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Abstract

The aim of the current study is to evaluate the effect of
chronic stress of obese or non-obese female rats on the
cognitive function of animals. The animals were
distributed in the following groups: standard diet (Std),
Std+stress, cafeteria diet (Cafe) and Cafe+stress. The
animals in the Std groups were fed standard rodent diet.
The animals in the Cafe groups received palatable
processed high-calorie foods, cola-type beverages, water
and water with sucrose ad libitum, in addition to the
standard diet. From the eighth experimental week on, the
Std+stress and Cafe+stress groups were subjected to
restraint-induced chronic stress model (50 days). Next, the
animals were subjected to the object recognition test. The
animals in the Std, Std+stress and Cafe+stress groups
showed higher new object recognition rate in comparison
to that of the familiar object (square Lego toys used
during the training session of the object recognition test).
Our data also shows memory improvement in the stressed
animals (obese and non-obese). We observed higher N
object recognition index in the Std+stress and Cafe+stress
groups, in comparison to their respective controls. The
study supports the hypothesis that moderate and
repeated stress improves the memory of obese female
Wistar rats.
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Introduction

Obesity has been considered an epidemic and one of the
main public health issues worldwide. It is commonly defined as
the excessive accumulation of body fat, which leads to other
health complications, thereby reducing human life expectancy
[1]. Different comorbidities, such as psychological disorders,
osteoarthritis, type 2 diabetes mellitus, hypertension,

hyperlipidemia, fatty liver, cardiovascular diseases and certain
types of cancer, may be associated with obesity [2]. The
literature shows that obesity leads to neurological disorders
[3]. Obesity may affect the learning ability and cognitive
functions of obese middle-aged and young people [4]. Gunstad
et al. [5] found that 23.9% of the people with severe obesity
(i.e., bariatric surgery candidates) showed learning deficits and
that 22.9% of them showed memory deficits. Increased Body
Mass Index (BMI) has been associated with low cognitive
performance and, apparently, it does not vary due to aging.
This fact provides strong evidence that the adiposity effects on
cognition go beyond the medical comorbidities (for example,
hypertension, type 2 diabetes mellitus, sleep apnea, among
others). Different studies show that patients showed memory
improvement after the obesity treatment [6,7]. Overall, these
results suggest that the cognitive impairment prevails before
the bariatric surgery, but it quickly improves after the surgery.
Studies conducted on rodents confirmed that obesity impairs
cognition [8]. This impairment becomes evident when rodents
are required to use the hippocampus and the surrounding
cortex in tasks such as the Morris water maze, in which they
should use the spatial relationships between the lanes to
navigate to a hidden platform [9]. Cognitive deficiencies have
also been reported in other behavioral tests, such as T-maze
[10], radial maze [11], object recognition test [12], as well as
tests whose responses are not necessarily linked to the
hippocampus and to the cerebral cortex [13,14].

Stress, which is related to the modern world dynamics, is
another health issue affecting millions of people [15].
According to Taylor and Stanton [16], stress may result from a
particular condition and/or lifestyle and lead to a wide range
of behavioural changes. Among these changes, it is worth
highlighting those related to eating habits, which reflect the
interaction between the body physiological status and the
environmental conditions [17]. The relationship among chronic
stress, brain plasticity and cognition is complex. The
hippocampus and the amygdala are particularly susceptible to
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corticosterone-mediated changes, since both structures
contain a large number of glucocorticoid receptors [18].
Several types of stressors may be categorized according to
their psychogenic factors and related to the psychological or
neurological disorders they may cause. It is well known that
restraint-induced stress does not involve physical pain, but it
can induce stress in animals and result in behavioural,
neurochemical and morphological changes [19]. According to
Bowman et al. [19], rodents exposed to the restraint-induced
stress protocol show negative effects, such as memory deficits,
on the central nervous system structures.

