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Abstract The present study evaluated anxiety-like behavior and neuronal changes in the CA1, CA3, and dentate
gyrus subregions of the hippocampus that were induced by chronic sterculic oil administration in Wistar rats. The
study included two experiments. The first experiment evaluated doses-response curves of sterculic oil (low dose,
0.06 g; medium dose, 0.12 g; high dose, 0.24 g). The second experiment evaluated the effects of sterculic oil on the
number of adult hippocampal neurons. For all experiments, we employed a behavioral test battery that included the
elevated plus maze, locomotor activity test, and forced swim test. All sterculic oil doses produced anxiogenic-like
effects, without significant changes in locomotor activity or behavior in the forced swim test. We observed a
reduction of neurons in the hippocampus in rat groups that were exposed to behavioral tests compared with a test-
free vehicle group. Sterculia apetala seed oil administration produced anxiogenic-like effects, with a smaller effect of
the medium dose on neurons in the CA1 and dentate gyrus regions of the hippocampus.
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1. Introduction

Seeds are the main basis for human alimentary
livelihood [1]. In diverse countries, seed-based foods are a
part of cultural heritage, and these population frequently
consume them as part of their diet [2]. In Mexico, seed
consumption is common and part of the identity and
cultural tradition of settlers. Oecopetalum mexicanum
(locally known as “cachichin”; [3], Leucaena spp. (locally
known as *“guaje”; [4], and Sterculia apetala (locally
known as “bellota,” “castana,” or “tepetaca”; [5] are some
examples of seeds that are locally consumed.

Sterculia apetala seeds are consumed in boiled or
roasted form or used as a chocolate flavoring in the region
of Tuxtlas, Veracruz, Mexico. Beneficial effects and side
effects have been identified in rats that receive
supplementation with sterculic oil extract from Sterculia
apetala seeds [6]. These effects are associated with the

presence of sterculic acid (8-[2-octyl-1-cyclopropenyl]
octanoic acid) and malvalic acid (7-[2-octyl-1-cyclopropenyl]
heptanoic acid), a A9 desaturase (stearoyl-CoA desaturase)
inhibitor [7]. Beneficial effects include decreases in blood
pressure, triglycerides, insulin resistance, body mass, and
liver weight, among others [8,9]. Additionally, the
consumption of sterculic oil in obese Zucker rats decreased
exploration latency to enter the light compartment in the
light/dark test, without producing nonspecific motor
effects, suggesting an anxiolytic-like effect [10].

Seed consumption-related neurotoxic effects have been
reported previously. The chronic administration of cycad
seeds (Dioon spinulosum) produced motor impairment
and neurodegenerative effects in rats [11]. In humans, the
chronic consumption of Lathyrus sativus seeds produced
neurolathyrism, and the consumption of Datura
stramonium seeds caused delirium and hallucination
symptoms [12].

Neurotoxic effects that are produced by natural
chemical compounds that are found in seeds have been
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detected in several brain structures. For example, a
microinjection of methylazoxymethanol, a toxic substance
present in cicada, into the CA1 and CA3 areas of the
hippocampus produced motor impairment [13]. Similarly,
a microinjection of acetone cyanohydrin in the CAL area
of the hippocampus produced motor impairment in rats
[14]. These results suggest that the hippocampus could be
a target site of chemical compounds in seeds that produce
neurotoxic effects.

The anxiolytic-like effects of sterculic oil in obese
Zucker rats were explained by their beneficial effects on
parameters of obesity and not an anxiolytic-like effect per
se. The effects of this oil in healthy subjects remain
unexplored. Therefore, the present study evaluated the
effects of chronic treatment with sterculic oil from
Sterculia apetala seeds on anxiety-like behavior,
spontaneous locomotor activity, and neurons in distinct
subregions of the hippocampus in rats.

2. Materials and Methods

2.1. Sterculic Seed Qil Extraction

Mature Sterculia apetala seeds were collected in Los
Tuxtlas, Veracruz, Mexico (18°27°54” N, longitude
94°59’11” W). The seeds were peeled, crushed, and mixed
with hexane to extract sterculic oil. Fatty acid methyl
esters were analyzed as reported previously [6].

2.2. Ethics

The experimental procedures were performed according
to international ethical guidelines, based on the National
Institutes of Health Guide for the Care and Use of
Laboratory Animals [15] and official Mexican Guidelines
for the Use and Care of Laboratory Animals [16]. All
efforts were made to minimize animal discomfort during
the study, based on the Reduce, Refine, Replace (3R)
principles [17].

2.3. Subjects

Forty-four adults male Wistar rats, weighing 200-250 g,
were maintained under a 12 h/12 h light/dark cycle (lights
on at 8:00 AM) at 25°C £ 1°C. The rats were housed in
Plexiglas cages (two rats per cage) and provided with
purified water and a standard rodent diet ad libitum.

2.4. Experiment 1: Dose-response Curve

To generate the dose-response curve, 26 rats were
divided into four groups: one vehicle group received water
(1.5 ml, n = 6) and three groups received different doses
of sterculic oil (low dose [SOL], 0.06 g, n = 6; medium
dose [SOM], 0.12 g, n = 7; high dose [SOH], 0.24 g,
n = 7; Figure 1a). The sterculic oil doses were calculated
according previous studies by our group [8]. All
treatments were administered orogastrically for 6 weeks.
To prepare sterculic oil, an emulsion with 3% Tween-20
(Sigma-Aldrich, Mexico) was prepared. At the end of the
experimental diet period, the rats were sequentially
evaluated in the elevated plus maze (EPM; 5 min),

locomotor activity test (LAT; 5 min), and forced swim test
(FST; 6 min) [18].
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Figure 1. Experimental design. a) Experiment 1. Doses-response curve;
b) Experiment 2. Effect of sterculic oil administration doses (VEH:
vehicle; SOL: sterculic oil low dose; SOM: sterculic oil medium dose;
SOH: sterculic oil high dose; VEHF: vehicle group behavioral tests-free)

2.4.1. Behavioral test

Elevated plus-maze

To identify whether sterculic oil consumption produces
anxiolytic- or anxiogenic-like effects, we used the EPM
[19], which consists of two opposite open and closed arms
that are set in a plus configuration. The test was conducted
in an isolated room that was illuminated at 40 lux. The
open arm dimensions were 50 cm length x 10 cm width.
The closed arm dimensions were 50 cm length x 10 cm
width with 40 cm high walls. The entire maze was
elevated 50 cm above the floor. The following variables
were evaluated: (a) time spent on open arms (s), (b)
number of entries into open arms, (c) total number of
entries into both arms (open arms plus closed arms), (d)
percentage of entries into open arms, (e) Anxiety Index
(Al = 1 — [(time spent on open arms / test duration) +
(entries into open arms / total number of entries) / 2]; [20],
(f) frequency and time spent head-dipping (s), and (g)
frequency and time spent in attempts (s). A digital video
camera (Sony Handycam model DCR-DVD108) was
installed above the EPM to record the rats’ activity for
5 min.

