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INTRODUCTION

In the postmenopausal period, there is a decrease in 
ovarian hormone production, and physiological and 
psychological effects occur in women, such as depres-
sion, anxiety, irritability, and nervousness [1]. Bilateral 
ovariectomy (OVX), a surgical model of menopause, 
has been proven to induce anxiety [2] and depressive-
like behavior [3] in rodents. This fact could be related 
to a significant decrease in the dopamine and serotonin 
release in the brains of the OVX group of rats [4]. The 

role of the glutamate neurotransmitter was currently 
evidenced by the study of Lipsitz et al. [5], where four 
intravenous injections of ketamine (N-methyl D-
aspartate receptor antagonist) were able to cause im-
provements in social functions and suicidal ideation in 
postmenopausal women. Many women have specific 
contraindications to the use of hormone replacement 
therapy during the menopause, which is based on the 
use of synthetic forms of estrogen [6]. The search for 
alternative resources that treat, or ameliorate, the symp-
toms of the menopause, without side effects or contra-
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indications, is increasing.
Linolenic acid belongs to the group of polyunsaturat-

ed omega-3 fatty acids, as does eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) [7]. Larrieu 
and Layé [8] reviewed that omega-3 could act on the 
brain through the effect of members of the “rhodopsin-
like” GPCR family, the endocannabinoid system, and 
the hypothalamic-pituitary-adrenal axis systems, all of 
which modulate mood-related behaviors. The antide-
pressant effect caused by omega-3 could be attributed 
to its immune-modulating actions and inflammatory 
progression, as seen in other depressive-like-induced 
behavior, by either chronic stress, lipopolysaccharide, 
or OVX [9]. The anxiolytic effect of omega-3 in the 
OVX rats was associated with higher hippocampal 
concentrations of L-Dopa and 5-HIAA, and with an 
elevated serotonin turnover [10].

In this sense, omega-3 has shown similar vascular 
beneficial effects in both postmenopausal women and 
an animal model of OVX, which could be related to 
the antioxidant and/or anti-inflammatory effects [11]. 
Manlapaz-Mann et al. [12] supported that daily oral 
supplementation with antioxidants, like omega-3, co-
enzyme Q10, and glutathione nanoparticles, from the 
first post-natal day, until the 14th day, in a neonatal 
intermittent hypoxia model, had therapeutic benefits 
during the treatment, by decreasing the oxidative dam-
age and the inflammatory prostanoids in the brain. 
The anxiety and depression-like behaviors in the 
OVX rats were associated with an increase in neural 
apoptosis, microglial activation in the hippocampus, 
enhancement of the proinflammatory cytokine ex-
pression, and the suppression of the expression of the 
anti-inflammatory cytokine, interleukin-10 [9]. The 
same study also showed that supplementation with 
omega-3 exerted antidepressant and neuroprotective 
activities, which were accompanied by neuroimmune-
modulating actions, like maintaining the normal 
homeostatic balance between the M1 and the M2 mi-
croglial phenotypes. These activities are linked to the 
production of proinflammatory or anti-inflammatory 
cytokines, respectively. According to Diaz Brinton [13], 
it remains unclear if the changes that are caused by the 
surgical procedures that are conducted in preclinical 
translational animal models mirror those that women 
experience at a comparable age (6–10 months of age in 
the rodents). OVX in reproductively capable rodents 
provides a remarkably predictive model of ovariectomy 
in premenopausal women [14]. Preclinical models of 

surgical interventions have the potential to advance 
the understanding of medium-term OVX in rats [15]. 
It is known that there is an increase in anxiety-like and 
depression-like behavior, 3 weeks post-OVX in the rats, 
which might be related to a reduction of the steroid 
hormones at 2 weeks post-OVX, as this is a status fea-
ture of postoperative menopause [15]. 

As a consequence, the present study aimed to investi-
gate the behavioral cognitive effects of omega-3 treat-
ments in rats, such as anxiety and depression, as well as 
the involvement of the glutamate levels that were sub-
sequently measured in the cerebrospinal fluid (CSF). 

MATERIALS AND METHODS

Animals

The animal experiments were approved by the Com-
mittee for the Care and Use of Laboratory Animals at 
the Lutheran University of Brazil (ULBRA) (protocol 
No. 2015.31) and they were carried out in accordance 
with the National Institutes of Health and University 
Guidelines for the Care and Use of Laboratory Animals. 
Twenty-four healthy female adult Wistar rats, weighing 
about 200 g, at 8 weeks of age, were maintained under 
standard environmental conditions, with a 12 h day-
night cycle, and with a temperature of 22°C ± 2°C. The 
animals were provided with a standard pellet diet, and 
with water ad libitum. 

Surgical procedure and supplementation

The animals were anesthetized by using ketamine 
and xylazine, at 50 mg and 5 mg/kg (intraperitoneal), 
respectively. Bilateral OVX was carried according to 
Parhizkar et al. [16]. The rats were randomly assigned 
into four groups, as follows: sham-operated treated 
with water (SO-W, n = 5); sham-operated treated with 
omega-3 (SO-O, n = 5); OVX treated with water (OVX-
W, n = 6); and OVX treated with omega-3 (OVX-O, n 
= 6). The supplementation was performed 20 days be-
fore and 20 days after the surgical procedure, at a daily 
dose of 500 mg/kg/day of omega-3 (1,000 mg capsules, 
containing 180 mg of EPA and 120 mg of DHA; Multi-
phytus, Porto Alegre, Brazil), according to the study by 
Lakhwani et al. [17]. 