Several studies investigated the effects of stress and obesity
on organic functions in experimental models, including rats
and mice [20]. However, most of these studies separately
investigated the effects of obesity and stress. On the other
hand, some studies investigated the effects of the association
between obesity and chronic stress on experimental models
[21,22], but they did not address issues related to cognitive
functions [23], involving male Sprague Dawley rats and male
Wistar rats [24]. Therefore, the lack of studies linking these
two pathological conditions and evaluating its effects on
cognitive function is an interesting gap that needs to be
further investigated, especially considering that human studies
have shown that a stressful life combined with diets rich in fat
and carbohydrates exerts adverse effect on human health and
well-being. Another interesting aspect lies on the fact that
although obesity is most prevalent among women [25], the
experimental studies were focused on male animals.
Important studies found different results when males and
females were evaluated in studies involving obesity [26] and
stress [27]. However, only a limited number of studies has
been conducted on female rodents, fact that also features a
knowledge gap that deserves attention. Regarding obesity,
although some studies used female rats in their experiments,
their behavior with respect to their cognitive functions has not
been the focus of these studies.

Finally, we emphasize that physiological and behavioural
data, taken together, suggest that spatial memory can be
improved given a moderate level of stress exposure, in non-
obese rodents [28]. It has also been suggested that there is an
“inverted U” relationship between stress and cognitive
function [29], such that a moderate level of glucocorticoids has
pro-cognitive effects, whereas too low or too high
glucocorticoid levels are detrimental to cognitive processing
[30]. Thus, the aim of the current study is to evaluate the
effect of chronic stress on obese and non-obese female rats.
We questioned whether obesity might affect female Wistar
rats’ memory and we used the object recognition test to
investigate whether chronic stress in obesity exerts some
influence on the cognitive function of animals.

Materials and Methods

Animals and experimental groups

The herein presented study used female Wistar rats coming
from matrices of the Central Animal Facility at Federal
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University of Goias (UFG) - Campus Samambaia (Goiania, GO,
Brazil) and kept in the Animal Facility of the Biological
Research Laboratory at Federal Institute of Goias (IF Goiano) -
Campus Urutai (Urutai, GO, Brazil). The animals were
subjected to normal light/dark cycle, with food and liquids
offered ad libitum. The animals were 45 days old (age
corresponding to the final puberty stage) and they were
distributed in the following experimental groups: standard diet
(Std); standard diet+stress (Std+stress); cafeteria diet (Cafe)
and cafeteria diet+stress (Cafe+stress). It is noteworthy that
the diets began to be offered to the animals when they were
45 days old and that the behavioral test was performed when
the animals were young adults. Each experimental group
consisted of six animals and two independent experiments
were performed, thus total of 12 animals per group. The
animals were kept in cages containing at least three animals
each. All procedures were approved by the Ethics Committee
on Animal Use (CEUA) IF Goiano, GO, Brazil (protocol n.
003/2012).

Experimental design

The animals in the Std groups (with or without stress) were
fed standard rodent diet (Nuvilab-CR1°) whose nutritional
composition is shown in supplementary material (Table 1). The
animals in the Cafe groups (with or without stress) were fed
cafeteria diet, which was composed of palatable food with
high caloric content (Table 2-supplementary material). In order
to do so, we used a total of 49 palatable foods, which were
close to the variety of highly caloric foods usually consumed by
humans.

Table 1: Nutritional information from the rodent standard feed
(Nuvilab — CR1) (1) Information obtained from food packaging
(Nuvital, 2014) (2) The protein content of casein used was
approximately 80%.

Ingredients of the standard feed(1)

Ground whole corn, soybean bran, wheat bran, calcium carbonate, dicalcium
phosphate, sodium chloride, mixture of vitamins, minerals and amino acids.

I Warranty levels per kg of the product

Specifications(1

P ) (alka)(1)
Moisture 125
Casein(2) 220
Ether extract 40
Mixture of salts 90
Fibrous matter 70
Calcium 10
Phosphorus 8
kcal 2930

Enrichment per kg of the product

Vitamins: Vitamin A 13.000 Ul; Vitamin D3 2.000 Ul; Vitamin E 34 Ul; Vitamin
K3 3 mg; Vitamin B1 5 mg; Vitamin B2 6 mg; Vitamin B6 7 mg; Vitamin B12
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22 ug; Niacin 60 mg; Calcium pantothenate 20 mg; Folic acid 1 mg; Biotin
0.05 mg; Choline 1900 mg.

