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A B S T R A C T

Abnormalities in the thyroid hormones, like in hypothyroidism, are closely related to dementia and Alzheimer's
disease demonstrating the main symptom of these disorders: memory deficit. In this study we evaluated the effect of
chrysin on deficit spatial and aversive memories and the contribution of glutamatergic, cholinergic pathways and
Na+, K+-ATPase activity on hippocampus and prefrontal cortex in hypothyroid adult female mice C57BL/6.
Hypothyroidism was induced by the continuous exposure to 0.1% methimazole (MTZ) in drinking water for 31 days.
The exposure to MTZ was associated to low plasma levels of thyroid hormones (TH) compared to the control group on
the 32nd. Subsequently, euthyroid and MTZ-induced hypothyroid mice received (intragastrically) either vehicle or
chrysin (20 mg/kg) once a day for 28 consecutive days. After treatments mice performed the following behavioral
assessments: open-field test (OFT), morris water maze (MWM) and passive avoidance test. Additionally, plasma TH
levels were measured again, as well as glutamate levels, Na+,K+-ATPase and acetylcholinesterase (AChE) activities
were analyzed in the hippocampus and prefrontal cortex of mice. Mice with hypothyroidism showed a deficit of
spatial and aversive memory and chrysin treatment reversed these deficits. It also reduced the levels of glutamate and
decreased Na+,K+-ATPase activity in both cerebral structures in the hypothyroid mice compared with the euthyroid
ones, with the exception of glutamate in the hippocampus, which was a partial reversal. AChE activity was not altered
by treatments. Together, our results demonstrate that chrysin normalized hippocampal glutamate levels and Na+,K+-
ATPase activity, which could be involved in the reversal of memory deficit.
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1. Introduction

Adult-onset hypothyroidism has been studied recently and there is a
close relationship with the main alterations involving several cognitive
areas, patients with hypothyroidism have shown dementia-like beha-
viors and Alzheimer's Disease (AD): psychosis, hallucinations, confusion
and significant learning and memory impairment [1]. Thirty-six percent
of patients with dementia have shown abnormalities in the thyroid
hormones (TH), which is associated to dysfunction in the thyroid gland
in AD [1]. However, it is not only the decrease in the TH that can de-
monstrate these behaviors, the decrease of the TH receptors is also
described in patients with AD [2]. The data obtained in these studies
using plasma, or the postmortem brain from people with AD, all these
studies make an association of this disease with hypothyroidism,
showing for example: a decrease in thyroid hormones, an increase in
thyroid stimulating hormone (TSH) and a decrease in TH receptors
expression, as well as increased β-amyloid expression (found in the
brain of AD patients) [1].

The mechanism of action of TH in the brain is through gene ex-
pression [3] and from their binding to their receptors, regulating the
expression of target genes, from transcription factors [4,5]. The re-
ceptors of TH (TRs) are expressed in neurons, oligodendrocytes, and
astrocytes, the predominant cell types in the brain [6]. Furthermore,
the absence of TH, which results in a TR aporeceptor form often causes
the repression of these hormones target genes due to the recruitment of
corepressors that contribute to histone deacetylation [7]. In addition to
the genomic effects mediated by TRs, TH also exerts non-genomic ac-
tions mediated by membrane receptors or by the modulation of sig-
naling pathways [4,5].

The TH act at molecular levels, by genomic via, modulating the
glutamate-transporter gene, increasing the gene expression [8], and by
non-genomic was mediated by membrane receptors or by the modula-
tion of signaling pathways [5,9], reaching neuroprotective and vaso-
dilatorory effects in the brain and peripheral tissues [8]. The effects of
glutamate deregulation at the cellular and circuit levels may be due the
glutamate transport abnormalities leading to irregular distribution of
glutamate [8]. The reduction of the TH level is responsible for the de-
crease of Na+,K+-ATPase activity in a selective way. The Na+,K+-
ATPase has two subunits named alpha and beta, TH regulates the
concentration of mRNA expression of the alpha and beta subunit by
binding T3 to nuclear receptors [3]. The Na+,K+-ATPase is responsible
for maintaining resting cell membrane potential, is abundant in the
brain and plays a major role in neuronal activity [3]. Some authors
have reported that TH has a direct effect on the total activity of Acet-
ylcholinesterase (AChE) and, consequently, on the metabolism of
acetylcholine [10]. AChE can improve cognitive function by inducing
long-term potentiation of pyramidal neurons of the hippocampus,
which suggests that AChE per se might enhance cognitive functions
[11].