The animals had a postoperative stabilization period 
to minimize the possible complications due to the sur-
gery. After surgery, the rats received meloxicam (0.2 
mg/kg, subcutaneous) for 3 days. During the recovery 
from anesthesia, they remained under a heated mat-
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tress. In the postoperative period, the surgical wounds 
were inspected daily and treated topically with rifampi-
cin for seven days. The supplementation with omega-3 
was maintained during this period.

The weight assessment was carried out on days 0, 
20, and 40. On the 40th day, the behavioral study was 
evaluated. Upon completion of the behavioral study, 
the animals were sacrificed by an overdose inhalation 
of isoflurane, and their CSF was analyzed. 

Open field test

Each animal was placed in the center of a white open-
field arena (60 cm × 40 cm × 50 cm), with the back-
ground equally divided into 16 squares by black lines. 
The horizontal locomotor (crossings) and vertical ex-
ploratory (rearings) activities were analyzed [18]. 

Forced swimming test

This test was performed according to Slattery and 
Cryan [19], where immobility was considered as an 
indicator of the depressive state. The rats were indi-
vidually placed in a polyvinyl chloride cylinder (height, 
45 cm; diameter, 20 cm) that was filled with water to a 
depth of 30 cm, at 25°C ± 1°C, for 5 minutes.

Elevated plus-maze test

The maze consisted of two open arms (51 cm × 10 
cm) and two enclosed arms (51 cm × 10 cm × 41 cm), 
extending from a common central platform (10 cm × 
10 cm) that was elevated 55 cm above the floor. The 
animals were placed in the center of the maze, facing an 
open arm to begin the test. The behavior of the animals 
was observed for 5 minutes. The frequency of the open 
and closed arm entries was counted [20].

 Thiobarbituric acid reactive substances (TBARS) 
and catalase (CAT) in the brain tissue

The brains were dissected and homogenized in a spe-
cific buffer and centrifuged. The concentration of the 
proteins in the brain homogenates was determined by 
the method of Lowry et al. [21] in a spectrophotometer 
(Shimadzu, Kyoto, Japan) at 625 nm. The supernatants 
were mixed with 10% trichloroacetic acid and 0.67% 
thiobarbituric acid. This mixture was incubated for 15 
minutes in a dry block at 100°C and then cooled for 
5 minutes. After the cooling of the samples, 1.5 mL of 
N-butyl alcohol was added to extract the formed pig-
ment. They were placed on a shaker for 45 seconds and 
centrifuged for 10 minutes at 3,000 rpm. Finally, the 

samples were read on a spectrophotometer at 535 nm. 
The levels of the TBARS were reported as nmol TBARS 
per mg of protein [22].

To evaluate the CAT activity, the method was based 
on the ability of this enzyme to decompose hydrogen 
peroxide (H2O2). The reaction was started with the ad-
dition of H2O2 into the medium. The test consisted of 
measuring the decrease in absorption at 240 nm in the 
spectrophotometer. The CAT activity was expressed as 
pmol/g of tissue [23].

Glutamate in the CSF

The CSF was removed by a puncture in the cisterna 
magna. An analytical UV spectrophotometric method 
was performed, according to Ferreira et al. [24]. The 
measurements on the UV–Vis spectrophotometer were 
performed at the maximum absorption wavelength of 
265 nm, after the derivatization reaction of the neu-
rotransmitter.

Statistical analysis

The normality of data was carried out by the Kol-
mogorov–Smirnov test. The data analysis was con-
ducted by one-way ANOVA, followed by the Student–
Newman–Keuls post hoc test for all of the analyses, 
except for the weight assessment, which used two-way 
ANOVA, followed by Bonferroni’s post hoc test. The 
results were expressed as mean ± standard error, and a 
P value < 0.05 was considered significant.

RESULTS

Weight assessment

For 20 days, the weight of the animals did not show 
any significant difference between the groups. The 
OVX-W group (302.0 ± 12.81 g, P < 0.05) showed a 
significant increase in body weight on the 40th day 
when compared with the SO-W (270.5 ± 3.15 g) and 
SO-O (268.0 ± 6.59 g) groups.

Open field test

The OVX-W group (29.67 ± 2.91) suggested more 
anxious behavior because it moved significantly less 
when compared with the OVX-O (55.33 ± 2.81, P < 
0.001), SO-W (41.83 ± 2.90, P < 0.05), and SO-O (39.60 
± 1.99, P < 0.05) groups. There was also a significant 
difference between the OVX-O, SO-W, and SO-O (P < 
0.05) groups (Fig. 1A). Concerning the exploratory be-
havior, there were no significant differences (Fig. 1B).
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Forced swimming test

In the forced swimming test, the OVX-W group (22.50 
± 1.56 seconds) had a significantly longer immobility 
time when compared with the SO-W (11.83 ± 0.63 sec-
onds, P < 0.001), SO-O (13.20 ± 1.11, P < 0.001), and 
OVX-O (16.20 ± 0.86, P < 0.01) groups. 

Moreover, the group OVX-O also showed a signifi-
cant increase in the immobility time when compared to 
the SO-W group (Fig. 2).

Elevated plus-maze test

In the elevated plus-maze test, the OVX-W group 
(35.01 ± 7.96 seconds) remained a significantly shorter 
time in the open arms when compared with the SO-W 
group (79.33 ± 7.36 seconds, P < 0.05) (Fig. 3A). The 
number of entries into the open arms of the OVX-W 
group was lower (4.83 ± 1.25) but it was similar to the 
SO-W group (4.33 ± 1.08). The groups that were treat-
ed with omega-3 also showed similar behavior (SO-O, 
9.33 ± 1.33; OVX-O, 9.71 ± 0.68) (Fig. 3B).