Minerals: Zinc 60 mg; Copper 10 mg; lodine 2 mg; Selenium 0.05 mg; Cobalt

Amino acids: Lysine 12 g; Methionine 4,000 mg.
Additives: BHT 100 mg.

1.5 mg; Fluorine 80 mg.

Table 2: Foods offered to the animals of the Cafe groups during the experimental period, with nutritional information.

Processed foods and portion

(in grams) as regards their kcal per portion Carbohydrates (g) Protein (g) Total lipids (g)
nutritional composition

1. Bacon Krik (S&o Jodo

Sabor e Nutrigdo®) (30 g 120 19.8 1.8 3.6
portion)

2. White chocolate bonbon

(Nestle® Brazil) (20 g portion) 93 14 07 36
3. Honey bread (Quero

Quero) (30 g portion) 123 28 1.6 0.4
4. _Salame (Friato®) (50 g 112 25 6 8
portion)

5. Lemon wafer cookies

(Parmalat®) (30 g portion) 165 19 1 95
6. Cprn flakes (Skiny®) (25 g 127 20 18 4.2
portion)

7. Coate.d peanuts (Dori®) 109 20.8 18 24
(25 g portion)

8. Vanilla mini-cake

(Bauducco®) (40 g portion) 164 20 22 8.4
9. Homemade dulce de leche

(Parati®) (30 g portion) 70 7 1 12
10. Mini  bread rolls

(Pullman®) ( 50 g portion) 154 28 3.9 28
11. Sandwich biscuits of

sweet brigadier (Mabel®) (30 147 21 1.7 6.9
g portion)

12. Toasted popcorn (Sédo

Jodo®) (40 g portion) 64.4 12.4 2.1 7.5
13.  Cookies (Bauducco®)

(30 g portion) 151 19 21 7.5
14. Maisena biscuit

(Parmalat®) (30 g portion) 132 22 24 37
15. Tapioca flour biscuit

(Peta Caseira) (25 g portion) "7 2347 09 0.93
16. Pizza flavored biscuit

(Miliopa®) (30 g portion) 128 22 20 35
17.  Caramel-filled bonbon

(Nestlé®) (20 g portion) 92 15 0.6 3.3
18. Strawberry sandwich

biscuit (Amanda®) (30 g 125 16 1 4
portion)

19. Cheese flavored chips

(Miliopa®) (30 g portion) 130 22 22 38
20. Provolone cheese (Vale

Orizona®) (30 g portion) 103 0 8.7 76
21. Hot dog sausage

(Sadia®) (50 g portion) 121 33.7 6.8 9.5
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22. Paio sausage (Sadia®)

(50 g portion) 187 0 8.5 17
23. Bacon flavored chip

(Miliopa®) (25 g portion) 105 18 18 25
24. Mini  chocolate cake

(Bauducco®) (40 g portion) 164 20 22 8.4
25. Prestigio  bonbon

(Nestlé®) (18.4 g portion) 85 " 0 38
26. Mortadella (Friato®) (50 112 25 6 8
g portion)

27. Smoked Calabrian

sausage (Sadia®) (50 g 182 0.8 8.7 16
portion)

28. Lemon wafer cookies

(Amanda®) (30 g portion) 125 16 ! 4
29. S_ugar peanut (Dori®) (15 73 8.9 18 3.4
g portion)

30. Cream biscuits

(Maranata®) (30 g portion) 190 20 2 5
31. Chocolate  donut

(Mabel®) (30 g portion) 125 22 18 35
32. Carrqt cake (Ana Maria®) 159 23 20 5.6
(40 g portion)

33. Ready crackling (Sabor

D'Abadia®) (10 g portion) 68 0 26 62
34. Sweet  brigadier

(Bauducco®) (30 g portion) 133 18 17 6.0
35. Baconzitos — bacon chips

(Elma Chips®) (25 g portion) 126 15 1.9 6.7
36. 'Cashew (Dunorte®) (15 g 88 34 3.0 6.9
portion)

37. Chicken  sausage

(Perdigao®) (50 g portion) 106 20 6.0 8.2
38. Mortadella (Sadilar®) (40 121 34 4.0 10
g portion)