Therefore, the flavonoid chrysin (5,7-Dihydroxyflavone) has pre-
sented itself as a promising natural compound, and various beneficial
effects have been reported, known for its antioxidant activity [12], and

potential aromatase enzyme inhibitor [13]. Chrysin acts in central
nervous system (CNS), having anxiolytic activity [14,15], once it pos-
sesses antidepressant properties that can be helpful in treatments for
different diseases [16-20], and also, promotes improvement of cogni-
tive and memory deficits in different memory loss induction models
[21–27], acting as a neuroprotective agent, [21], neuroprotective effect
in chronic cerebral hypoperfusion [23], neuroprotective effect in Par-
kinson disease [22,24,25], acting in general involved the decreased of
neuroinflamation and increased of neurotrofic factor levels. Chrysin has
recently been shown to have potential to improve cerebral ischemia, it
acts preventing cognitive and long-term potentiation impairments due
to cerebral ischemia [26] and regulating the PI3K/Akt/mTOR pathway
[27].

Considering that the dysfunctions caused by hypothyroidism and
knowing that THs have been considered as decisive factors involved in
the development of dementia [1,2,28], our objective was to explore if
chrysin restores spatial and aversive memory deficits as well as gluta-
matergic and cholinergic alterations associated to hypothyroidism.

2. Materials and methods

2.1. Chemicals

Chrysin, methimazole (MTZ), adenosine triphosphate (ATP), oua-
bain and acetylthiocholine (AcSCh) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Chrysin was dissolved in 20% poly-
ethylene glycol and a saline solution (pH 7.4, 80%), while MTZ was
dissolved in distilled water. All the other chemicals were obtained from
the analytical grade of our laboratory or from standard commercial
suppliers.

2.2. Animals

Female C57BL/6 mice (total of 35 adult), aged between 3 and 4
months, were used for all the studies, assigned by the Federal University
of Santa Maria. We use females because the prevalence of hypothyr-
oidism is higher in women [17]. Mice were maintained under a 12:12 h
light/dark cycle at 23 ± 2 °C and 50 ± 5% humidity. Standard la-
boratory diet and water were available ad libitum before and during the
treatments. The manipulations were carried out between 08.00 a.m.
and 04.00 p.m. All efforts were made to minimize animal suffering and
to reduce the number of animals used in the experiments. The present
experimental study was approved by the Institutional Ethics Committee
on Care and Use of Experimental Animal Resources from the Federal
University of Pampa, Brazil, and it was registered under the protocol
number 024/2018.

2.3. Experimental design

2.3.1. Hypothyroidism induction
On the first 31 days, the animals were divided into two groups:

control group (n = 17) and MTZ (n = 18) (Fig. 1). Hypothyroidism was

Fig. 1. Experimental protocol.
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induced by continuous exposure to the anti-thyroid drug MTZ
0.1% + 0.475% sucralose in the drinking water [17,29], sucralose has
been added to improve the taste of MTZ. The control group received
0.475% sucralose in the drinking water. On day 32, the exposure of
MTZ and sucralose were stopped, and the levels of total thyroid hor-
mones tT3 and tT4 were measured using blood extracted from the mice
tail vein.

2.3.2. Chrysin treatment
After the induction of hypothyroidism, the euthyroid (control) and

hypothyroid (MTZ) mice were subdivided into four groups (n = 8–9):
euthyroid; euthyroid chrysin; hypothyroid; and hypothyroid chrysin.
Chrysin (20 mg/kg, 10 ml/kg) was administered intragastrically
starting at the 33nd day, once a day, for 28 consecutive days, in which
chrysin has been shown to have a neuroprotective effect at this time
and dosage [16,17]. The groups euthyroid and hypothyroid, received
the vehicle, administered intragastrically.