The OVX-W group remained longer in the closed 
arms (263.70 ± 8.26 seconds) (Fig. 3C). The animals 
that were treated with omega-3 (SO-O: 238.21 ± 4.21 
seconds; OVX-O: 249.70 ± 11.45 seconds) did not 
show any significantly different behavior. The same 
happened with the number of entries into the closed 
arm (Fig. 3D). 

 Analysis of the TBARS and CAT in the brain and the 
liver

The levels of the TBARS in the brain of the animals 

were not different between the groups (Fig. 4A). Hav-
ing said that, the levels of CAT in the same tissue as the 
SO-W group (6.13 ± 0.21 pmoles/mg of protein) were 
significantly different to the SO-O group (3.93 ± 0.57 
pmoles/mg of protein, P < 0.05) (Fig. 4B).

Analysis of glutamate in the CSF

The SO-O group had an increase (0.55 ± 0.01 µmol/
mL, P < 0.001) in the levels of glutamate in the CSF 
when compared with the OVX animals and the SO-W 
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Fig. 3. Effects of omega-3 (per os [oral administration]) for 40 days on the elevated plus-maze test for the sham-operated and ovariectomized rats. 
Each bar represents the mean ± standard error of 5–6 animals. *P < 0.05 when compared with the OVX-W group. One-way ANOVA, followed by the 
Student–Newman–Keuls test. SO-W: the sham-operated rats treated with water, SO-O: the sham-operated rats treated with omega-3, OVX-W: the 
ovariectomized rats treated with water, and OVX-O: the ovariectomized rats treated with omega-3. 
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sham-operated water-treated animals (0.36 ± 0.30 
µmol/mL, P < 0.05) (Fig. 5). The OVX-O (0.26 ± 0.03 
µmol/mL) group showed similar values to the OVX-
W group (0.25 ± 0.05 µmol/mL) but they were signifi-
cantly lower than the SO-W group. 

DISCUSSION

According to Yousefzadeh et al. [25], rats reach sexual 
and skeletal maturity at around 2.5 months and 10 
months of age. Because of this, 6-month-old rats are 
preferred to 9-month-old rats, due to the lower age-re-
lated changes. This present study used 8-week-old rats, 
as the study did not intend to evaluate the osteoporosis 
parameters. To access the anxiety and depression-like 
behavior, many authors have used older animals for 
the OVX model [3,9,26,27]. The treatment period was 
based on the results of Puga-Olguín et al. [15], who 
demonstrated an increase in mood-change behavior, 
3 weeks post-OVX. The current work hypothesized 
that a pre-treatment with omega-3 before ovariectomy 
could occur in clinical practice with humans. It could 
possibly minimize the effects of surgical menopause, 
although this has never been studied and described.

In the present work, the OVX animals substantially 
increased their body weight on the 40th day. The 
supplementation with omega-3 did not interfere with 

this parameter. The supplementation of omega-3 in-
duced an increase in the locomotory activity, as seen 
in the open field test, at the same levels as the OVX 
animals. The depression-like behavior was improved 
in the forced swimming test, where the supplemented 
ovariectomized animals showed a resemblance to the 
behavior of the sham-operated animals. The sham-
operated rats, or the ovariectomized supplemented rats 
with omega-3, did not show anxious behavior when 
evaluated in the elevated plus-maze. 

The appropriate balance of excitation and inhibition 
is critical for normal brain function. This is achieved 
by the opposing actions of excitatory glutamate and the 
inhibitory gamma-aminobutyric acid (GABA) [28]. It 
is known that OVX animals develop depressive- and 
anxious-like behaviors [29], and this can be related to 
an imbalance between the excitatory and inhibitory 
neurotransmission [30]. Sandini et al. [31] suggested 
that there was a link between the estrogen activation 
and the neurotransmitters because it was observed that 
there was an increase in both the glutamate and GAB-
Aergic levels in the limbic regions of the intact female 
middle-aged rats (12 months). 

Qu et al. [32] found that 1 week after the OVX, the 
rats showed a loss of neurons and synapses in the hip-
pocampus, as well as a decrease of ERα but not with 
the ERβ expression. Both Jin and Park [33] and Choi 
and Park [34] stated that the EPA and DHA supple-
mentation, plus or not the 17β-estradiol-3-benzoate 
(E2) injection, increased the ERα in the hippocampus 
but ERβ was increased only by the E2 injection. Over-
all, Gross and Mermelstein [35] revealed that there was 
a mechanism that has emerged in the coupling of ERα 
and ERβ with the mGluRs, to initiate the G protein sig-
naling cascades, which ultimately influence neuronal 
physiology, structure, and behavior. According to the 
same authors, the heterogeneity of possible receptor 
pairings led to diverse molecular results, and this can 
conduce the biological processes. 

Slowik et al. [36] revealed that psychiatric disorders, 
such as depression, could be modulated by estrogen. 
Estradiol modulates the glutamate transmission via a 
complex relationship that involves direct interactions 
between the subtypes of the estrogen receptor (ER) 
and the subtypes of the metabotropic glutamate recep-
tor (mGlu). This can protect against glutamatergic 
excitotoxicity and it attenuates the amount of calcium 
entering the cell, following the glutamate release [37,38]. 
Recently, it was investigated that an activation of 
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mGlu5 was necessary for the estradiol mitigation of the 
anxiety-related behaviors that are induced by an acute 
stressor [39]. 