Locomotor activity test

This test evaluated the effects of the treatments on
spontaneous locomotor activity and identify or discard
hypo- or hyperactivity that was caused by the treatments
[21,22], which could interfere with the rats’ behavior in
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the EPM and FST. The rats were individually and gently
placed in an opaque Plexiglas cage (44 cm x 33 cm x 40 cm).
The floor was divided into 12 squares (11 cm x 11 cm
each) that were drawn on the floor. The following
variables were evaluated: (a) number of squares crossed
(crossings), (b) frequency of rearing, (c) time of rearing (s),
(d) frequency of grooming, and (e) time of grooming (s).
This behavioral test was conducted for 5 min after the
EPM test. A Sony DCR-SR85 video camera was used
(2000x optical zoom). At the end of each test, the box was
cleaned with a 15% ethanol solution. Approximately
2 min after the LAT, the rats were evaluated in the FST.

Forced swim test

This test detects the antidepressant- and antistress-like
activity of natural compounds and drugs [22,23]. The rats
were individually forced to swim in a rectangular glass
tank (40 cm x 30 cm x 50 cm) that contained 25°C £ 1°C
water to a depth of 25 cm. The present study used the
method of Borsini [24]. Each swim session lasted 6 min,
but data from only the last 4 min of the session were
analyzed. The following variable was evaluated: a)
immobility time (the sum of all periods in which the rat
performed minimal movements to allow it to float without
displacement) (s). The experimental sessions were
recorded with a Sony model DCR-SR85 video camera
(2000x optical zoom). For this test, the variable was
evaluated by two independent observers using a behavior
analysis program until they reached 95% agreement.

2.4.2. Statistical Analysis (Experiment 1)

The data from Experiment 1 were analyzed using
one-way analysis of variance (ANOVA). Normality and
homogeneity assumptions were verified using the
Shapiro-Wilks and Bartlett tests. The Student-Newman-
Keuls post hoc test was used to analyze differences
between groups. If any variable violated any of the
assumptions, then the Kruskal-Wallis nonparametric test
was used. The results are expressed as mean + standard
error of the mean. For nonparametric statistics, the median
was used as a measure of central tendency. All analyses
were performed using SigmaPlot 12 and GraphPad Prism
8.0.1 software to compare treatment groups. Values of
p < 0.05 were considered statistically significant.

2.5. Experiment 2: Effects of Sterculic Oil
on Behavior and Neuronal Cells
in the Hippocampus

Once the minimal effective dose was determined in
Experiment 1, we assigned 18 male Wistar rats to three
independent groups: vehicle group that did not undergo
the behavioral tests (VEHF group; 1.5 ml water, n = 3),
vehicle group that underwent the behavioral tests (VEH
group; 1.5 ml water, n = 7), and a group that received the
minimal effective dose of sterculic oil from Experiment 1
(SOM group; 0.12 g, n = 8). All treatments were
administered orogastrically for 6 weeks. Sterculic oil
emulsion was prepared as described above. At the end of
the diet period, only the VEH group and SOM group were
evaluated in the same battery of behavioral tests under the
same conditions as described in Experiment 1 (Figure 1b).
At the end of the behavioral tests, the rats were perfused,

and brains were extracted to perform histological analyses
of the hippocampus.

2.5.1. Histological Analysis

Perfusion

The rats received an overdose of sodium pentobarbital
(80 mg/kg, i.p., PiISA Agropecuaria, veterinary use) and
were transcardially perfused with 200 ml of saline solution
followed by 200 ml of 4% paraformaldehyde in 0.1 M
phosphate buffer (27°C, pH 8.3). Immediately afterward,
brains were removed and preserved in 20% formalin for
the histological analysis [25]. For cryoprotection, the
brains were immersed in 10%, 20%, and 30% sucrose
solutions. Each change of sucrose was performed until the
brains touched the bottom of the container (~24 h; [26]).

Tissue processing

The brains were dehydrated with an ascending series of
ethanol solutions (70%, 80%, 96%, and 100%), cleared in
xylene, and embedded in paraffin. Serial coronal sections
(10 pm thick) at the level of the hippocampus were
obtained [27]. In all experimental groups, the following
dorsal hippocampal regions were analyzed: CA1 (-3.30 mm
to -4.30 mm anterior, 1.2 mm lateral, and -3.00 mm depth
from bregma), CA3 (-3.30 mm to -4.30 mm anterior,
2.6 mm lateral, and 3.80 mm depth from bregma), and
unilateral dental gyrus (-3.30 mm to -4.30 mm anterior,
2.6 mm lateral, and 3.80 mm depth from bregma).

Stains and preparation of brain slices

The hippocampus brain slices were stained with a modified
Cresyl violet staining technique and dried at room temperature
[28]. The slides were examined under a Leica LED DM1000
light microscope. Images were acquired using a Leica
DFC450C camera (Nussloch, Germany) at 20x magnification.

Cell counting

Cell counts were performed by two observers who were
blind to the experimental groups using 10 x 10 grids
(500 pm x 500 pm) in ImageJ software. All values are
expressed as an average for each group. Only cells with a
cytosol, nucleus, and well-defended cellular membrane
were considered [29]. Gray scale and sepia images were
obtained, the latter with the differentiation of cell nuclei in
white. Each micrograph that was obtained from Cresyl
violet staining corresponded to a surface area of 0.36 umz.

2.5.2. Statistical Analysis (Experiment 1)

The behavioral and histological data were statistically
analyzed as the following:

» Behavioral analysis: Student’s t-test was used to
compare the VEH group and the minimal effective dose of
sterculic oil in the SOM group. In addition to the
traditional statistical analysis, the aforementioned groups
were compared using machine learning techniques to
assess the time spent in each condition and the frequency
of interactions between behavioral states.

« Histological analysis: One-way ANOVA was used to
compare all experimental groups that were included in this
experiment. All statistical tests were subjected to a
criterion of significance of a = 0.05.

To further evaluate possible relationships among
variables, we used two machine learning techniques:
decision trees (DTs) and transitional behavior graphs
(Markov chains) for behavioral data.
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Decision trees. This technique creates decision rules about
the analyzed variables, forming a visually explanatory graph
[30]. It consists of nodes (attributes) and arcs (discriminative
values). Open-source WEKA 2.2 machine learning software
was used to construct DTs using the J48 algorithm [31].

Transitional behavior graphs (Markov chains). These
graphs are models that are used to observe transitions
from one state to another. This representation shows
sequences of changes in a given timeline [32]. The
construction of these graphs is based on Markov chain
processes, computing the conditional probability of
moving from one behavior (state) to another [33].