2.4. tT3 and tT4 levels

The total thyroid hormones (tT4 and tT3) from the blood plasma
were measured on the 32nd and 64th (n = 3–4), through a micro-
particle enzyme immunoassay (MEIA), using the AxSYM® system
(Abbott Laboratories, Abbott Park, Illinois, USA), according to the
manufacturer's instructions; tT3 was expressed in ng/mL and tT4 in pg/
mL.

2.5. Behavioral assessments

At the end of chrysin treatment, mice performed behavioral tests:
Open-Field Test (OFT) and training of Morris Water Maze (MWM) on
the 61st; on the next day the MWM test and training of Passive
Avoidance; and on 63rd day the passive avoidance test was performed.

2.5.1. Open-field test (OFT)
Locomotor activity was assessed through the distance traveled in

meters on the OFT (details in S1) [30]. This test was the first performed,
with the purpose of evaluating the locomotor activity and validating the
memory tests.

2.5.2. Morris water maze (MWM) test
Spatial learning and memory were assessed using the Morris water

maze test according to the method of Morris [31], with some mod-
ifications of Souza [21](details in S1).

2.5.3. Passive avoidance test
Non-spatial long-term aversive memory was measured using the

passive avoidance test, which utilizes the innate preference of rodents
for dark environments due to their photophobia, in other words, emo-
tional memory based on contextual fear conditioning [33] (details in
S1).

2.6. Tissue preparation

On the 64 day, after the behavioral tests, the animals were an-
esthetized by isoflurane inhalation and blood samples were collected
directly from the right ventricle of their heart, using heparin as the
anticoagulant. The plasma was used to analyze tT3 and tT4 levels, the
plasma was separated by centrifugation (2400× g) for 15 min and used
to determine tT3 and tT4 levels.

After euthanasia, the hippocampus and prefrontal cortex were re-
moved and homogenized in 50 mM Tris–HCl, pH 7.4 (1:5, w:v). The
homogenates were subsequently centrifuged at 2400× g at 4 °C for
15 min. A low-speed supernatant fraction (S1) was used to measure the
levels of glutamate, Na+, K+-ATPase and acetylcholinesterase activ-
ities.

2.7. Glutamate levels

The levels of glutamate were measured in the hippocampus and the
prefrontal cortex using reverse-phase high-performance liquid chro-
matography with electrochemical detection as it was previously de-
scribed [36]. The concentrations of glutamate were measured and ex-
pressed as ng/g of tissue.

2.8. Na+, K+-ATPase activity

The amount of inorganic phosphate (Pi) released was quantified by
the colorimetric method [37] and expressed in nmol Pi/mg protein/min
(details in S1).

2.9. Acetylcholinesterase (AChE) activity

AChE activity was determined according to the method of Ellman
et al., [38] using acetylthiocholine (AcSCh) as the substrate. The en-
zymatic activity was expressed as Units AChE (UAChE)/mg protein
(details in S1).

2.10. Rotein determination

Protein determination was measured by the method of Bradford
[39] using bovine serum albumin as the standard.

2.11. Statistical analysis

Data were checked for normality of distribution using the
Shapiro–Wilk test. The OFT, MWM and passive avoidance tests results
were analyzed using an ANOVA followed by Newman–Keuls test, and
the biochemical results were compared using two-way ANOVA using
Bonferroni correction for multiple comparisons. Descriptive data were
expressed as the mean ± standard error of the mean (S.E.M.).
Probability values less than 0.05 (p < 0.05) were considered statisti-
cally significant.

3. Results

3.1. Thyroid hormone levels

The effect of MTZ on the plasma levels of tT3 and tT4 in mice on the
32st day, are show in Table 1. These dosages aimed to know if the
animals were really hypothyroid, so we can continue with the study.
Student's unpaired t-test indicated, showed that mice exposed to MTZ
had to lower tT3 and tT4 plasma levels than the control group on the
32nd. The results indicated a significant main effect of MTZ on the
levels of tT3 (t = 28.17, df = 4, P < 0.0001) and tT4 (t = 94.31,
df = 4, P < 0.0001).