In the present study, the results have indicated that 
there was a decrease in the level of glutamate in the 
CSF of the menopaused rats when compared with the 
sham-operated animals. The present data differs from 
the findings of Sandini et al. [31]. Since ovariectomy is 
a surgical model of menopause, this causes an abrupt 
cessation of estrogen that leads to complex changes in 
the homeostasis [40]. The data also differs from the re-
sults of Zhou et al. [41] who behaviorally demonstrated 
that the antidepressant and anxiolytic effects in the 
OVX mice that were submitted to chronic unpredict-
able mild stress, were possibly mediated via the restora-
tion of the brain neurotransmitters, such as dopamine, 
serotonin, GABA, and glutamate, and their related 
biomarkers in the different brain regions. The authors 
verified that the OVX mice displayed higher levels in 
the hippocampal and the cortical glutamate than did 
the sham-operated mice. The current findings have 
suggested that the depressive and anxious behaviors in 
the OVX rats were related to the decrease in the ERα 
[32] and glutamate levels in the CSF. 

The behavioral improvements in the OVX animals 
that were treated with omega-3 cannot be related to the 
glutamatergic changes but with its antioxidant and anti-
inflammatory effects [11], although the current work 
did not verify the antioxidant effects. Some examples 
are that Behling et al. [42] showed that the omega-3 
treatment in the OVX rats had a prooxidant effect 
on the brain. Avramovic et al. [43] showed that lipid 
peroxidation was significantly decreased in the supple-
mented animals with omega-3 and that the CAT activi-
ty was also decreased, but not significantly. Monteiro et 
al. [44] revealed that thirty days after ovariectomy, the 
animals presented a significant increase in the CAT ac-
tivities but that they did not change the oxidative stress 
parameters (radical-trapping the antioxidant potential 
and the TBARS) when compared with the sham or the 
other rats. As a consequence, the present results have 
corroborated the idea that omega-3 does not improve 
membrane lipid peroxidation in the brain tissue.

Curiously, the present results have shown that there 
was a significant increase in the glutamate levels in the 
CSF of the sham-operated animals that were supple-
mented with omega-3. This might suggest that ad-
equate levels of estrogen and ERα could protect against 
the excitotoxic effects of the glutamate, while not lead-

ing to anxious behavior. Aryal et al. [45] showed that 
the hippocampal synaptosomes of the omega-3 fatty 
acid-deficient mice had reduced concentrations of the 
glutamate receptor subunits. Under this scenario, the 
expressions of the ER and glutamate receptors in the 
omega-3 supplemented rats would need to be inves-
tigated, to correlate with the present findings of this 
study. 

Estrogen potentiated the release of glutamate and act-
ed on the postsynaptic membranes that are related to 
synaptic plasticity [46], and also increased the expres-
sion of the NMDA receptor and its sensitivity to glu-
tamate [47]. Brinton [48] showed that this mechanism 
led to an increase in neuronal excitability, generating 
the morphological plasticity changes, such as an in-
crease in spine density in the hippocampus, amygdala, 
and prefrontal cortex. The present observations are po-
tentially interesting but the determination of the brain 
regions that showed changes in the glutamatergic activ-
ity, or how the ovarian hormones and omega-3 affected 
the neurotransmitter, would help in the understanding 
of the physiological significance of the data. 

In summary, the results of the present work have rein-
forced the improvement of the anxious and depressive-
like behavior that was caused by the supplementation of 
omega-3 in the post-menopause period. To the best of 
the authors’ knowledge, this is the first report that has 
shown that the OVX model of menopause caused a de-
crease in the glutamate levels in the CSF. The glutamate 
levels were not improved by the omega-3 supplementa-
tion in the OVX rats, although in the sham-operated 
animals, the levels increased significantly. The exact 
mechanism by which the polyunsaturated fatty acids 
exerted an increase in the glutamate level in the CSF of 
the sham-operated rats is still not clear. Further studies 
need to be addressed to investigate the role of omega-3 
in the brain regions, which are related to the anxious 
and depressive-like behavior, mainly regarding the 
glutamatergic projection. Therefore, the present results 
bring novel data related to the glutamatergic system 
and confirm that more studies are needed to explore 
this field. 

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article 
was reported.



139

Ovariectomized Rat Model of Menopause

REFERENCES

 1. Pınar ŞE, Yıldırım G, Duran Ö, Cesur B. A problem peculiar to 
women: mental health in menopause. J Hum Sci 2015; 12: 787-98.

 2. Campos GV, de Souza AMA, Ji H, West CA, Wu X, Lee DL, et 
al. The angiotensin type 1 receptor antagonist losartan prevents 
ovariectomy-induced cognitive dysfunction and anxiety-like be-
havior in long evans rats. Cell Mol Neurobiol 2020; 40: 407-20.

 3. Wada T, Sameshima A, Yonezawa R, Morita M, Sawakawa K, 
Tsuneki H, et al. Impact of central and peripheral estrogen treat-
ment on anxiety and depression phenotypes in a mouse model of 
postmenopausal obesity. PLoS One 2018; 13: e0209859.

 4. Izumo N, Yukiko I, Kagaya N, Furukawa M, Iwasaki R, Sumino 
A, et al. Lactoferrin suppresses decreased locomotor activities by 
improving dopamine and serotonin release in the amygdala of 
ovariectomized rats. Curr Mol Pharmacol 2021; 14: 245-52.

 5. Lipsitz O, McIntyre RS, Rodrigues NB, Lee Y, Cha DS, Gill H, 
et al. Intravenous ketamine for postmenopausal women with 
treatment-resistant depression: results from the Canadian Rapid 
Treatment Center of Excellence. J Psychiatr Res 2021; 136: 444-51.

 6. Marsden J, Pedder H. The risks and benefits of hormone replace-
ment therapy before and after a breast cancer diagnosis. Post Re-
prod Health 2020; 26: 126-35.

 7. Wiktorowska-Owczarek A, Berezińska M, Nowak JZ. PUFAs: 
structures, metabolism and functions. Adv Clin Exp Med 2015; 
24: 931-41.