P,J-:P(Ei|Ej):;—‘j (1)

Where:
Pjj= conditional probability
E;= current event
E;= future event (to which it changes)
fij = event frequency ij
Fi= total events j
Likewise, the percentages of the relative frequency of
each behavioral change during the period of the time
evaluated were computed using the following equation:

= b @)
N
Where:
F, = relative frequency
fij = event frequency ij
N = total events.

3. Results

3.1. Sterculic Seed Qil Extraction

As shown in Table 1, sterculic oil contained 26.3%
sterculic acid (8-2-octyl-1-cyclopropenyl) and 2.04%
malvalic acid (7-2-octil-1-ciclopropenil). Palmitic acid,
oleic acid, and linoleic acid were also present in the
Sterculia apetala seed oil.

Table 1. Fatty acid composition of Sterculia apetala seeds oil

Fatty acids [ % of total fatty acids
SFA

Palmitic acid, C16:0 27.70
Stearic acid, C18:0 2.64
Total 30.34
MUFA

Miristic acid, C16:1 2.25
Oleic acid, C18:1 cis 26.54
Elaidic acid, C18:1 trans 3.58
Total 32.37
PUFA

Linoleic acid, C18:2 6.51
Total 6.51
Sterculic acid 26.30
Dihydrosterculic 2.44
Malvalic acid 2.04
Total 30.78

Values are expressed as a percentage of total fatty acids. Presence of
cyclopropene ring. C18:1, malvalic acid [7-(2-octyl-1-clopropenyl)
heptanoic acid]; C19:1, sterculic acid [8-(2-octyl-1-cyclopropenyl)
octanoic acid].

3.2. Experiment 1. Dose-response Curve

3.2.1. Elevated Plus-maze

Significant differences (Fz = 5.07, p < 0.001) were
found in the time spent on the open arms among groups.
The post hoc test showed that this variable significantly
decreased in all sterculic oil-treated groups compared with
the vehicle group (Figure 2a). Similarly, the analysis of
head-dipping revealed significant differences (F;,, = 4.11,
p < 0.01) between groups. The post hoc test showed that
this variable significantly decreased in the sterculic
oil-treated groups compared with the wvehicle group
(Figure 2b). This effect was more evident in rats that were
treated with the medium dose of sterculic oil (Figure 2b).
The time spent head-dipping was also significantly
different (Fs2, = 5.20, p < 0.001) between groups. The
post hoc test revealed that this variable significantly
decreased in all sterculic oil-treated groups compared with
the vehicle group (Figure 2c).

a) 250-
200
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TOA (&)

100+

50

VEH SOL SOM SOH

THD @)

VEH SOL SOM SOH

Figure 2. D Effects of sterculic oil administration on anxiety-like
behavior in the elevated plus maze. TOA: time spent on the open
arms, (a) HD: head-dipping (b), THD: time spent in head-dipping
(c). * p <0.05 vs vehicle group (one-way ANOVA followed by Student-
Newman-Keuls post hoc test; VEH: vehicle; SOL: sterculic oil low dose;
SOM: sterculic oil medium dose; SOH: sterculic oil high dose)

The number of entries into the open arms and total arm
entries (closed arms plus open arms) were not
significantly different among groups, but the percentage of
entries into the open arms was significantly different. The
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statistical analysis did not reveal significant differences in
the number of attempts or the time spent in attempts
between groups. Significant differences in the Al were
found between the wvehicle and sterculic oil groups
(H = 7.87, p < 0.05), in which sterculic oil-treated groups
had a higher Al (Table 2).

3.2.2. Locomotor Activity Test

The number of crossings was not significantly different
among groups. The time spent grooming was significantly
different between groups. No significant differences in the
frequency of grooming or the frequency and duration of
rearing, were found (Table 2).

3.2.3. Forced Swim Test

The analysis of the total time of immobility revealed no
significant differences between groups (Table 2).

Journal of Food and Nutrition Research

3.3. Experiment 2. Effects of Sterculic Qil
on Behavior and Neuronal Cells
in the Hippocampus

3.3.1. Elevated Plus-maze

The statistical analysis showed no significant
differences in the time spent on the open arms or the
number of entries into the open arms. Although the total
number of entries into the open arms and the percentage of
entries into the open arms decreased, these changes were
not significantly different from the vehicle group. The
sterculic oil group exhibited a significant increase in the
number of attempts and time spent in attempts compared
with the vehicle group. No significant differences in the
number of head-dipping, the time spent head-dipping, or
the Al were found between sterculic oil- and vehicle-
treated groups (Table 3).

Table 2. Effect of sterculic oil administration on behavioral tests in experiment 1, dose-response curve

Groups Statistics
BT Var VEH SOL SOM SOH F/H p-value

EOA t 13.33+£2.99 7.17+213 8.43+1.71 9.43+1.81 141 0.26

TE T 26.33+5.94 15.00 £ 4.25 17.43 £3.49 19.57 £3.53 1.19 0.33

EPM PEOA & 0.50 0.47 0.48 0.47 9.07 0.02*
ATt 8+1.36 75+1.18 8.43+0.92 7.29+1.19 0.20 0.88

TATa 4.64 45 4.94 421 0.37 0.94

Al o 0.54 0.70 0.68 0.69 7.87 0.04*

Ct 56 +10.35 63.33+6.71 54+9.14 59 +3.38 0.26 0.84

GF 1 2.5 +0.56 2.83+1.01 1.28 +£0.52 142 +0.52 1.32 0.29

LAT GD o 12.71 2.56 0.33 14 7.89 0.04*
RF @ 47 47 36 39 2.61 0.45

RD t 87.79 £ 22.68 85.07 £10.79 95.15+17.08 93.04 +8.78 0.05 0.98

FST ITa 12.91 24.09 31.78 3341 371 0.28

t Variables analyzed by one-way ANOVA test, reporting mean + standard error; o variables analyzed by Kruskal-Wallis test, reporting medians. *< p
0.05 vs VEH; BT: behavioral test; EPM: elevated plus-maze; LAT: locomotor activity test; FST: forced swim test; Var: variables; VEH: vehicle; SOL:
sterculic oil low; SOM: sterculic oil medium; SOH: sterculic oil high; EOA: number of entries in open arms; TE: total entries; PEOA: percentage of
entries into the open arms; AT: attempts; TAT: time spent in attempts; Al: Anxiety index; C: crossing; GF: grooming frequency; GD: grooming

duration; RF: rearing frequency; RD: rearing duration; IT: immobility time.