The effect of MTZ and chrysin on the plasma levels of tT3 and tT4 in
mice on the 64th of the treatment, are shown in Table 1. Two-way
ANOVA followed by the post-hoc comparisons showed a decrease in the
levels of both hormones in hypothyroid mice compared to euthyroid
mice. A significant main effect of hypothyroidism on tT3 (F1,8 = 11.52,
P = 0.0094) and tT4 (F1,12 = 20.84, P = 0.0006) was observed. Levels
persisted low after chrysin administration, in the hypothyroidism
chrysin group compared with euthyroid group.

3.2. Behavioral tests

3.2.1. OFT
Two-way ANOVA followed by the post-hoc comparisons showed that

neither MTZ nor chrysin affected spontaneous locomotor activity in
female mice (F1, 31 = 0.38, P = 0.5421; Table 2).
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3.2.2. MWM test
The latency to find the aim quadrant was demonstrated in Fig. 2A,

two-way ANOVA followed by the post-hoc comparisons showed a sig-
nificant hypothyroidism × chrysin interaction (F1, 21 = 7.74,
P = 0.0112). The hypothyroid group showed an increase of latency in
comparison to the euthyroid group. The treatment with chrysin was
able to reverse this deficit.

Two-way ANOVA followed by the post-hoc comparisons showed a
significant hypothyroidism × chrysin interaction (F1, 21 = 4.52,
P = 0.0455). The data of the time that animals spend in the aim
quadrant (Fig. 2B) shows a decrease of the hypothyroidism group
compared to the euthyroid group and treatment with chrysin was able
to reverse this effect.

Neither MTZ nor chrysin affected the time in the opposite quadrant
in female mice. Two-way ANOVA followed by the post-hoc comparisons
showed no significant hypothyroidism × chrysin interaction (Fig. 2C,
F1, 21 = 0.50, P = 0.4852).

3.2.4. Passive avoidance test
Fig. 3 shows the latency to go to the dark side in the passive

avoidance test. The two-way ANOVA followed by the post-hoc com-
parisons indicated a hypothyroidism × chrysin interaction (F1,
25 = 3.20, P = 0.0856). The data showed a significant decrease in
latency in the hypothyroid group compared to the euthyroid group, the
treatment with chrysin was able to reverse this deficit.

3.3. Glutamate levels

Fig. 4 illustrates the effects of chrysin and hypothyroidism when
analyzing the glutamate levels in the hippocampus (Fig. 4A) and pre-
frontal cortex (Fig. 4B). The two-way ANOVA followed by the post-hoc
analysis indicated that hypothyroidism decreased glutamate levels in
both structures, when compared to the euthyroid mice. The treatment
with chrysin recovered this level partially in the hippocampus
(F1,12 = 0.62, P = 0.4449) and totally in the prefrontal cortex
(F1,12 = 7.23, P = 0.0197).

3.4. Na+,K+-ATPase activity

Fig. 5A and B demonstrate the effect of hypothyroidism and chrysin
on Na+,K+-ATPase activity in the hippocampus and the prefrontal
cortex of mice, respectively. The two-way ANOVA demonstrated a hy-
pothyroidism × chrysin interaction in the hippocampus (F1,16 = 0.58,
P = 0.4589) and the prefrontal cortex (F1,12 = 5.61, P = 0.0354). The
post-hoc analysis indicated that hypothyroidism decreased Na+,K+-
ATPase activity in the hippocampus when compared to the euthyroid
mice. The treatment with chrysin recovered this activity; in the pre-
frontal cortex it is showed that hypothyroidism decreased Na+,K+-
ATPase activity but not significantly, when associated with chrysin

there was an increase compared to hypothyroidism group.