 8. Larrieu T, Layé S. Food for mood: relevance of nutritional ome-
ga-3 fatty acids for depression and anxiety. Front Physiol 2018; 9: 
1047.

 9. Wu B, Song Q, Zhang Y, Wang C, Yang M, Zhang J, et al. Antide-
pressant activity of ω-3 polyunsaturated fatty acids in ovariecto-
mized rats: role of neuroinflammation and microglial polarization. 
Lipids Health Dis 2020; 19: 4.

 10. Dornellas APS, Boldarine VT, Pedroso AP, Carvalho LOT, de 
Andrade IS, Vulcani-Freitas TM, et al. High-fat feeding improves 
anxiety-type behavior induced by ovariectomy in rats. Front Neu-
rosci 2018; 12: 557.

 11. Oliveira PWC, Couto MR, de Sousa GJ, Peixoto P, Moraes FSA, de 
Andrade TU, et al. Effects of drugs, phytoestrogens, nutrients and 
probiotics on endothelial dysfunction in the estrogen-deficient 
state. Curr Pharm Des 2020; 26: 3711-22.

 12. Manlapaz-Mann A, Cai CL, Bodkin D, Mustafa G, Aranda JV, 
Beharry KD. Effects of omega 3 polyunsaturated fatty acids, anti-
oxidants, and/or non-steroidal inflammatory drugs in the brain of 
neonatal rats exposed to intermittent hypoxia. Int J Dev Neurosci 
2021; 81: 448-60.

 13. Diaz Brinton R. Minireview: translational animal models of hu-
man menopause: challenges and emerging opportunities. Endo-
crinology 2012; 153: 3571-8.

 14. Sherwin BB. Estrogen and cognitive aging in women. Trends 
Pharmacol Sci 2002; 23: 527-34.

 15. Puga-Olguín A, Rodríguez-Landa JF, Rovirosa-Hernández MJ, 
Germán-Ponciano LJ, Caba M, Meza E, et al. Long-term ovariec-
tomy increases anxiety- and despair-like behaviors associated with 
lower Fos immunoreactivity in the lateral septal nucleus in rats. 
Behav Brain Res 2019; 360: 185-95.

 16. Parhizkar S, Ibrahim R, Latiff AL. Incision choice in laparatomy: 
a comparison of two incision techniques in ovariectomy of rats. 
World Appl Sci J 2008; 4: 537-40.

 17. Lakhwani L, Tongia SK, Pal VS, Agrawal RP, Nyati P, Phadnis P. 
Omega-3 fatty acids have antidepressant activity in forced swim-
ming test in Wistar rats. Acta Pol Pharm 2007; 64: 271-6.

 18. Seibenhener ML, Wooten MC. Use of the Open Field Maze to 
measure locomotor and anxiety-like behavior in mice. J Vis Exp 
2015; (96): e52434.

 19. Slattery DA, Cryan JF. Using the rat forced swim test to assess 
antidepressant-like activity in rodents. Nat Protoc 2012; 7: 1009-
14.

 20. Pellow S, Chopin P, File SE, Briley M. Validation of open:closed 
arm entries in an elevated plus-maze as a measure of anxiety in the 
rat. J Neurosci Methods 1985; 14: 149-67.

 21. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measure-
ment with the Folin phenol reagent. J Biol Chem 1951; 193: 265-
75.

 22. Buege JA, Aust SD. Microsomal lipid peroxidation. Methods En-
zymol 1978; 52: 302-10.

 23. Boveris A, Chance B. The mitochondrial generation of hydrogen 
peroxide. General properties and effect of hyperbaric oxygen. Bio-
chem J 1973; 134: 707-16.

 24. Ferreira CP, Techera Antunes FT, Rebelo IN, da Silva CA Junior, 
Vilanova FN, Corrêa DS, et al. Application of the UV-vis spectro-
photometry method for the determination of glutamate in the ce-
rebrospinal fluid of rats. J Pharm Biomed Anal 2020; 186: 113290.

 25. Yousefzadeh N, Kashfi K, Jeddi S, Ghasemi A. Ovariectomized rat 
model of osteoporosis: a practical guide. EXCLI J 2020; 19: 89-107.

 26. Khayum MA, Moraga-Amaro R, Buwalda B, Koole M, den Boer 
JA, Dierckx RAJO, et al. Ovariectomy-induced depressive-like 
behavior and brain glucose metabolism changes in female rats are 
not affected by chronic mild stress. Psychoneuroendocrinology 
2020; 115: 104610.

 27. Renczés E, Borbélyová V, Steinhardt M, Höpfner T, Stehle T, Os-
tatníková D, et al. The role of estrogen in anxiety-like behavior and 
memory of middle-aged female rats. Front Endocrinol (Lausanne) 
2020; 11: 570560.

