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Abstract

Neurological and psychological disorders are the main
complications specifically correlated with an overactive thyroid
gland. Our study aimed to assess neurological diseases and
behavioral abnormalities in relation to hyperthyroidism.
Hyperthyroidism was induced by administering L-thyroxine
sodium at a dosage of 240 pg/kg B.W via gastric gavage once
daily for a duration of 20 days. A comparative analysis was
conducted using a dosage of 10 mg/kg B.W of the commonly used
anti-thyroid drug "propylthiouracil* to assess its effects
concerning the hyperthyroid rats. A total of twenty-four adult male
albino rats were selected and assigned to three groups using a
random allocation method as follows: negative control, positive
control and propylthiouracil groups. The findings indicated that
the animal model of hyperthyroidism showed a notable rise in the
levels of serum Free T3 and T4, alongside a decline in serum TSH
level. There were significant alterations in the dopaminergic and
cholinergic systems; dopamine level was greatly boosted,
accompanied by a substantial decrease in acetylcholine levels.
Hyperthyroid rats displayed significantly poorer performance in
the Novel recognition memory task, demonstrating the occurrence
of memory impairment in the hyperthyroidism state.
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Introduction

Thyroid dysfunction is a commonly
observed endocrine condition, with a
prevalence rate of approximately 1-
2% among the adult population
(Taylor et al., 2018). The thyroid
gland functions as a crucial regulator
of the bodys metabolism by
synthesizing, storing, and releasing
the hormones thyroxine (T4),
triiodothyronine (T3), and calcitonin
(Summers and Macnab, 2017).
There exists a clear association
between the functioning of the
thyroid gland and many metabolic
processes (Wang et al., 2023). When
there is suboptimal functioning of
the thyroid gland, it can result in a
confluence of endocrine disorders,
including diabetes, hypertension,
cardiovascular issues and
neurological complications (Cruz-
Flores, 2021; Al-Suhaimi and
Khan, 2022). With a female-to-male
ratio of approximately 5 to 10:1, it
was shown to be more common in
females than in males (Yadav et al.,
2013).

Additionally, proper thyroid
metabolism is crucial for human
development, encompassing the
formation and operation of both the
central and peripheral neural
systems (Kurian and Jungbluth,
2014; Kumar et al., 2022). Several
studies have unequivocally shown
that the brain is a specific recipient
of thyroid hormones. Undoubtedly,
the brain relies significantly on
thyroid hormones for its growth,
morphological, and biochemical
development (Braun et al., 2011;

Rovet, 2014; Moog et al., 2017),
which impact neuronal processing
and integration, glial cell
proliferation, myelination,

migration, maturation, and the
production of essential enzymes
necessary  for  neurotransmitter
synthesis (Shahat et al., 2022;

Alcaide Martin and Mayerl, 2023).
In addition to the pivotal function of
thyroid  hormones in  neural
development and metabolic
processes, current studies have
emphasized the involvement of
thyroid hormones in
neurotransmission in the developed
mammalian brain (Losi et al., 2008;
Gilbert and  Zoeller, 2010).
Specifically, very close interactions
presented between the thyroid
hormones and the functioning of
cholinergic and  dopaminergic
neurons in the brain (Smith et al.,
2002; Duval et al., 2006). The
aforementioned effects are mostly
detected within distinct cholinergic
nuclei and their corresponding
pathways, namely the base of the
forebrain and the hippocampus
(Bavarsad et al., 2019).

Acetylcholine (ACh) performs an
essential function as a
neurotransmitter in  the central
nervous system (CNS) (Sam and
Bordoni, 2022). The efficacy of this
compound is dependent on its
processing enzyme,
acetylcholinesterase, which has been
demonstrated to have a role in the
formation of ACh (Day and
Greenfield, 2002). It has been
discovered that acetylcholinesterase
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(AchE) is released simultaneously
with dopamine from the
dopaminergic neurons, implying a
noteworthy interplay between these
two compounds that play a crucial
role in dopaminergic function
(Emmett and Greenfield, 2005).
Research has shown that thyroid
dysfunction has an impact on the
cholinergic system, synaptic
proteins, and activity of AChE in
both growing and mature rats (Wang
et al., 2015).

The interplay between thyroid
hormones and dopamine (DA)
neurons is firmly established.
Triiodothyronine (T3) and thyroxine
(T4) have been identified as crucial
elements in the stimulation of
dopamine neurons (Lee et al., 2019).
Hyperthyroidism significantly
affects the levels of dopamine in
several regions of the brain (Shahat

etal., 2022).