3.5. AChE activity

Fig. 6A and B display the effects of hypothyroidism and chrysin on
AChE activity in the hippocampus and the prefrontal cortex of mice,
respectively. The two-way ANOVA indicated a significant hypothyr-
oidism × chrysin interaction in the hippocampus (F1, 16 = 4.78,
P = 0.0440) but not in the prefrontal cortex (F1, 12 = 1.08,
P = 0.3188). The post-hoc analysis showed neither MTZ nor chrysin
affected the AChE activity.

4. Discussion

The hypothyroidism is known to exert a wide spectrum in cognitive
dysfunction and biochemical alteration. Our results demonstrate a
deficit of spatial and aversive memories in hypothyroid animals, as well
as a decrease in the glutamate levels and Na+,K+-ATPase activity, in
hippocampus and prefrontal cortex. The treatment with chrysin showed
an improvement in these memories deficits, and restores some of the
neurochemical markers in hypothyroid female mice. As in our previous
study [17], the effectiveness of chrysin was obtained independently of
the thyroid hormone levels, which remained low even after the treat-
ment.

According to the OFT results, locomotor abnormalities were not
detected in our study. This result is in agreement with our previous
study, demonstrating that in the OFT the locomotor function remained
the same in all groups tested [17]. Additionally, this data validate the
results obtained from the memory tests.

In this study, the deficit of memory evaluation was performed by
two different tests: MWM (long-term spatial memory) and Passive
Avoidance test (long-term aversive memory). The MWM test is usually
accepted as an indicator of spatial and reference memory [31], the
hypothyroidism mice took more time to find the aim quadrant in
comparison to the euthyroid mice, and the treatment with chrysin was
efficient in reversing this spatial memory deficit, even when the hy-
pothyroidism mice spent less time in the quadrant where the platform
was 24 h earlier, chrysin was able to make the animals remember which
quadrant was the platform. Taking these data into consideration, we
evaluated the time in which the animals remained in the opposite
quadrant of the aim quadrant and we did not obtain significantly dif-
ferences between the groups, with what we can conclude in this test
that when the animals were not in the platform quadrant, they were
dispersed swimming through the maze. Our results showed a deficit in
the spatial memory of animals with hypothyroidism due to the decrease
in TH and/or TR, subsequent to some biochemical alteration, the same
way other authors stated [40–43] and the treatment with chrysin was
able to ameliorate this long-term spatial deficit, as demonstrated by
[21,23]. It has already been demonstrated that deletion of all TRα is
associated to behavioral inhibition, memory deficits and spatial
learning [44], then the TH can increase behavior and spatial learning,
that is, when hormones bind to the receptor, it activates the behavior of
spatial memory. This deficit is caused by the absence of either the re-
ceptor or the hormone, so we suggest treatment with chrysin may

Table 1
Plasma tT3 and tT4 total levels in mice treated with MTZ and chrysin on the
32nd and 64th day.

tT3 (ng/mL) tT4 (pg/mL)

32 days
Euthyroid 3.50 ± 0.10 8.60 ± 0.10
Hypothyroid 1.2 ± 0.10* 0.90 ± 0.10*

64 days
Euthyroid 3.8 ± 0.31 7.85 ± 1.58
Euthyroid chrysin 3.7 ± 0.42 9.03 ± 0.76
Hypothyroid 1.6 ± 1.25* # 3.54 ± 3.02* #

Hypothyroid chrysin 2.7 ± 0.92* # 4.12 ± 2.03* #

Values are expressed as means ± S.E.M. of 3 or 4 mice/group.
⁎ Significant difference in relation to the Euthyroid groups;.
# Significant difference in relation to the Euthyroid Chrysin group. p < 0.05

is considered significant.

Table 2
Effects of hypothyroidism and chrysin on mice subjected to the
OFT.