Table 3. Effect of sterculic oil administration on behavioral tests in experiment 2

Groups Statistics
BT Var VEH SOM t/'U p-value
TOAT 42.47 £10.59 21.97 +9.99 1.39 0.18
EOA t 6+1.25 3.14+0.85 1.82 0.09
TE T 12.75+2.39 7.28+1.71 1.80 0.09
PEOA & 46.66 42.85 16 0.18
EPM ATao 6 11 8.50 0.02*
TATa 451 8.25 1 0.00*
HDt 3.75+1.04 2.57+0.92 0.83 0.42
THD= 454 412 27 0.95
Al't 0.51+0.04 0.64 +0.06 1.67 0.11
Cct 37.12+3.82 3271+ 351 0.83 041
GF 1 5.62 + 0.94 5+1 0.45 0.65
LAT GD o 323 16.6 15 0.15
RF t 36 +2.13 33.42 +4.36 0.55 0.59
RD t 82.65 + 6.49 71.19 +10.47 0.95 0.36
FST ITt 82.75+13.85 119.81 +£19.24 1.59 0.13

t Variables analyzed by t of Student test, reporting mean + standard error; o variables analyzed by U of Mann-Witney test, reporting medians.
*< p 0.05 vs VEH; BT: behavioral test; EPM: elevated plus-maze; LAT: locomotor activity test; FST: forced swim test; Var: variables; VEH: vehicle;
SOM: sterculic oil medium; TOA: time spent in open arms; EOA: number of entries in open arms; TE: total entries; PEOA: percentage of entries into
the open arms; AT: attempts; TAT: time spent in attempts; HD: head-dipping; THD: time spent in head-dipping; Al: Anxiety index; C: crossing;
GF: grooming frequency; GD: grooming duration; RF: rearing frequency; RD: rearing duration; IT: immobility time.
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3.3.2. Locomotor Activity Test

The analysis of crossings, frequency, and grooming
revealed no significant differences between the two
experimental groups (Table 3).

3.3.3. Forced Swim Test

The statistical analysis did not reveal significant
differences in total immobility time between groups
(Table 3).

3.3.4. Decision Tree

To analyze differences between the sterculic oil-treated
group and vehicle-treated group, a DT method was used.
The first DT was constructed using the time spent in
attempts and time spent head-dipping. The structure of the
DT showed that the time spent in attempts was the most
relevant attribute for classifying the groups, with a
classification accuracy of 80%. When time was longer
than 4.89 s, the subjects belonged to the sterculic oil-
treated group (Figure 3a).

Likewise, we were able to discriminate between groups
with regard to LAT variables, including grooming
duration and rearing duration, with a classification
accuracy of 60%. In this case, the time spent grooming
produced the main division between groups. When
grooming time was < 16.76 s, the subjects belonged to the
sterculic oil-treated group. For grooming times that were >
16.76 s, the DT required another division for classification,
represented by the time spent rearing. When the time spent
rearing was > 56.33 s, the subjects belonged to the vehicle
group; otherwise, the subjects belonged to the sterculic
oil-treated group (Figure 3b).

3.3.5. Transitional Behavior Graphs (Markov Chains)

In a previous analysis, traditional tests like ANOVAs
were used to compare the time spent in different behaviors
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by the subjects. Using this approach, however, interactions
among different states were not explored because it
evaluates only the total amount of time for each behavior.
To study transitions among behaviors that were expressed
by the rats in the behavioral tests, a transitional behavior
graph was constructed. The probabilities of behavioral
state transitions (see equation 1) were compared between
the vehicle group and sterculic oil group. In the EPM test,
it only showed significant differences (p 0.028),
assessed using Student’s t-test when the subjects were
kept in the behavior of attempts, showing that the sterculic
oil-treated group (probabilities: 0.02 for VEH group vs.
0.18 for SOM group) was more likely to remain in such a
behavioral state (Table 4). In the LAT, the transition state
that showed differences between groups was the change
from grooming to resting behavior (p = 0.01), showing
that the sterculic oil-treated group was more likely to
perform this transition (probabilities: 0.12 for VEH group
vs. 0.26 for SOM group).

We used relative frequencies (see equation 2) to
represent percentages of state changes. In the EPM, we
observed significant differences in behavioral transitions
from closed arms to attempts (p = 0.01), which was higher
in the sterculic oil-treated group (1.73% for VEH group vs.
3.67% for SOM group). We observed a significant
difference in remaining in the behavioral state of attempts
(p = 0.02), which was higher in the sterculic oil-treated
group (0.04% for VEH group vs. 0.72% for SOM group;
Figure 4).

Similarly, differences were found when the subjects
were in the open arm state and remaining in that state (p =
0.02), which was lower in the sterculic oil-treated group
(10.46% for VEH group vs. 3.67% for SOM group). A
significant decrease (p = 0.04) in transitions from open
arm behavior to attempts was observed in the sterculic oil-
treated group (1.01% for VEH group vs. 0.13% for SOM
group; Figure 4).

a)
Q Time spent in attempts _;) Confusion matrix
- a b
<=4.89 / \ >4.89 a=VEH 3 0
b=S0M 1 1
VEH (7.0) SOM (8.0/1.0)
b) _ —
— . . ""\\ Confusion matrix
< Grooming duration J
— - ) a b
<= 16.76 / \ > 16.76 a=VEH 2 1
N b=SOM 1 1
SOM (6.0/1.0) (ﬁ Rearing duration >

<= 56.33 /
SOM (3.01.0)

\ > 56.33
VEH (6.0)

Figure 3. Decision trees for the classification of the control and sterculic oil groups evaluated in the behavior tests (a: times in elevated plus maze, b:
times in locomotor activity test; VEH: vehicle; SOM: sterculic oil medium dose)
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Table 4. Effect of sterculic oil administration on behavior transitions in experiment 2

VEH SOM Student test
State "'i"' State "'j" Prob State ""i"' State "'j" Prob p-value
CA 0.95 CA 0.95 10.98
OA 0.02 OA 0.01 10.09
CA CA
AT 0.02 AT 0.03 0 0.06
HD 0.00 HD 0.00 0 0.87
CA 0.14 CA 0.20 o 0.57
OA 0.76 OA 0.69 0 0.16
OA OA
AT 0.03 AT 0.02 0 0.27
HD 0.07 HD 0.09 10.97
CA 0.76 CA 0.59 0 0.32
OA 0.22 OA 0.23 00.13
AT AT
AT 0.02 AT 0.18 o 0.02*
CA 0.12 CA 0.14 0 0.79
OA 0.36 OA 0.24 0 0.79
HD HD
AT 0.08 AT 0.03 0 0.95
HD 0.44 HD 0.59 o 0.50
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Figure 4. Transitional behavior graphs of the effect of sterculic oil administration in the elevated plus maze, represented by relative frequency (t
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Figure 5. Cellular effects of sterculic oil in rat hippocampus. Representative micrographs of CA1, CA3 and Dentate gyrus (DG) stained by cresyl violet
solution followed by a gradient-map-based image analysis (gray and light brown scales). VEHF: vehicle group behavioral tests-free; SOM: sterculic oil
medium dose. The details correspond to the area highlighted with the rectangle. Bars = 500 um (cresyl violet images) and 100 pm (details section)

3.3.6. Neuronal Quantification in the CA1, CA3, and
Dentate Gyrus Regions of the Hippocampus

In the analysis of cell counts in the CAl area of the
hippocampus, significant differences were found between
groups (F,43 = 136.17, p < 0.001). The post hoc test
showed that all groups were different from each other. The
VEH group (70.18 £ 5.22) exhibited fewer neurons than
the VEHF group (184.41 + 4.99). The sterculic oil-treated
group (151.04 + 3.61) exhibited an intermediate number
of neurons between the mentioned groups (Figure 5).
In the CAS3 area, differences were found between groups
(H= 28.75, p < 0.001). The post hoc test showed a
significant reduction of the number of neurons in the
groups that underwent the behavioral tests (medians: 121
for VEHF group, 54 for VEH group, 76 for SOM group).