39._ Gomets (Dori®) (20 g 72 18 0 0
portion)

40.  Mini strawberry cake

(Bauducco®) (40 g portion) 146 20 22 64
41. Baked cheese chips

(Cheetos®) (20 g portion) 100 ” 0.9 4.4
42. Wavy potato chip

(Crony®) (25 g portion) 153 14 7 10
43. . Ham (Sadia®) (30 g 36 0.8 39 19
portion)

44. Sweet corn flakes (Ki

gostoso®) (25 g portion) 69 16 13 0
45. I?eanuts (Paulista®) (15 90 13.7 13 0
g portion)

46. Bis — chocolate wafer

(Lacta®) (30 g portion) 149 19 18 71
47. Passatempo — strawberry

filled sandwich biscuit 135 21 1.9 4.8
(Nestlé®) (30 g portion)
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48. Fandangos (Elma
Chips®) (22 g portion) 100 16 15 35
49. Teens Bauny - rolls
(Marilam®) (30 g portion) 134 20 2.4 4.8

It is worth clarifying that the animals in the Cafe and Cafe
+stress groups were daily offered three varieties of palatable
foods ad libitum (randomly selected) based on the foods listed
in Table 2 (supplementary material), in addition to the
standard rodent diet. Therefore, the cafeteria diet was daily
changed as the food offered to the animals was chosen. Figure
1A schematically illustrates the palatable food supply dynamics
and the composition of the cafeteria diet offered to the
animals. The animals in the Cafe and Cafe+stress groups
received the same palatable food variety, in addition to the
standard diet. The Std and Std+stress groups received only
standard rodent diet.
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Beted i1 Table 2)

. Lt -~
.A. b u@\ Cafstaria dist.
mo?:ﬂlf)dmfu cmé_zﬁ;ng Sestpeana, Stondbrt feed The amimals ke Cafe
[food3) (Mrdab - CE1 ) g (with o0
etress)mrere fed
| coferia der mbich
was composed of
pultibl foodwith
e highcabrs cartart
. LS s i
AU BB
Tayl I 6 y . b b
Cometrch wafer s Chocelte a
Hood1) Srads Bucan, Dobm Dol ) {Homilih ~CR1 )
(food2)
Stark of the wperment

Figure 1A: Schematic diagram related to cafeteria diet offer
the female rats of the Wistar Cafe and Cafe+stress groups.
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In addition to palatable foods and standard diet, the animals
in the Cafe and Cafe+stress groups received natural water,
water with sucrose (at the concentration of 300 g/L, adapted
from Estrela et al. [31]) and cola-type beverage ad libitum.

The animals’ body mass was weekly measured using a semi-
analytical digital scale and an additional evaluation of
parameters such as waist circumference and naso-anal length
was performed in the eighth experimental week in order to
assess whether the animals were obese before the beginning
of the stress protocol. After eight experimental weeks (Figure
1B), the Std+stress and Cafe+stress groups were subjected to
chronic stress protocol through physical restraint, as it was
proposed by Ely et al. [32]. A plastic tube (25 cm x 7 cm) was
used to limit the animals’ movements and its front part was
perforated in order to allow the animals to breathe. The
animals were daily subjected to the stressor for 1 hour (in the
afternoon, between 2:00 and 3:00 pm), 5 days a week, during
a 50-day period. It is noteworthy that the animals were

© Copyright iMedPub

immobilized in a quiet environment with standard lighting to
avoid additional stress or interference in the circadian cycle.
The combination between the stress protocol and the cafeteria
diet is an attempt to simulate the daily life of obese individuals
generally undergoing low-intensity stresses often associated
with poor diet.
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Figure 1B: Temporal distribution of the experiment and
realized analysis.
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In the 15th experimental week, the animals were subjected
to the object recognition test, which is widely used in trials
related to cognitive function involving rodents [33], as
described below.