Distance (m)

Euthyroid 29.42 ± 22.74
Euthyroid chrysin 28.65 ± 10.52
Hypothyroid 35.22 ± 19.23
Hypothyroid chrysin 27.01 ± 15.75

Values are expressed as means ± S.E.M. of 8 or 9 mice/group.
p < 0.05 is considered significant.
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modulate these connections.
Another test that we used to examine the memory deficit was the

Passive Avoidance test, this is based on an adaptive response to a
stressful experience. In this test, our results were similar to the MWM,
in which we proved, once again, the memory deficit induced by this
model of disease. Hypothyroidism makes animals more susceptible a
decreased in aversive memory, causing a memory deficit in this specific
test [10,40–42,45], and the animals treated with chrysin showed
aversion to shock. This fact is important, since it is the first time that
chrysin presents efficiency in the treatment of aversive memory deficit.

The decrease of these hormones, as in the case of hypothyroidism,
causes an imbalance in the glutamatergic system. Our data demon-
strated, for the first time, a decrease in the glutamate levels in the
hypothyroid groups in hippocampus and prefrontal cortex, and the
treatment with chrysin was able to perform a complete restoration in

Fig. 2. Effects of hypothyroidism and chrysin on the MWM test. (A) Latency to find the quadrant of platform. (B) Time spent in the aim quadrant. (C) Time spent in
the opposite quadrant. *Significant difference in relation to the euthyroid group. Data are shown as mean ± standard error of the mean (n = 5–8 per group).

Fig. 3. Effects of hypothyroidism and chrysin on the Passive avoidance test
(light and dark). The graphic shows the latency of animals to pass to the dark-
side. *Significant difference in relation to the euthyroid group, eu-
thyroid + chrysin and hypothyroid + chrysin group. Data are shown as
mean ± standard error of the mean (n = 6–8 per group).

Fig. 4. Effects of hypothyroidism and chrysin on the glutamate level. (A)
Hippocampus (B) Prefrontal cortex. *Significant difference in relation to the
euthyroid, euthyroid + chrysin and hypothyroid + chrysin groups.
#Significant difference in relation to the euthyroid and euthyroid + chrysin
groups. Data are shown as mean ± standard error of the mean (n = 4 per
group).
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the prefrontal cortex but partially in the hippocampus, we believe that a
longer treatment time would make this restoration complete. We can
still infer from earlier studies [16,19,21,22] that chrysin may be acting
on synaptic plasticity and positively regulating glutamate, still, in the

literature there are reports that T3 influences glutamate levels through
its effect on glutamate transporters that carry glutamate into astrocytes
[8]. A study in rats showed that T3-treated astrocytes increased mRNA
levels, protein expression of glutamate transporters, glutamate aspar-
tate transporter (GLAST) and glial-1 glutamate transporter (GLT1). This
eventually regulated the extracellular glutamate content [8], con-
sidering this, we can say that there are TRs in the brain and that the
binding of hormones (mainly T3) to their receptors leads to a series of
signs, where with the presence of hypothyroidism, the absence or re-
duction of these signals can occur. However a limitation of our study is
the absence of glutamatergic transporters, which are a prospect for
future study, with emphasis on the glutamatergic system.

Although total glutamate levels were measured in different regions
(hippocampus and prefrontal cortex) by the technique used in this
study, it may not directly reflect neurotransmitter levels within the
synapse, because neurotransmitters in the synaptic cleft usually over-
flow, causing a change in interstitial neurotransmitter levels near the
synapse [46], so our dosage reflects both that are in the astrocyte, in the
synaptic cleft, and other places where the neurotransmitter is present.
We can infer that our data reflect on the interference of the TH in the
total synthesis of the neurotransmitter glutamate, and this reflect the
spatial and aversive memory deficit in the hypothyroid animals, as it
was already demonstrated by [46]. The decrease of glutamate levels, in
our study, can be explain because the hypothyroidism may affect the
release mechanisms in the presynaptic receptors [47], and also by a
possible decrease in the number of NMDA receptors, which is caused by
hypothyroidism, causing a decreased performance on the hippocampal-
dependent cognitive tests [48].