The dentate gyrus analysis showed significant
differences among groups (F,3; = 30.83, p < 0.001). The
post hoc test indicated that all groups were different from
each other. Both groups that underwent the behavioral
tests exhibited a reduction of the number of neurons
compared with the VEHF group (536.80 + 15.87). The
SOM group (471.70 £ 10.24) had a higher number of
neurons than the VEH group (334 + 20.49; Figure 5).

Interestingly, the grayscale view revealed hyperchromatic
cell nuclei and the absence of macrophage, polymorphonuclear,
or lymphocyte-like cellular, infiltrates, indicating the
absence of neuroinflammation in the three hippocampal

areas. Finally, the analysis of the gradient map of the CAl
and CAS3 regions indicated differential contrast between
the nucleus and neuronal soma, suggesting transient
alterations of cell morphology, and highlighted the
presence of some pyramidal neurons in the VEH group
and globular in the SOM group. In the dentate gyrus,
differential contrast between the nucleus and neuronal
soma did not show alterations of cell morphology.

4. Discussion

The principal results of the present study showed that
sterculic oil administration produced anxiogenic-like
effects in the EPM. We observed fewer neurons in the
CALl area and dentate gyrus, which could be associated
with specific fatty acids that were present in sterculic oil
that participate in the structure of cell membranes. These
results suggest that the chronic consumption of sterculic
oil in healthy subjects may produce negative effects on
emotional state, specifically producing anxiety.

4.1. Behavioral Effects of Sterculic Qil

In  Experiment 1, sterculic oil administration
significantly decreased the time spent on the open arms
and number of entries into the open arms, suggesting an
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anxiogenic-like effect [34]. The number of head-dippings
and time spent head-dipping significantly decreased,
which are related to stressful and anxiogenic situations
[35], in rats that were treated with SOM, for example,
with the administration of Passiflora incarnata it has been
observed that it promotes anxiogenic-type effects,
reflected in shorter exposure times in open arms in EPM
(Elsas et al., 2010).

The Al identifies a general tendency of the anxiety
grade (from O to 1). Anxiety Index values near 1 reflect
higher levels of anxiety [20], for example, animals that
were exposed to natural predator scent, showed which
higher Al values were found [36]. In the present study,
SOM administration increased the Al, indicating an
anxiogenic-like state. This finding is similar to studies that
evaluated that received natural extracts, for example, the
Myristica fragrans seeds that evaluated in male Albino
mice where found a anxiogenic effect showed in a
reduction in time spent in open arms on elevated plus-
maze [37].

Grooming behavior is related to an animal’s motivation
[38]. Grooming behavior increases in mildly stressful
situations but is eliminated under severe stress conditions
[39]. In the present study, grooming behavior significantly
decreased in the sterculic oil-treated groups. We also
previously observed this behavior in Zucker rats that
received sterculic oil supplementation [10], therefore, it
suggests the possibility that consumption of SOM induces
anxiogenic-type conditions in Wistar and Zucker rats.

In the FST, antidepressant drugs are well known to
exhibit a reduction of the total time of immobility [40]. In
the present study, no significant effects of sterculic oil
were observed in the FST, particularly immobility time.
However, the administration of natural foods (e.g., cicada,
Dioon spinulosum) in rats can generate motor alterations,
reflected by turning behavior [9,25]. In the present study,
impairments in motor coordination were not detected in
sterculic oil-treated rats, suggesting that this oil has no
negative effects on motor coordination.

In  Experiment 2, significant differences in the
frequency and duration of attempts were observed in the
SOM group, which exhibited increases in this behavior.
These variables are used to evaluate the risk of situations
and is exhibited more by “anxious” animals [41]. Rodents
have an innate propensity to avoid open arms in the EPM.
Increases in entries into the closed arms and time spent on
the close arms may be a more useful baseline to measure
the effects of anxiogenic compounds, where attempts are
an important variable to observe anxiety-like behavior.

We used DTs to complement the data analysis and
observe integrations of variables. The classification model
was adjusted for Experiment 2 data using the LAT
variables. When comparing the sterculic oil group and
vehicle group, we obtained classifications based on shorter
grooming times and vertical behavior and an increase in
the time spent in attempts. This analysis reinforces the
anxiogenic-like effects of sterculic oil. Decreases in these
behaviors were previously shown to be associated with
higher levels of anxiety [38]. Importantly, only when we
did Markov chains were significant interactions identified
in the behavior, indicating an anxiogenic-like effect of
sterculic oil.

To identify behavioral changes and complement the
behavioral analysis, transitional behavior graphs were
constructed. In the present study, a higher percentage of
the incidence of behavioral changes from closed arms to
attempts and from attempts to attempts was identified in
the sterculic oil group. Similarly, a decrease in change
incidence of open arms to open arms and from open arms
to attempts was observed. These behaviors are identified
as an anxiogenic-like effect because they reflect an
increase in the anxiety state of the animals [19].

4.2. Impact on Neuronal Cells
in the Hippocampus

In the present study, changes in the number of neuronal
cells in CAL, CA3, and dentate gyrus areas were observed.
Our data revealed a decrease in the number of neurons in
both groups exposed to behavioral tests compared with the
free-tests group, however, the SOM group showed an
attenuated reduction of neurons in the CAl and dentate
gyrus regions. The forced swim test is a strong stressor for
rodents, which quickly activates the hypothalamus-
pituitary-adrenal (HPA) axis and raises the level of
corticosterone in the blood plasma [42]. The
hippocampus is a limbic structure involved in anxiety-like
behavior. Recently, Bertagna et. al., [35] reported that the
ventral hippocampus, but not the dorsal, plays a causal
role for anxiety in the elevated-plus maze. According to
Sapolsky et al., [43] activation of HPA axis involves the
glucocorticoid cascade that leads to hippocampal neuronal
loss. Stress is a mechanism of neuronal plasticity [44],
specifically, the plasticity of hippocampal circuitry is
principally vulnerable to stressors [45].

We found a decrease in number of neurons in the CA1
region in the groups that underwent the behavioral tests.
However, in the group that received sterculic oil, we
observed an attenuation decrease in the number of neurons,
generate by stress that was induced in the behavioral tests,
possibly because of the fatty acid composition of sterculic
oil, such as stearic acid, oleic acid, and linoleic acid [6]. A
neuroprotective effect of stearic acid administration was
reported in rodents [46]. Beneficial cognitive and
neurogenic effects and synapse arrangement were shown
to be promoted by the consumption of oleic acid and
linoleic acid [47].