Object recognition test

The object recognition test was carried out in a circular
arena (60 cm diameter and 50 cm tall), adapted from Bevins &
Besheer [33]. The test was divided into two sessions: a training
session, followed by one test session (24 h after training).
During the training session, the animals were exposed to two
identical objects (in size, form, and color), defined as familiar
objects (F1 and F2), for five minutes (square Lego toys). During
the test session, a familiar object was replaced by a new object
(N) (24 h after training we used a triangular Lego toy), so that
the animals could explore a familiar object and a new one for
five minutes. At the beginning of each trial the animals were
placed in front of the objects, facing the wall, according to
Akkerman et al. [34]. The time spent to explore each object
was recorded. A crossed-over design was used in all test
sessions, so that the new and the familiar objects were placed
alternately, in order to exclude potential preference for a
certain spatial location of the objects in the box. Exploration
was considered smelling and touching objects with the nose or
forepaws and when the animal was at a distance equal or less
than 2 cm from the objects.The recognition index for each
object was calculated for each animal, as described by Pieta-
Dias et al. [35], and expressed by the ratio: TOX/(TF+TN)
[TOX=time spent exploring the familiar (F) or new (N) object;
TF=time spent exploring the familiar object; TN = time spent
exploring the new object]. Between sessions, the boxes used
in the tests were cleaned with alcohol 10%.



Analyses carried out after the behavioral test

After the behavioral tests were finished, the animals were
euthanized by decapitation in order to measure the relative
mass of visceral and retroperitoneal fats. To this end, the fat
masses were normalized to the body weight using the
following formula: fat mass (g)/body weight (g). The relative
mass of the adrenal glands was analyzed as stress indicator
parameter, according to Estrela et al. [31].

Statistical analysis

The recognition rates were separately calculated for the F
and N objects and subjected to variance analysis according to
the factorial model (two-way ANOVA), by taking into
consideration the factors '"nutrition" (standard diet and
cafeteria diet) and "condition "(stress and no stress), using 12
animals in each group (using ASSISTAT software, version 7.7
beta - distributed for free). Whenever the F value was
significant, we applied the Tukey test at 5% probability for all
recognition index comparisons. Each familiar object
recognition index was also calculated in the Std group training
session, by applying one-sample t test at 50% probability, and
using Assistat software, version 7.7 beta. This assessment was
particularly important to validate the test. The residual
normality was verified using the Shapiro-Wilk test and
Bartlett's test was used to check the data homoscedasticity. It
is worth highlighting that two trained observers recorded the
behavioral parameters during all sessions of the object
recognition test. The same video was analyzed twice, resulting
in an inter-observer concordance higher than 85%.

Results and Discussion

Physical assessments of the animals

The results of the animals’ physical examination showed
that from the 5th experimental week on, the animals fed
cafeteria diet showed significant body mass increase in
comparison to those fed only standard diet (Figure 2A) and
this difference remained until the end of the experiment
(Figure 2B). There was no difference between the body masses
of stressed and non-stressed animals, indicating that stress
had no effect on this parameter.
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Figure 2A: Weekly initial vs final body mass of Wistar rats
subjected to standard and cafeteria diets, exposed or not to
chronic stress by restriction, in the eighth experimental
week. Std: standard diet group; Cafe: cafeteria diet group;
Std+stress: standard diet group with stress; Cafe+stress:
cafeteria diet group with stress. Data expressed in means *
standard deviation. The arrow with an asterisk indicates the
week from which the body mass of the animals fed with
cafeteria diet was higher than the body mass of animals fed
with standard diet. The dashed arrow indicates the week in
which the chronic stress protocol started.
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Figure 2B: Initial vs. final body mass of Wistar rats subjected
to standard and cafeteria diets, exposed or not to chronic
stress by restriction, in the eighth experimental week. Std:
standard diet group; Cafe: cafeteria diet group; Std+stress:
standard diet group with stress; Cafe+stress: cafeteria diet
group with stress. Data expressed in means * standard
deviation. B: beginning of the experiment; E: end of the
experiment. Distinct letters indicate statistical difference
(p<0.05) between experimental groups. Lowercase letters
compare groups at the beginning of the experiment.
Uppercase letters compare groups at the end of the
experimental period (15 weeks). The asterisks (*) indicate
significant differences (p<0.05) between the experimental
groups, considering the beginning and the end of the
experiment.
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In the 8th experimental week, it was also observed that the
animals fed cafeteria diet had higher naso-anal length
(p=0.043) and greater waist circumference (p<0.001) (Figure
2C). At the end of the experiment, only the factor “nutrition”
had effect on the relative retroperitoneal fat (F(1,44)=71.202;