Psychological and cognitive
dysfunctions including, memory
impairment, have long been

observed in adults with impaired
thyroid function (Zhu et al., 2022;
Sahin et al., 2023). The correlation
between thyrotoxic conditions, and
mental disorders was initially
documented in the late nineteenth
century (Graves, 1835). Thyroid
hormones play a crucial role in
regulating cognitive functioning.
They govern the processes of cell
division, cell movement, and
specialization in the nervous system.
(Lillevang-Johansen et al., 2014;
Cho et al., 2015).

Considerable investigation has been
undertaken to examine  the
association between reduced or
elevated levels of thyroid hormones
during periods of development and
the following adverse effects on
neurobehavioral development in
experimental animals (Singh et al.,
2020).

Propylthiouracil (PTU) is frequently
utilized as a pharmacological agent
for the treatment of thyroid
disorders, owing to its well-
established and  well-elucidated
mode of action. PTU is a
pharmacological substance that acts
as an inhibitor of thyroid hormone
production in the thyroid gland, as
well as transformation
of tetraiodothyronine into
triiodothyronine in peripheral tissues
(Tan et al., 2021).

This research aimed to acquire a
deeper understanding of the
neurochemical and  behavioral
alterations associated with
hyperthyroidism. This was
accomplished by evaluating the
impact of induced hyperthyroidism
on the concentrations of dopamine
(DA) and acetylcholinesterase
(AchE) in the blood of adult male
albino rats. In addition to clarifying
the influence of hyperthyroidism on
memory and other behavioral
activities.

Material and methods
Drugs and Chemicals
Tablets of euthyrox (levothyroxine
sodium) were purchased from Merck
KGaA Co., Germany. Thiouracil
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(Propylthiouracil, PTU) was
obtained from Amoun

Pharmaceutical Co., Egypt.
Experimental animals

A total of 24 male albino rats,
weighing 140-180 gram, were
housed in cages containing four to
five mice each, ensuring a pathogen-
free environment. The animals were
acquired from the animal facility of
the Medical Research Center,
Faculty of Medicine, Ain Shams
University. The animals were
provided unrestricted access to a
regular meal and water ad libitum.
Every possible measure was taken to
reduce the animals' distress and
minimize the quantity of animals
utilized. The experimental procedure
received acceptance and approval
from the Research  Ethical
Committee of the Faculty of
Veterinary Medicine, Suez Canal
University, Egypt (Approval number
is 2022040).

Experimental design

After acclimatization for two weeks,
rats were haphazardly divided into
three groups, each containing 8 rats,
housed in individual cages, and
categorized as follows: Negative
Control Group; rats were serving as
a non-treated euthyroid group and
were given distilled water daily by
gastric gavage for 50 days. Positive
Control Group: rats served as a
hyperthyroid group.
Hyperthyroidism was induced by
orally delivering euthyrox
(levothyroxine sodium tablets, 240
ug’kg B.W, mixed with distilled
water) once daily for 20 days as

described by Chen et al. (2021).
They were then administered
distilled water by gastric gavage
once dailly for 30 days.
Propylthiouracil group: rats were
induced to develop hyperthyroidism
for 20 days. Subsequently, they were
treated with a reference medication,
propylthiouracil, at a dosage of 10
mg/kg B.W administered orally for a
period of 30 consecutive days
(Panda and Kar, 2007; Kasim et al.,
2020).

Collection of samples

Rats were euthanized using
ketamine and xylazine anaesthesia.
Micro-hematocrit tubes were used to
collect blood samples from the
medial canthus of the eye at the end
of the experiment and after an
overnight fast. Blood samples were
delivered into dried and thoroughly
cleaned screw-capped centrifuge
tubes and permitted to coagulate at
ambient temperature before being
centrifuged for 15 minutes at 3000
rpm in order to separate clear serum
samples for further biochemical
analysis.

Biochemical parameters

Thyroid serum hormonal profile
(free T3, freeT4, and TSH level) was
determined using rats' reagent
ELISA-kits (CSB-E05079r, CSB-

E05076r, CSB-E05115r,
respectively)  purchased  from
Cusabio Biotech Company.