 28. McCarthy MM. What can development teach us about meno-
pause? Brain Res 2011; 1379: 109-18.

 29. El-Khatib YA, Sayed RH, Sallam NA, Zaki HF, Khattab MM. 
17β-Estradiol augments the neuroprotective effect of agomelatine 

https://doi.org/10.6118/jmm.21016

https://www.j-humansciences.com/ojs/index.php/IJHS/article/view/2971
https://www.j-humansciences.com/ojs/index.php/IJHS/article/view/2971
https://pubmed.ncbi.nlm.nih.gov/31637567/
https://pubmed.ncbi.nlm.nih.gov/31637567/
https://pubmed.ncbi.nlm.nih.gov/31637567/
https://pubmed.ncbi.nlm.nih.gov/31637567/
https://pubmed.ncbi.nlm.nih.gov/30589890/
https://pubmed.ncbi.nlm.nih.gov/30589890/
https://pubmed.ncbi.nlm.nih.gov/30589890/
https://pubmed.ncbi.nlm.nih.gov/30589890/
https://pubmed.ncbi.nlm.nih.gov/32351191/
https://pubmed.ncbi.nlm.nih.gov/32351191/
https://pubmed.ncbi.nlm.nih.gov/32351191/
https://pubmed.ncbi.nlm.nih.gov/32351191/
https://pubmed.ncbi.nlm.nih.gov/32948309/
https://pubmed.ncbi.nlm.nih.gov/32948309/
https://pubmed.ncbi.nlm.nih.gov/32948309/
https://pubmed.ncbi.nlm.nih.gov/32948309/
https://pubmed.ncbi.nlm.nih.gov/32997592/
https://pubmed.ncbi.nlm.nih.gov/32997592/
https://pubmed.ncbi.nlm.nih.gov/32997592/
https://pubmed.ncbi.nlm.nih.gov/26771963/
https://pubmed.ncbi.nlm.nih.gov/26771963/
https://pubmed.ncbi.nlm.nih.gov/26771963/
https://pubmed.ncbi.nlm.nih.gov/30127751/
https://pubmed.ncbi.nlm.nih.gov/30127751/
https://pubmed.ncbi.nlm.nih.gov/30127751/
https://pubmed.ncbi.nlm.nih.gov/31915015/
https://pubmed.ncbi.nlm.nih.gov/31915015/
https://pubmed.ncbi.nlm.nih.gov/31915015/
https://pubmed.ncbi.nlm.nih.gov/31915015/
https://pubmed.ncbi.nlm.nih.gov/30233288/
https://pubmed.ncbi.nlm.nih.gov/30233288/
https://pubmed.ncbi.nlm.nih.gov/30233288/
https://pubmed.ncbi.nlm.nih.gov/30233288/
https://pubmed.ncbi.nlm.nih.gov/32228420/
https://pubmed.ncbi.nlm.nih.gov/32228420/
https://pubmed.ncbi.nlm.nih.gov/32228420/
https://pubmed.ncbi.nlm.nih.gov/32228420/
https://pubmed.ncbi.nlm.nih.gov/33969544/
https://pubmed.ncbi.nlm.nih.gov/33969544/
https://pubmed.ncbi.nlm.nih.gov/33969544/
https://pubmed.ncbi.nlm.nih.gov/33969544/
https://pubmed.ncbi.nlm.nih.gov/33969544/
https://pubmed.ncbi.nlm.nih.gov/22778227/
https://pubmed.ncbi.nlm.nih.gov/22778227/
https://pubmed.ncbi.nlm.nih.gov/22778227/
https://pubmed.ncbi.nlm.nih.gov/12413808/
https://pubmed.ncbi.nlm.nih.gov/12413808/
https://pubmed.ncbi.nlm.nih.gov/30529405/
https://pubmed.ncbi.nlm.nih.gov/30529405/
https://pubmed.ncbi.nlm.nih.gov/30529405/
https://pubmed.ncbi.nlm.nih.gov/30529405/
https://pubmed.ncbi.nlm.nih.gov/30529405/
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=8C58A654A985C8AA381EE904D04D2D86?doi=10.1.1.388.7449&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=8C58A654A985C8AA381EE904D04D2D86?doi=10.1.1.388.7449&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=8C58A654A985C8AA381EE904D04D2D86?doi=10.1.1.388.7449&rep=rep1&type=pdf
https://pubmed.ncbi.nlm.nih.gov/17695151/
https://pubmed.ncbi.nlm.nih.gov/17695151/
https://pubmed.ncbi.nlm.nih.gov/17695151/
https://pubmed.ncbi.nlm.nih.gov/25742564/
https://pubmed.ncbi.nlm.nih.gov/25742564/
https://pubmed.ncbi.nlm.nih.gov/25742564/
https://pubmed.ncbi.nlm.nih.gov/22555240/
https://pubmed.ncbi.nlm.nih.gov/22555240/
https://pubmed.ncbi.nlm.nih.gov/22555240/
https://pubmed.ncbi.nlm.nih.gov/2864480/
https://pubmed.ncbi.nlm.nih.gov/2864480/
https://pubmed.ncbi.nlm.nih.gov/2864480/
https://pubmed.ncbi.nlm.nih.gov/14907713/
https://pubmed.ncbi.nlm.nih.gov/14907713/
https://pubmed.ncbi.nlm.nih.gov/14907713/
https://pubmed.ncbi.nlm.nih.gov/672633/
https://pubmed.ncbi.nlm.nih.gov/672633/
https://pubmed.ncbi.nlm.nih.gov/4749271/
https://pubmed.ncbi.nlm.nih.gov/4749271/
https://pubmed.ncbi.nlm.nih.gov/4749271/
https://pubmed.ncbi.nlm.nih.gov/32416445/
https://pubmed.ncbi.nlm.nih.gov/32416445/
https://pubmed.ncbi.nlm.nih.gov/32416445/
https://pubmed.ncbi.nlm.nih.gov/32416445/
https://pubmed.ncbi.nlm.nih.gov/32038119/
https://pubmed.ncbi.nlm.nih.gov/32038119/
https://pubmed.ncbi.nlm.nih.gov/32088632/
https://pubmed.ncbi.nlm.nih.gov/32088632/
https://pubmed.ncbi.nlm.nih.gov/32088632/
https://pubmed.ncbi.nlm.nih.gov/32088632/
https://pubmed.ncbi.nlm.nih.gov/32088632/
https://pubmed.ncbi.nlm.nih.gov/33117285/
https://pubmed.ncbi.nlm.nih.gov/33117285/
https://pubmed.ncbi.nlm.nih.gov/33117285/
https://pubmed.ncbi.nlm.nih.gov/33117285/
https://pubmed.ncbi.nlm.nih.gov/21134360/
https://pubmed.ncbi.nlm.nih.gov/21134360/
https://pubmed.ncbi.nlm.nih.gov/32535690/
https://pubmed.ncbi.nlm.nih.gov/32535690/


Renata Vinholes Oliveira Da Rocha, et al.