This article is available from: 10.21767/2471-8203.100012



p<0.001) (Figure 3A) and visceral mass (F(1,44)=32.887;
p<0.001) (Figure 3B). Figure 3C shows representative images
of the visceral fat visual aspect observed in the animals of the
Std and Cafe groups (with or without stress). Therefore, these
data indicate that the cafeteria diet effectively induced obesity
in the animals. The data in the current study corroborate other
studies in the literature, which also used cafeteria diet to
induce obesity in rodents, and in which the body mass gain

was an important obesity predictor [36,37].
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Figure 2C: Naso-anal length and abdominal circumference
of Wistar rats subjected to standard and cafeteria diets,
exposed or not to chronic stress by restriction, in the eighth
experimental week. Std: standard diet group; Cafe: cafeteria
diet group; Data expressed in means + standard deviation.
The asterisks (*) indicate significant differences (p<0.05)
between the Std and Cafe groups, according to Student’s t-
test at 5% probability.

Obesity & Eating Disorders

2016

ISSN 2471-8203 Vol.2 No.1:12
4 1
30
&
2 20
E
Bz
[
Q
210
>
b b
0 [ | [ L
Std Std + stress Cafe Cafe + stress

Figure 3B: Visceral fat mass of Wistar rats subjected to
standard and cafeteria diets, exposed or not to chronic
stress by restriction. Distinct lowercase letters indicate
statistically significant differences between the
experimental groups. Std: standard diet group; Cafe:
cafeteria diet group.
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visceral fat of animals at the end of the experiment -
standard diet (with or without stress) and cafeteria diet
(with or without stress). Distinct lowercase letters indicate
statistically significant differences between the
experimental groups. Std: standard diet group; Cafe:
cafeteria diet group.
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However, the hypothesis that chronic stress could lead
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Figure 3A: Retroperitoneal fat mass of Wistar rats subjected
to standard and cafeteria diets, exposed or not to chronic
stress by restriction. Distinct lowercase letters indicate
statistically significant differences between the
experimental groups. Std: standard diet group; Cafe:
cafeteria diet group.
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animals to a greater obesity status was not confirmed in the
current study. Studies, such as that conducted by Bartolomucci
et al. [38], showed that chronic stress can elevate the
glucocorticoid concentrations, which induce pleasurable and
compulsive behaviors such as the intake of sweets and fatty

foods.

Therefore, it may increase the abdominal fat deposits, thus
taking the body to obesity. Studies performed on humans
demonstrate that individuals stressed at work, for example,
tend to accumulate large amounts of abdominal fat [39].



On the other hand, animals subjected to hypercaloric diets
with high carbohydrates content showed mitigated responses
to stress [40]. There is strong evidence that chronic stress can
promote energy storage in the abdominal adipose tissue [41],
but this finding was not observed in the current study,
probably due to stress-inducing protocols have been different.

Macedo [42] evaluated weight and biochemical parameters
in male Wistar rats fed with cafeteria diet and subjected to
chronic stress and he did not observe the joint influence of
stress and obesity on the body mass gain of the animals, on
the weight delta (the range between the initial and the final
weights), on the Lee index (ratio between the weight and the
naso-anal length of the animals) and on the mass of fat tissue
per 100 g of body mass.

Macedo [42] also advocates that the adrenocorticotropic
hormone continuously stimulates the adrenal glands in chronic
stress conditions, thus leading these glands to hypertrophy.
Thus, since the glucocorticoid concentrations were not
evaluated in the present study, the weight of the adrenal
glands was used as indirect stress indicator parameter, and it
showed that the animals were stressed by the used protocol.
The effect of the factor 2 "condition" (exposure to stress) was
observed in the adrenal glands relative mass
(F(1,44)=6.681,p=0.032), showing the hypertrophy of these
glands in stressed animals in comparison to non-stressed
animals (Figure 4).

