine combined with EO100 mg/kg and
EO300 mg/kg. Learning speed accelerated in
all groups in parallel with number of days.
*P < .05 comparison of all groups to day 1.
EO, Euterpe oleracea; Scop, scopolamine.

FIG. 2. Escape latency of control, EO100
mg/kg, EO300 mg/kg, mecamylamine, and
mecamylamine combined with EO100 mg/kg
dose. Learning speed accelerated in all groups
in parallel with the number of days. *P < .05
comparison of all groups to day 1. Mec,
mecamylamine.
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FIG. 3. Latency to platform by comparison
between days 1 and 5 among the groups of
control, EO100 mg/kg, scopolamine, meca-
mylamine, and their combinations with
EO100 mg/kg (E. oleracea) and rivastigmine.
*P < .05 comparison of all groups to day 1.
Riva, rivastigmine.

FIG. 4. Time spent (sec) in platform
quadrant on sixth day for memory evaluation
among the groups of control, EO100 mg/kg,
EO300 mg/kg, scopolamine, mecamylamine,
and scopolamine combination with EO100
mg/kg and EO300 mg/kg. *P < .05 compared
with control group.

FIG. 5. Distance (cm) of rats to platform
area on sixth day for memory evaluation
among the groups of control, EO100 mg/kg,
EO300 mg/kg, scopolamine, mecamylamine,
and scopolamine combinations with EO100
mg/kg, EO300 mg/kg, and rivastigmine.
*P < .05 compared with control group.
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DISCUSSION

It has been shown that age-related cognitive impairment
is accompanied by cognitive declines and associated with an
increased risk of dementia and neurodegenerative diseases
that deeply affects a person’s ability to function physically,
socially, and emotionally.23 Recent bioactivity studies of the
compounds in E. oleracea extract have revealed that a group
of polyphenolic flavonoids could enter the cytosol and re-
duce oxidative damage that is associated with inflammation
within the cell.17,4 Being a free radical scavenger prevents
many diseases.18

Flavonoids have strong antioxidant activities and anti-
inflammatory properties.33 Thus, the enhancing effects on
learning and memory of E. oleracea in naive rats and im-
paired rats were evaluated in this study. Both the E. oleracea
doses recovered the damaged memory like rivastigmine.
E. oleracea did not contribute to learning very effectively.

Using MWM and radial arm maze tests for learning and
memory in cognitive functions were implemented in terms
of the relationship between MWM or radial arm maze and
human learning memory.29,34 We preferred MWM for the
evaluation of cholinergic system that has both muscarinic
and nicotinic effects. The blockage of muscarinic receptors
with scopolamine especially decreased the spatial learning

in MWM test.31,35,36 Data from all groups showed that es-
cape latency (sec) decreased during acquisition sessions for
the evaluation of learning, so there are not much differences
between all groups. Time spent (sec) in the quadrant with
platform increased in control, EO100, EO300, and rivas-
tigmine groups and decreased in scopolamine and meca-
mylamine groups. Distance to the platform (cm) increased
in both scopolamine and mecamylamine groups. Many
studies showed that both mecamylamine37 and scopol-
amine38 damaged cognitive functions. In our study, the
memory that was damaged by scopolamine was improved
by EO100 and EO300 doses. E. oleracea had a positive
effect on muscarinic cholinergic receptors. When used 21
days, E. oleracea doses did not cause any significant dif-
ference in learning and memory compared with the control
group (P > .05). There was significant difference on learning
tests between the first and the fifth days in all groups
(P < .001). But, there were no significant differences be-
tween groups (P > .05). E. oleracea had an effect on memory
that was damaged by mecamylamine as a nicotinic receptor
antagonist.39 EO100 improved the impaired memory caused
by mecamylamine. E. oleracea’s memory improving effect
is through nicotinic and cholinergic pathways. Mecamyla-
mine and scopolamine enhanced the latency of finding the
escape platform and decreased the time spent in escape

FIG. 6. Total movements (mm) of rats for
locomotor activities in all groups. P > .05
compared with the control group. EO100,
EO100 mg/kg; EO300, EO300 mg/kg.

FIG. 7. Comparison of Ach levels
(pg/[mL$mg protein]) according to control in
all groups. *P < .05 EO100 and 300 mg/kg;
+P < .05 comparison of Ach levels according
to scopolamine, mecamylamine, and their
combinations with EO100 and 300 mg/kg and
rivastigmine. Ach, acetylcholine; EO100,
EO100 mg/kg; EO300, EO300 mg/kg.

392 YILDIRIM ET AL.



platform quadrant on memory tests (P < .05). Hippocampus
(CA1–CA3) and amygdala are located in the limbic system.
They store the information and have a role in information,
retrieval, solving memory, and 3D spatial problems.40

Hippocampi region in the brain plays a role in spatial
learning,41 associating different true-life experiences.42 Cho-
linergic neurons show connection network that is the main
factor for maintaining normal cognitive relationship with
learning and memory, emotional, and behavioral functions.43

We used anticholinergic scopolamine and mecamylamine for
their memory damaging effect. Ach levels in hippocampi
homogenates (pg/[mL$mg protein]) of scopolamine and
mecamylamine groups significantly decreased compared with
the control. There are no statistically significant differences in
doses of EO100 and EO300. All combinations of E. oleracea
approached to control group in Ach levels (P > .05). E. oler-
acea actually acts like rivastigmine especially in terms of
memory and hippocampus Ach levels. Some treatment fol-
lows to increase Ach levels via using precursors, acetylcho-
linesterase inhibitors just as physostigmine, metrifonate, and
galantamine that emerge nonspecific inhibition and butyryl-
cholinesterase, donepezil and rivastigmine that are specific44

muscarinic and nicotinic Ach agonists.45 Rivastigmine stim-
ulates the release of Ach from synapses in hippocampus and
cortex,46 and is widely used for Alzheimer’s disease.47 So, we
used rivastigmine as a reference drug in our study. E. oleracea
is effective at least as much as rivastigmine in cognitive
functions deficits. We did not comment whether rivastigmine
has nicotinic contribution because we did not combine it with
mecamylamine. Many studies show that there is a positive
correlation between hippocampal Ach release and locomotor
activity.48 There were no statistically significant differences
between all groups about the total number of movements in
locomotor activity test (P > .05). Scopolamine and mecamyl-
amine combinations with E. oleracea groups did not show an
alteration in motor and motivational functions just as rivas-
tigmine did.

In conclusion, E. oleracea that we studied has dose-
independent effects related to learning and memory and it
corrects corrupted memory without making a significant dif-
ference in learning. It is concluded that this correction is as
effective as rivastigmine. E. oleracea’s memory corrective ef-
fect is through nicotinic and muscarinic cholinergic pathways.
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