140 www.e-jmm.org

in depressive- and anxiety-like behaviors in ovariectomized rats. 
Psychopharmacology (Berl) 2020; 237: 2873-86.

 30. Fang YY, Zeng P, Qu N, Ning LN, Chu J, Zhang T, et al. Evidence 
of altered depression and dementia-related proteins in the brains 
of young rats after ovariectomy. J Neurochem 2018; 146: 703-21.

 31. Sandini TM, Reis-Silva TM, Moreira N, Bernardi MM, Lebrun 
I, Spinosa HS. Effects of isoflavones on behavior, estradiol, gluta-
mate, and GABA levels in intact middle-aged female rats. Nutr 
Neurosci 2019; 22: 805-16.

 32. Qu N, Wang L, Liu ZC, Tian Q, Zhang Q. Oestrogen receptor α 
agonist improved long-term ovariectomy-induced spatial cogni-
tion deficit in young rats. Int J Neuropsychopharmacol 2013; 16: 
1071-82.

 33. Jin Y, Park Y. N-3 polyunsaturated fatty acids and 17β-estradiol 
injection induce antidepressant-like effects through regulation 
of serotonergic neurotransmission in ovariectomized rats. J Nutr 
Biochem 2015; 26: 970-7.

 34. Choi JE, Park Y. EPA and DHA, but not ALA, have antidepressant 
effects with 17β-estradiol injection via regulation of a neurobio-
logical system in ovariectomized rats. J Nutr Biochem 2017; 49: 
101-9.

 35. Gross KS, Mermelstein PG. Estrogen receptor signaling through 
metabotropic glutamate receptors. Vitam Horm 2020; 114: 211-
32.

 36. Slowik A, Lammerding L, Hoffmann S, Beyer C. Brain inflamma-
somes in stroke and depressive disorders: regulation by oestrogen. 
J Neuroendocrinol 2018; 30: e12482.

 37. Hilton GD, Nunez JL, Bambrick L, Thompson SM, McCarthy 
MM. Glutamate-mediated excitotoxicity in neonatal hippocam-
pal neurons is mediated by mGluR-induced release of Ca++ from 
intracellular stores and is prevented by estradiol. Eur J Neurosci 
2006; 24: 3008-16.

 38. Boulware MI, Weick JP, Becklund BR, Kuo SP, Groth RD, Merm-
elstein PG. Estradiol activates group I and II metabotropic gluta-
mate receptor signaling, leading to opposing influences on cAMP 
response element-binding protein. J Neurosci 2005; 25: 5066-78.

 39. Miller CK, Krentzel AA, Patisaul HB, Meitzen J. Metabotropic glu-

tamate receptor subtype 5 (mGlu5) is necessary for estradiol miti-
gation of light-induced anxiety behavior in female rats. Physiol 
Behav 2020; 214: 112770.

 40. Esqueda ME, Craig T, Hinojosa-Laborde C. Effect of ovariectomy 
on renal estrogen receptor-alpha and estrogen receptor-beta in 
young salt-sensitive and -resistant rats. Hypertension 2007; 50: 
768-72.

 41. Zhou XD, Shi DD, Zhang ZJ. Ameliorative effects of Radix rehm-
anniae extract on the anxiety- and depression-like symptoms in 
ovariectomized mice: a behavioral and molecular study. Phyto-
medicine 2019; 63: 153012.

 42. Behling CS, Andrade AS, Putti JS, Mahl CD, Hackenhaar FS, da 
Silva AC, et al. Treatment of oxidative stress in brain of ovariecto-
mized rats with omega-3 and lipoic acid. Mol Nutr Food Res 2015; 
59: 2547-55.

 43. Avramovic N, Dragutinovic V, Krstic D, Colovic M, Trbovic A, de 
Luka S, et al. The effects of omega 3 fatty acid supplementation on 
brain tissue oxidative status in aged wistar rats. Hippokratia 2012; 
16: 241-5.

 44. Monteiro SC, Matté C, Delwing D, Wyse AT. Ovariectomy in-
creases Na+, K+-ATPase, acetylcholinesterase and catalase in rat 
hippocampus. Mol Cell Endocrinol 2005; 236: 9-16.

 45. Aryal S, Hussain S, Drevon CA, Nagelhus E, Hvalby Ø, Jensen V, 
et al. Omega-3 fatty acids regulate plasticity in distinct hippocam-
pal glutamatergic synapses. Eur J Neurosci 2019; 49: 40-50.

 46. Morris RG, Anderson E, Lynch GS, Baudry M. Selective impair-
ment of learning and blockade of long-term potentiation by an N-
methyl-D-aspartate receptor antagonist, AP5. Nature 1986; 319: 
774-6.

 47. Adams MM, Fink SE, Janssen WG, Shah RA, Morrison JH. Estro-
gen modulates synaptic N-methyl-D-aspartate receptor subunit 
distribution in the aged hippocampus. J Comp Neurol 2004; 474: 
419-26.