This result corroborates previous studies that used protocols
similar to that used in the current study and showed that the
exposure to stress by daily restraint may cause adrenal glands
hypertrophy [31,43].
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Figure 4: Relative adrenal gland mass (g) of female Wistar
rats of the no stress and stress groups (n=24 per group).
Comparison between no stress and stress (Factor 2) by two-
way ANOVA, at 5% probability (n=24). Different letters
indicate statistical differences between standard diet and
cafeteria groups.
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It is worth emphasizing that the measurement of
glucocorticoid concentrations may not indicate that the
animals are stressed. It is well known that repeated exposure
to the same stressor can lead to habituation of the
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hypothalamic-pituitary-adrenal (HPA) axis [44]. Therefore, the
animals subjected to chronic stress did not exhibit the same
behavior and did not experience the same consequences the
animals exposed to acute stress did [45].

Torres et al. [44] evaluated adult male Wistar rats and found
that the corticosterone concentrations increased after the
exposure to acute restraint. In contrast, Macedo et al. [46]
showed no changes in corticosterone concentrations after
repeated chronic stress (for 6 weeks), thus suggesting HPA axis
adaptation. Importantly, these studies used male Wistar rats,
whereas the current study used female rats. Macedo et al. [47]
showed increased weight in the adrenal glands of male Wistar
rats subjected to 12 weeks of restraint-induced chronic stress,
thus corroborating the results found in the current study.

Balog et al. [27] recently evaluated biochemical markers
related to cardiometabolic risks as well as leptin and sex
hormone receptors in the adrenal glands of male,
ovariectomized (OVX) and non-ovariectomized (non-OVX)
female rats (Sprague-Dawley) under chronic stress. Early
changes in the specific gender pattern were found in the
adrenal glands in response to stress. Chronic stress changes on
the adrenal glands were related to the decreased testosterone
receptor in females and to the increased estrogen receptor in
males. Thus, additional studies are needed to help better
understanding the hormonal dynamics in stressed Wistar rats
fed with cafeteria diet and its effects on the glucocorticoid
concentrations, as well as on the adrenal glands’ structure and
function.

Behavioral assessment

Our data initially showed that the recognition rates of
familiar objects (F1 and F2) in the animal training session of
the control group were different from zero and showed no
significant differences according to the one-sample t-test, at
50% chance level (Figure 5).
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This result constitutes one of the test validation indicators,
since it shows that the random scanning of the objects in the
training session resulted in an equal holding of both objects,
and excludes potential influences in the preference for a
particular spatial location of objects placed in the test arena.
On the other hand, the object recognition test revealed
significant differences between the familiar and new objects (F
and N) recognition indices in most experimental groups (Figure
5). The animals in the Std, Std+stress and Cafe+stress groups
showed increased N object recognition index (p<0.001) in
comparison to the F object. This result was not observed in the
Cafe group rats (Figure 5), and it suggests that obesity has
adversely affected the animals’ cognitive function, thus
corroborating the results already observed in other study [12].
Therefore, it is suggested that obesity alone has interrupted
the hippocampal-dependent memory consolidation.

Our data also showed memory improvement in the stressed
animals (obese and non-obese). Figure 5 shows higher N
object recognition index in the Std+stress and Cafe+stress
groups, in comparison to their respective controls. These data
corroborate other studies that have shown the effects of
moderate stress on the memory of experimental models
[48,49].

The neural mechanisms responsible for the improvement in
cognitive function after exposure to chronic moderate stress
(obese or non-obese) have not been investigated in the
current study. The improved memory in the Cafe+stress group
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may be particularly related to glutamatergic transmission in
the prefrontal cortex (a key brain region controlling cognition
and emotion) facilitating working memory and not related to
lesions in the hippocampus or destruction of inputs to the
hippocampus disrupts acquisition of the object recognition
test, as observed in other studies [50,51]. According to Joéls
[30], the stress within the context of a learning situation leads
to the release of corticosteroids, resulting in focused attention
and memory improvements. In this case, the deleterious effect
of obesity on the animals’” memory may have been modulated
by stress conditions imposed to them, which led to
improvement in the cognitive function of obese animals.