In the CA3 region, we observed a reduction of the
number of neurons in the groups that were treated with
VEH and SOM and underwent the behavioral tests. In the
CA3 region, chronic stress produced dendritic retractions
[48]. Additionally, corticotropin-releasing factor (CRF),
together with excitatory amino acids, promoted the
atrophy of dendrites in the CA3 area of the hippocampus
in male rats [49]. In this specific region in the present
study, the sterculic oil group did not exhibit a protective
effect of sterculic oil on neuronal cells. Our data are
consistent with Drenska et al. [50], who reported that
stress that was associated with light (via diurnal rhythm
disruption) decreased neuronal density in the CA3 region
in male Wistar rats.

The present study revealed a decrease in neuronal cells
in the dentate gyrus in the groups that underwent the
behavioral tests compared with the VEHF group.
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However, the group that received sterculic oil exhibited an
attenuation of this decrease. Neurogenesis occurs in the
dentate gyrus of the hippocampus, and acute stressful
experiences can suppress ongoing neurogenesis [51]. As
mentioned above, this condition could be due to fatty
acids composition present in the oil.

Interestingly, Arauchi et al. [52] reported an increase in
the activation of microglia and astrocytes in the CAL, CA3,
and dentate gyrus regions of the hippocampus in Gunn
rats after they were subjected to the stress of the FST. The
activation of microglia and astrocytes may be involved in
the death of neuronal cells in the hippocampus. Moreover,
the activation of these two types of glial cells has been
shown to cause neurotoxicity in in vitro models [53].
Notably, the presence of antioxidant compounds from
Sterculia apetala seeds, specifically gallic acid, has been
reported [54]. Supplementation with these compounds in
rats has been related to neuroprotective and anxiolytic-like
effects [55]. Therefore, in the present study, we can
hypothesize that both antioxidant compounds and fatty
acids in sterculic oil could act additively or synergistically
to generate neuroprotection against the impact of stress
that is associated with the battery of behavioral tests,
thereby preventing neuronal cell loss. Therefore, in the
present investigation, we can hypothesize that both
antioxidant compounds and fatty acids content present in
sterculic oil, could be acting synergistically, generating
neuroprotection against the impact of the stressor
produced by forced swim test, avoiding a decrease in the
neuronal cell. Although in our study some behavioral tests
variables show anxiogenic-like effects, in the hippocampus
this effect was not reflected, because we did not find
evidence of a decrease in neurons, on the contrary, in two
of the three regions evaluated, protection against stress
exerted by behavioral battery tests was observed.

One limitation of the present study was that we did not
explore behavioral effects of sterculic acid or malvalic
acid isolates. We also did not include a separate group that
received sterculic oil and did not undergo the behavioral
tests in the histological analysis to exclude a possible
decrease in the number of neurons. Further toxicological
studies are necessary to investigate the safe consumption
of Sterculia apetala seed oil. Some reports showed a
neurotoxic effect of seed consumption [11,12]. In the
present study, we administered natural seed oil, but
populations mostly consume roasted seeds, which lowers
the sterculic acid content [6]. Lastly, the mechanism of
action of the anxiogenic effects of sterculic oil should
be explored to understand the involvement of
neuropharmacological processes.

5. Conclusions

In conclusion, Sterculia apetala seed oil administration
in Wistar rats produced an anxiogenic-like effect at all
tested doses. However, attenuated effect in CA1 region
and hippocampus dentate gyrus was observed when we
administer the dose medium, likely because of the fatty
acid content in sterculic oil. These seeds are commonly
consumed as a part of cultural tradition in populations that
are not knowledgeable about its effects. The present
findings will contribute to future investigations of the

effects of Sterculia apetala seed consumption on human
health.

Acknowledgements

The authors gratefully acknowledge to CONACyT
to grant scholarships 592714 and 628503 to Isidro
Vargas-Moreno and Rafael Fernandez-Demeneghi for
Postgraduate Studies in Neuroethology, respectively. In
addition, we thanks to the Tecnol6gico Nacional de
México for providing the sterculic oil.

Statement of Competing Interests

The authors declare no conflict of interest.

References

[1] FAO: Food and Agriculture Organization of the United Nations,
“Seeds”, FAO, 2020. [Online] Available:
https://www.fao.org/seeds/en/ [Accessed Oct. 10, 2022]

[2] FAO: Food and Agriculture Organization of the United Nations,
“Nature's nutritious seeds: 10 reasons why you should opt for
pulses”, FAO, 2019. [Online] Available:
https://www.fao.org/fao-stories/article/es/c/1176992/ [Accessed
Jul.14, 2022]

[3] Lascurain, M., Lopez-Binnquist, C., Lopez, J.C. (2018) El arbol
de cachichin (Oecopetalum mexicanum) una especie cultural
clave de Veracruz, México. In: Silva-Rivera, E., Martinez-Valdés,
V., Lascurain, M., Rodriguez-Luna, De la recoleccién a los
agroecosistemas  diversificados:  soberania alimentaria 'y
conservacion de la biodiversidad, 1st edition. Veracruz, México,
2018, 225-236.

[4] Roman-Cortés, N., Garcia-Mateos, M.R., Castillo-Gonzélez, A.M.,
Sahagun-Castellanos, J., Jiménez-Arellanes, A. “Componentes
nutricionales y antioxidantes de dos especies de guaje (Leucaena
spp.): un recurso ancestral subutilizado”, Revista Chapingo. Serie
horticultura, 20(2). 157-170. August 2014.

[5] Penington T.D., Sarukhan J. Descripcion de especies. In:
Penington T.D., Sarukhan, J. Arboles tropicales de México para
la identificacion de las principales especies, (2nd reprint of the
3rd edition), National Autonomous University of Mexico, México,
2016, 384-385.

[6] Herrera-Meza, S., Martinez, A.J., Sanchez-Otero, M.G., Mendoza-
Lépez, M.R., Garcia-Barradas, O., Ortiz-Viveros, G.R., Oliart-Ros,
R.M. “Fatty acid composition and some physicochemical
characteristics of Sterculia apetala seed oils”, Grasas y Aceites,
65(3). e039: 1-7. July—September 2014.

[7] Bao, X., Thelen, JJ. Bonaventure, G., Ohlrogge, J.B.
“Characterization of Cyclopropane Fatty-acid Synthase from
Sterculia foetida”, The Journal Of Biological Chemistry, 278(15).
12846-12853. January, 2003.

[8] Herrera-Meza, M.S., Mendoza-L6pez, M.R., Garciia-Barradas, O.,
Sanchez-Otero, M.G., Silva-Hernandez, E.R., Angulo, J.0O.,
Oliart-Ros, R.M. “Dietary anhydrous milk fat naturally enriched
with conjugated linoleic acid and vaccenic acid modify
cardiovascular risk biomarkers in spontaneously hypertensive
rats”, International Journal of Food Sciences and Nutrition, 64(5).
574-586. January, 2013.