Glutamate is released by the high affinity sodium dependent carrier
system (GluTs), which is responsible for maintaining low extracellular
concentrations of the potentially excitotoxic amino acid, which is re-
leased from the glutamatergic nerve terminals [49]. Considering GluTs
depend on the transmembrane Na+ gradient [50], which is maintained
by the Na+, K+-ATPase activity [51], and that the hypothyroid con-
dition leads to a decrease in TH, which decreases the activity of Na+,
K+-ATPase, and knowing that the binding of T3 to nuclear receptors
regulates the expression of mRNA [3], we can state that when TH is
low, the synthesis of Na+, K+-ATPase is impaired [3,52], and that the
inhibition of the activity of this enzyme is due to the distribution of TRs
in the brain areas [3]. There are data in the literature that the inhibition
of the brain Na+, K+-ATPase activity causes edema and cell death in
the central nervous system and interferes in the learning and memory
processes [3], and that the activity of this enzyme is selectively reduced
in patients with cognitive deficits, such as AD [3,53]. Our work cor-
roborates these data, once the animals with hypothyroidism had a de-
crease in the activity of Na+, K+-ATPase in both of the brain structures
studied, as already evidenced [54]. The treatment with chrysin was
efficient in restoring the activity of Na+, K+-ATPase in both brain
structures, as evidenced previously [16,21], a hypothesis of what may
have occurred for the explanation of this result is the distribution and
density and possible increase of TRs in these areas of the brain, in which
it restored the activity of that enzyme. These data may be correlated to
the data of glutamate levels, demonstrating a decrease in these two
markers in the hypothyroidism group [49,51].

The enzyme AChE plays a critical role in controlling the hydrolysis
of acetylcholine during synaptic transmission in cholinergic synapses,
dividing acetylcholine (Ach) into acetate and choline [3]. It is described
that, the decrease in the supply of choline in the membrane is reflected
by the reduction in the biosynthesis and concomitant release of Ach
from biologically active neurons and, therefore, it increases the activity
of AChE [3]. There are studies that show a change in AChE activity, but
it was already demonstrated that choline levels in humans have no
correlation to TH [8], this data may be in agreement with our study, in
which no such increment in AChE activity was noted, since the AChE
activity was in equilibrium, the amount of choline may also have been
in equilibrium.

Fig. 5. Effects of hypothyroidism and chrysin on Na+, K+-ATPase activity. (A)
Hippocampus. *Significant difference in relation to the euthyroid, eu-
thyroid + chrysin and hypothyroid + chrysin groups. (B) Prefrontal cortex.
*Significant difference in relation to the hypothyroid + chrysin group. Data are
shown as mean ± standard error of the mean (n = 4 per group).

Fig. 6. Effects of hypothyroidism and chrysin on AChE activity in the hippo-
campus (A) and the prefrontal cortex in (B). Data are shown as mean ±
standard error of the mean (n = 4–5 per group).
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Furthermore, with the correlation data (additional data – Table 1S),
it is clearly demonstrated that the relationship between the deficit of
memory evaluated by the tests on the molecular targets evaluated:
glutamate, Na+, K+-ATPase and AChE, showed a relation with
memory, as well as reinforced the neuroprotective effect of chrysin
related to the two types of memory evaluated: spatial and aversive, and
the mechanisms in association are involved in hypothyroidism, which
has already been shown to act in the Na+, K+-ATPase [16]. It is already
known that the hippocampus is a brain structure highly vulnerable to
the action of thyroid hormones and well known to be involved in
memory and learning processes [45], so this is one explanation for our
data being more expressive in the hippocampus. Our data suggest a
connection between memory deficit and the impair of glutamate neu-
ronal levels and hippocampal Na+, K+-ATPase in hypothyroidism,
considering a reduction of these levels and activities, respectively.
Taking into consideration the findings of this study, we can imply that
chrysin is a pharmacological option, with possible fewer side effects,
both as adjuvant for the treatment for hypothyroidism.

5. Conclusion

TH dysregulation has been implicated in severe cognitive and be-
havioral abnormalities related to dysfunctions of neural systems. In this
work, our findings demonstrate the memory deficits caused by hy-
pothyroidism in female mice, and the beneficial effect of chrysin
treatment. Furthermore, this study suggests that glutamate levels and
Na+, K+-ATPase activity contributes to the chrysin attenuating the
deficits memory caused by hypothyroidism.
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