Thus, the herein presented study supports the hypothesis
that chronic exposure to moderate and repeated stress
improves the memory of obese female Wistar rats; this aspect
has never been demonstrated before. Yuen et al. [48] studied
rodents and observed that acute stress can produce a
beneficial effect on learning and on memory due to the effect
of the stress hormone corticosterone on the prefrontal cortex
of the brain, which is a key region that controls learning and
emotion. In another study, Costa et al. [49] suggested that the
manipulation of rats (which would be a stressful situation)
reduces anxiety levels and improves learning and memory
skills.

Despite our evidence, it is important to note that the
restraint-induced stress leads to neuronal loss and to
morphological remodeling in the dorsal hippocampus [52], as
well as to the dendritic remodeling of neurons in the
prefrontal cortex and amygdala of male rodents [53].
Furthermore, it was observed that the chronic restraint of
male rats also causes the atrophy of the dendritic branches in
the spine and changes the synaptic communication between
these regions [54]. As for female rats, Galea et al. [55] also
demonstrated that constraint-induced stress also produces
moderate atrophy of the hippocampal neurons, thus
suggesting memory deficit in the animals. Although this
evidence converge to the fact that stress causes cognitive
impairments in animals, it is necessary to take into
consideration that the aforementioned studies used different
stress-inducing protocols from that used in the current study.
In addition, different rodent strains with different ages were
also used, and these aspects may explain the differences
between these studies and the present one.

Although the corticosterone concentrations were not
evaluated in the present study, it is well established that the
adrenal medulla (epinephrine) and adrenal cortex
(corticosterone in rats, cortisol in humans) hormones are
released during and immediately after the stressful stimulus.
Therefore, the activation degree of these hormonal systems
depends on the severity and on the type of stressor [56]. Thus,
a possible explanation for the lack of harmful effects on the
memory of stressed female Wistar rats could be related to the
type of stress-inducing protocol used in the animals. Since the
herein used protocol was a moderate stress protocol, although
repetitive, it is possible that the animals’ body developed
adaptations that might have prevented cognitive deficits in
animals. Another explanation would be related to the estrous
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cycle stage of the studied females the day the behavioral test
was performed. This explanation may be extrapolated to the
lack of cognitive impairments in non-stressed obese females.
Although the non-determination of the estrous cycle stage of
the female rats is a limitation in the current study, it is possible
that the evaluated females did not show synchronization in
their estrous cycle, i.e., some of them showed hormonal peaks
and the others did not. It is well known in the literature that
the hormone peaks observed at certain estrous cycle stages in
females significantly influence the animals’ behavior [57].

Finally, other investigations should be conducted aiming at
better understanding the cognitive and physiological aspects
of the obesity-stress association in different ovarian cycle
phases. As for stress, Luine et al. [58] conducted a study on
rats and reported neural and behavioral changes dependent
on the animals’ gender, chronic stress duration and age.
Moreover, the change in the estradiol levels between the
genders throughout life appears to contribute to their different
responses to stress [59]. Thus, the stress theories dependent
on the central nervous system modulations—which were solely
developed in male models, focused on peripheral physiological
processes and tested in adults-may require revision when they
are applied to a more diverse population (in terms of age and
gender), at least in relation to the cognition and anxiety neural
functions. In addition, the results of the current study suggest
that other stressors and neural functions should be
investigated to determine whether age, gender and gonadal
hormones also have some influence on studies jointly involving
obesity and chronic stress.

Conclusion

It is concluded that the cafeteria diet used in the current
study effectively induced obesity in female Wistar rats. In
addition, the restraint-related chronic stress protocol
successfully induced stress in the animals. The chronic stress
induced in the animals did not increase obesity in the selected
female rodent lineage. Finally, the hypothesis that stress in
obesity (established in the experimental conditions of this
study) could cause positive effects on the long-term memory
of female Wistar rats was confirmed. It is strongly suggested
that the mechanisms involving the effect of chronic-stress in
obesity should be better investigated in female rats, given the
organic complexity involved in these modern diseases. In
addition, it is important to emphasize that different stress
protocol and stress type can have different outcomes.
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