[9] Ramirez-Higuera, A., Pena-Montes, C., Herrera-Meza, S.,
Mendoza-Lépez, R., Valerio-Alfaro, G., Oliart-Ros, R.M. (2020)
“Preventive Action of Sterculic Oil on Metabolic Syndrome
Development on a Fructose-Induced Rat Model”, Journal of
Medicinal Food, 23(3). 305-311. 2020.

[10] Herrera-Meza, S., Rodriguez-Landa, J.F., Martinez, A.J., Herrera-
Meza, G., Fernandez-Demeneghi, R., Reyes-Saldana, K., Oliart-
Ros, R.M. “Behavioral Effect of Sterculia apetala Seed Oil
Consumption in Male Zucker Rats”, Journal of Medicinal Food,
20(11). 1133-1139. November 2017.



221

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Journal of Food and Nutrition Research

Rivadeneyra-Dominguez, E., Saavedra, M., Rodriguez-Landa, J.F.
“El tratamiento con progesterona previene las alteraciones motoras
inducidas por la intoxicacién con semillas de cicada (Dioon
spinulosum) en la rata macho”, Revista de Toxicologia, 26(2-3).
117-121. April, 2009.

Carod-Artal, F.J. “Sindromes neuroldgicos asociados con el
consumo de plantas y hongos con componente téxico (I).
Sindromes neurotéxicos por ingesta de plantas, semillas y frutos”,
Revista de neurologia (Ed. impresa), 36(9). 860-871. May 2003.
Saavedra, M., Rivadeneyra-Dominguez, E., Rodriguez-Landa, J.F.
“Alteraciones motoras inducidas por la  microinyeccion
intrahipocampal de metilazoximetanol en ratas macho forzadas a
nadar”, Archivos de Neurociencia (Méx), 16. 186-192. October-
December 2011.

Rivadeneyra-Dominguez, E., Vazquez-Luna, A., Diaz-Sobac, R.,
Briones-Cespedes, E.E., Rodriguez-Landa, J.F. “Contribution of
hippocampal area CAl to acetone cyanohydrin-induced loss of
motor coordination in rats”, Neurologia (English Edition), 32(4).
230-235. 2017. May 2017.

Institute of Laboratory Animal Resources (US). Committee on
Care, & Use of Laboratory Animals. Guide for the care and use of
laboratory animals (No. 86). US Department of Health and
Human Services, Public Health Service, National Institutes of
Health, 1986.

NOM-062-Z00-1999 Gobierno de Meéxico, “Norma Oficial
Mexicana NOM-062-Z00-1999, Especificaciones técnicas para la
produccion, cuidado y uso de los animales de laboratorio”, México:
Gobierno de México, 2001. [Online] Available:
https://catalogonacional.gob.mx/FichaRegulacion?regulacionld=1
7652 [Accessed Jun. 22, 2022]

Johns Hopkins University, “The Principles of Humane
Experimental Technique”, Johns Hopkins University, 2005.
[Online] Available:
https://caat.jhsph.edu/principles/the-principles-of-humane-
experimental-technique [Accessed Sep. 22 2022].
Fernandez-Demeneghi, R., Rodriguez-Landa, J.F., Guzman-

Ger6nimo, R.l., Acosta-Mesa, H.G., Meza-Alvarado, E., Vargas-
Moreno, I., & Herrera-Meza, S. “Effect of blackberry juice (Rubus
fruticosus L.) on anxiety-like behaviour in Wistar rats”,
International journal of food sciences and nutrition, 70(7). 856-
867. January 2019.

Pellow, S., Chopin, P., File, S.E., Briley, M. “Validation of open:
closed arm entries in an elevated plus-maze as a measure of
anxiety in the rat”, Journal of Neuroscience Methods, 14(3). 149-
167. August 1985.

Cohen, H., Matar, M.A., Joseph, Z. “Animal models of post-
traumatic stress disorder”, Current Protocols in Neuroscience,
64(1). 9-45. July 2013.

Seibenhener, M.L., & Wooten, M.C. “Use of the open field maze
to measure locomotor and anxiety-like behavior in mice”, Journal
of visualized experiments, (96). €52434: 1-6. Febrary 2015.
Rodriguez-Landa, J.F., Cueto-Escobedo, J., Flores-Aguilar, L.A.,
Rosas-Sanchez, G.U., Rovirosa-Hernandez, M.J., Garcia-Ordufia,
F., Carro-Juarez, M. “The Aqueous Crude Extracts of Montanoa
frutescens and Montanoa grandiflora Reduce Immobility Faster
Than Fluoxetine Through GABAA Receptors in Rats Forced to
Swim”, Journal of Evidence-Based Integrative Medicine, 23. 1-12.
Febrary 2018.

Contreras, C.M., Martinez-Mota, L., Saavedra, M. “Desipramine
restricts estral cycle oscillations in swimming”, Progress in
Neuro-Psychopharmacology and Biological Psychiatry, 2(7).
1121-1128. August 1998.

Borsini F. “Role of the serotonergic system in the forced
swimming test”, Neuroscience & Biobehavioral Reviews, 19(3).
377-395. June 1995.

Rivadeneyra-Dominguez, E., Vazquez-Luna, A., Rodriguez-Landa,
J.F., Diaz-Sobac, R. “A standardized extract of Ginkgo biloba
prevents locomotion impairment induced by cassava juice in
Wistar rats”, Frontiers in Pharmacology, 5(213). 1-6. September
2014.

Puga-Olguin, A., Rodriguez-Landa, J.F., Rovirosa-Hernandez, M.,
German-Ponciano, L.J., Caba, M., Meza, E., Olmos-Vazquez, O.J.
“Long-term ovariectomy increases anxiety-and despair-like
behaviors associated with lower Fos immunoreactivity in the
lateral septal nucleus in rats”, Behavioural Brain Research, 360.
185-195. March 2019.

[27]
(28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Paxinos, G.A.W.C., Watson, C. The rat brain atlas in stereotaxic
coordinates. San Diego, United States, 2014.

Zhu, Y., Liu, F., Zou, X., Torbey, M. “Comparison of unbiased
estimation of neuronal number in the rat hippocampus with
different staining methods”, Journal of Neuroscience Methods,
254, 73-79. October 2015.

Neira-Montoya, C., Sedano-Gelvet, E., Vilcarromero, V.M.E.
Histologia, Técnicas Microscopicas. Departamento Académico de
Ciencias Morfolégicas, Universidad Mayor de San Marcos, Lima,
Perti. 2008.

Mitchell, T.M. Machine learning, McGraw-Hill Higher Education,
United States. 1997.