 48. Brinton RD. Estrogen-induced plasticity from cells to circuits: 
predictions for cognitive function. Trends Pharmacol Sci 2009; 30: 
212-22.

https://pubmed.ncbi.nlm.nih.gov/32535690/
https://pubmed.ncbi.nlm.nih.gov/32535690/
https://pubmed.ncbi.nlm.nih.gov/29939407/
https://pubmed.ncbi.nlm.nih.gov/29939407/
https://pubmed.ncbi.nlm.nih.gov/29939407/
https://pubmed.ncbi.nlm.nih.gov/29514592/
https://pubmed.ncbi.nlm.nih.gov/29514592/
https://pubmed.ncbi.nlm.nih.gov/29514592/
https://pubmed.ncbi.nlm.nih.gov/29514592/
https://pubmed.ncbi.nlm.nih.gov/22999489/
https://pubmed.ncbi.nlm.nih.gov/22999489/
https://pubmed.ncbi.nlm.nih.gov/22999489/
https://pubmed.ncbi.nlm.nih.gov/22999489/
https://pubmed.ncbi.nlm.nih.gov/26022074/
https://pubmed.ncbi.nlm.nih.gov/26022074/
https://pubmed.ncbi.nlm.nih.gov/26022074/
https://pubmed.ncbi.nlm.nih.gov/26022074/
https://pubmed.ncbi.nlm.nih.gov/28915388/
https://pubmed.ncbi.nlm.nih.gov/28915388/
https://pubmed.ncbi.nlm.nih.gov/28915388/
https://pubmed.ncbi.nlm.nih.gov/28915388/
https://pubmed.ncbi.nlm.nih.gov/32723544/
https://pubmed.ncbi.nlm.nih.gov/32723544/
https://pubmed.ncbi.nlm.nih.gov/32723544/
https://pubmed.ncbi.nlm.nih.gov/28477436/
https://pubmed.ncbi.nlm.nih.gov/28477436/
https://pubmed.ncbi.nlm.nih.gov/28477436/
https://pubmed.ncbi.nlm.nih.gov/17156362/
https://pubmed.ncbi.nlm.nih.gov/17156362/
https://pubmed.ncbi.nlm.nih.gov/17156362/
https://pubmed.ncbi.nlm.nih.gov/17156362/
https://pubmed.ncbi.nlm.nih.gov/17156362/
https://pubmed.ncbi.nlm.nih.gov/15901789/
https://pubmed.ncbi.nlm.nih.gov/15901789/
https://pubmed.ncbi.nlm.nih.gov/15901789/
https://pubmed.ncbi.nlm.nih.gov/15901789/
https://pubmed.ncbi.nlm.nih.gov/31830486/
https://pubmed.ncbi.nlm.nih.gov/31830486/
https://pubmed.ncbi.nlm.nih.gov/31830486/
https://pubmed.ncbi.nlm.nih.gov/31830486/
https://pubmed.ncbi.nlm.nih.gov/17698719/
https://pubmed.ncbi.nlm.nih.gov/17698719/
https://pubmed.ncbi.nlm.nih.gov/17698719/
https://pubmed.ncbi.nlm.nih.gov/17698719/
https://pubmed.ncbi.nlm.nih.gov/31301535/
https://pubmed.ncbi.nlm.nih.gov/31301535/
https://pubmed.ncbi.nlm.nih.gov/31301535/
https://pubmed.ncbi.nlm.nih.gov/31301535/
https://pubmed.ncbi.nlm.nih.gov/26394051/
https://pubmed.ncbi.nlm.nih.gov/26394051/
https://pubmed.ncbi.nlm.nih.gov/26394051/
https://pubmed.ncbi.nlm.nih.gov/26394051/
https://pubmed.ncbi.nlm.nih.gov/23935291/
https://pubmed.ncbi.nlm.nih.gov/23935291/
https://pubmed.ncbi.nlm.nih.gov/23935291/
https://pubmed.ncbi.nlm.nih.gov/23935291/
https://pubmed.ncbi.nlm.nih.gov/15869839/
https://pubmed.ncbi.nlm.nih.gov/15869839/
https://pubmed.ncbi.nlm.nih.gov/15869839/
https://pubmed.ncbi.nlm.nih.gov/30367533/
https://pubmed.ncbi.nlm.nih.gov/30367533/
https://pubmed.ncbi.nlm.nih.gov/30367533/
https://pubmed.ncbi.nlm.nih.gov/2869411/
https://pubmed.ncbi.nlm.nih.gov/2869411/
https://pubmed.ncbi.nlm.nih.gov/2869411/
https://pubmed.ncbi.nlm.nih.gov/2869411/
https://pubmed.ncbi.nlm.nih.gov/15174084/
https://pubmed.ncbi.nlm.nih.gov/15174084/
https://pubmed.ncbi.nlm.nih.gov/15174084/
https://pubmed.ncbi.nlm.nih.gov/15174084/
https://pubmed.ncbi.nlm.nih.gov/19299024/
https://pubmed.ncbi.nlm.nih.gov/19299024/
https://pubmed.ncbi.nlm.nih.gov/19299024/

	Behavioral, Oxidative, and Biochemical Effects of Omega-3 on an Ovariectomized Rat Model of Menopaus
	INTRODUCTION
	MATERIALS AND METHODS
	Animals
	Surgical procedure and supplementation
	Open field test
	Forced swimming test
	Elevated plus-maze test
	 Thiobarbituric acid reactive substances (TBARS) and catalase (CAT) in the brain tissue
	Glutamate in the CSF
	Statistical analysis

	RESULTS 
	Weight assessment
	Open field test
	Forced swimming test
	Elevated plus-maze test
	 Analysis of the TBARS and CAT in the brain and the liver
	Analysis of glutamate in the CSF

	DISCUSSION
	CONFLICT OF INTEREST
	REFERENCES