Witten, I.H., Frank, E. “Data mining: practical machine learning
tools and techniques with Java implementations”, Acm Sigmod
Record, 31(1). 76-77. March 2002.

Tejada, J., Bosco, G.G.,, Morato, S. Rogue, A.C.
“Characterization of the rat exploratory behavior in the elevated
plus-maze with Markov chains”, Journal of neuroscience methods,
193(2). 288-295. November 2010.

Vegetabile, B.G., Stout-Oswald, S.A., Davis, E.P., Baram, T.Z.,
Stern, H.S. “Estimating the entropy rate of finite Markov Chains
with application to behavior studies”, Journal of Educational and
Behavioral Statistics, 44(3). 282-308. November 2019.

Pellow, S., File, S.E. “Anxiolytic and anxiogenic drug effects on
exploratory activity in an elevated plus-maze: a novel test of
anxiety in the rat”, Pharmacology biochemistry and behavior, 24.
525-529. March 1986.

Bertagna, N.B., Dos Santos, P.G.C., Queiroz, R.M., Fernandes,
G.J.D., Cruz, F.C., Miguel, T.T. “Involvement of the ventral, but
not dorsal, hippocampus in anxiety-like behaviors in mice exposed
to the elevated plus maze: participation of CRF1 receptor and
PKA pathway”, Pharmacological Reports, 73(1). 57-72. Febrary
2021

Cohen, H., Zohar, J., Kaplan, Z., Arnt, J. “Adjunctive treatment
with brexpiprazole and escitalopram reduces behavioral stress
responses and increase hypothalamic NPY immunoreactivity
in a rat model of PTSD-like symptoms”, European
Neuropsychopharmacology, 28(1). 63-74. January 2018.
Sonavane, G.S., Sarveiya, V.P., Kasture, V.S., & Kasture, S.B.
“Anxiogenic activity of Myristica fragrans seeds”, Pharmacology
Biochemistry and Behavior, 71(1-2). 239-244. January—February
2002.

Kalueff, A.V., Tuohimaa, P. “The grooming analysis algorithm
discriminates between different levels of anxiety in rats: potential
utility for neurobehavioural stress research”, Journal of
neuroscience methods, 143(2). 169-177. April 2005

Perrot-Sinal, T.S., Gregus, A., Boudreau, D., Kalynchuk, L.E.
“Sex and repeated restraint stress interact to affect cat odor-
induced defensive behavior in adult rats”, Brain research, 1027.
161-172. November 2004.

Detke, M.J., Rickels, M., Lucki, I. “Active behaviors in the rat
forced swimming test differentially produced by serotonergic and
noradrenergic antidepressants”, Psychopharmacology, 121(1). 66-
72. September 1995.

Carobrez, A.P., Bertoglio, L.J. “Ethological and temporal analyses
of anxiety-like behavior: the elevated plus-maze model 20 years
on”, Neuroscience & Biobehavioral Reviews, 29. 1193-1205.
August 2005.

Shishkina, G.T., Kalinina, T.S., Berezova, |.V., Bulygina, V.V,
Dygalo, N.N. “Resistance to the development of stress-induced
behavioral despair in the forced swim test associated with elevated
hippocampal Bcl-xI expression”, Behavioural brain research,
213(2). 218-224. December 2010.

Sapolsky, R.M., Krey, L.C., McEwen, B.S. “The
neuroendocrinology of stress and aging: the glucocorticoid
cascade hypothesis”, Science of Aging Knowledge Environment,
2002(38), cp21-cp21. September 2002.

Suvrathan, A., Tomar, A., Chattarji, S. “Effects of chronic and
acute stress on rat behaviour in the forced-swim test”, Stress,
13(6). 533-540. July 2010.

Aisa, B., Tordera, R., Lasheras, B., Del Rio, J., Ramirez, M.J.
“Cognitive impairment associated to HPA axis hyperactivity after
maternal separation in rats”, Psychoneuroendocrinology, 32(3).
256-266. April, 2007.

Chen, P.Y., Wu, C.Y.C,, Clemons, G.A., Citadin, C.T., Silva, A.C.,
Possoit, H.E., Krzywanski, D.M. “Stearic Acid Methyl Ester



[47]

(48]

[49]
[50]

Journal of Food and Nutrition Research

Affords Neuroprotection and Improves Functional Outcomes after
Cardiac Arrest”, Prostaglandins, Leukotrienes and Essential Fatty
Acids, 159(2020). 1-7. August 2020.

Garcia-Cerro, S., Rueda, N., Vidal, V., Puente, A., Campa, V.,
Lantigua, S., Narcis, O., Velasco, A., Bartesaghi, R., & Martinez-
Cué, C. “Prenatal Administration of Oleic Acid or Linolenic Acid
Reduces Neuromorphological and Cognitive Alterations in
Ts65dn Down Syndrome Mice”, The Journal of Nutrition, 150(6).
1631-1643. June 2020.

Conrad, C.D., Ortiz, J.B., Judd, J.M. “Chronic stress and
hippocampal dendritic complexity: Methodological and functional
considerations”, Physiology & Behavior, 178. 66-81. September
2017.

McEwen, B.S., Sapolsky, R.M. “Stress and cognitive function”,
Current Opinion in Neurobiology, 5(2). 205-216. April 1995.
Drenska, D., Varadinova, M., Boyadjieva, N., Bozhilova-Pastirova,
A. “Effect of anthocyanins and mianserin on neuronal density in
rat hippocampus in a model of oxidative stress”, Pharmacology
online, 2. 133-138. 2008.

[51]

[52]

[53]

[54]

[55]

222

Galea, L.A. “Gonadal hormone modulation of neurogenesis in the
dentate gyrus of adult male and female rodents”, Brain Research
Reviews, 57(2). 332-341. March 2008.

Arauchi, R., Hashioka, S., Tsuchie, K., Miyaoka, T., Tsumori, T.,
Limoa, E., Horiguchi, J. “Gunn rats with glial activation in the
hippocampus show prolonged immobility time in the forced
swimming test and tail suspension test”, Brain and Behavior, 8(8).
1-9. June 2018.

Hashioka, S., Klegeris, A., Mcgeer, P.L. “Proton pump
inhibitors reduce interferon-y-induced neurotoxicity and STAT3
phosphorylation of human astrocytes”, Glia, 59(5). 833-840.
Febrary 2011.

Mosca, F., Hidalgo, G.l., Villasante, J., Almajano, M.P.
“Continuous or batch solid-liquid extraction of antioxidant
compounds from seeds of Sterculia apetala plant and kinetic
release study”, Molecules, 23(7). 1-12. July 2018.

Mansouri, M.T., Soltani, M., Naghizadeh, B., Farbood, Y.,
Mashak, A., Sarkaki, A. “A possible mechanism for the
anxiolytic-like effect of gallic acid in the rat elevated plus maze”,
Pharmacology Biochemistry and Behavior, 117. 40-46. February
2014.

© The Author(s) 2023. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).