Estimation was conducted using the
methodology outlined Wada et al.
(1982). AchE  levels  were
determined using Rat
Acetylcholinesterase (AchE) ELISA
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Kit (Kamiya Biomedical Company,
Catalog No: KT-5344), according to
the method described by Magnotti
Jr et al. (1987). The dopamine (DA)
level was determined using Rat
dopamine ELISA Kit (Cusabio
Biotech Company, Catalog No:
CSB-E08660r), according to the
method defined by Arnt (1982).
Neurobehavioral assessments

The open field test (OFT)

The open field test (OFT) was
employed to evaluate the behavioral
activities of rats that were raised
under various treatment conditions.
The open field apparatus consists of
a transparent cubic box made of
plexiglass, with dimensions of 40 cm
in width, 60 cm in length, and 30 cm
in height. The floor was partitioned
into six small, uniform squares
delineated by a black line,
facilitating the observation of
mobility. To limit  visual
communication between the tested
subjects, a sheet of cardboard was
placed between each instrument.
The experimental setup was
equipped with a high-definition
video camera. The rats were
relocated from their enclosures to
the experimental setup under the
supervision of a familiar individual.
Subsequently, each rat was
introduced into the central square of
the  apparatus, marking the
commencement of a 10-minute
session. Each group consisted of 8
rats that were tested. The length of
behavioral activities was recorded
according to the specifications
outlined in Table 1 as described by

according to (Mohamed et al.,
2016).
Novel
(NOR)
The researchers employed the new
object recognition test (NOR) to
evaluate potential changes in long-
term recognition memory across
various treatment circumstances.
The NOR apparatus consists of a
transparent cubic box made of
plexiglass with dimensions of 40 cm
in width, 60 cm in length, and 30 cm
in height. The floor was partitioned
into six equally sized squares, each
delineated by a black line, in order to
facilitate the observation of
movement. To  limit  visual
communication between the tested
subjects, a sheet of cardboard was
placed between each instrument.
The rats were relocated from their
enclosures to the experimental setup
under the supervision of a familiar
individual. Subsequently, each rat
was introduced into the central
square and allowed to remain there
for 10 minutes. Each experimental
group consisted of 8 rats. The NOR
apparatus  exhibited comparable
light hue and intensity to that of the
home cages utilized for rats.

The examination was structured into
three distinct phases, including the
adaptation stage, training period, and
examining stage. During the
adaptation stage, the animals are
provided with the opportunity to
freely explore an arena that is devoid
of any objects or stimuli. Following
24 hours of habituation, the animals
are subsequently subjected to a

object recognition test
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familiar arena containing two
identical objects, denoted as A and
B, which are positioned
equidistantly. During the subsequent
day, which corresponds to the testing
phase, the rat is granted the
opportunity to navigate the arena
while Dbeing exposed to both a
familiar object (B) and a novel
object (C), with the intention of
evaluating its long-term recognition
memory.

The study involved the observation
of various behavioral activities,
specifically  focusing on the
preference index. The preference
index was determined by dividing
the frequency at which the subject
selected object A or B by the sum of
the choices for both objects (A and
B) and then multiplying the result by
100%. This calculation  was
performed during the training
session. In the test phase, the
preference index was generated by
dividing the frequency with which
the subject selected object B or C by
the sum of the choices for both
objects (B and C) and then
multiplying the result by 100%. The

Recognition  Index (RIl) s
determined by dividing the amount
of time dedicated to investigating the
new item (TN) by the total duration
of object examination %%TN +
familiar item (TF)%%; All the
previous behavioral elements were
according to (Antunes and Biala,
2012).

Statistical analysis

The statistical analysis  was
performed utilizing the Statistical
Package for Social Science (SPSS)
version 22.0 for  Windows,
developed by IBM Corp. SPSS, Inc.
in Chicago, IL, USA. The Shapiro-
Wilk test was employed to assess the
normality of the data. The treatment
groups were compared using a one-
way analysis of variance (ANOVA)
in terms of biochemical parameters
and behavioral measures.
Subsequently, Duncan's post hoc
multiple comparisons (DMR) test
was performed when necessary. The
data were presented as the mean *
standard error (SE). The null
hypothesis was dismissed with a
significance threshold of a = 0.05.

Table 1. Description of the different behavioral activities measured in the
Open field test in rats reared under different treatment groups.

Behavior activities

Definition

Latency till the first step

The time spent at the central square from the start
of the session until the first move to another
square.

Walking duration

The time spent in movement between different
squares.

Exploratory activities

Pecks are directed to the floor or the walls of the
arena.
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Results

Thyroid hormones levels are
displayed in Table 2 showed that
there were indicated statistically
significant (p < 0.05) elevations in
the serum concentrations of thyroid
hormones. (FT3, FT4 and TSH) in
the hyperthyroid rats with mean
values of 11.04 + 0.42 pmol/L, 13.39
+ 0.57 pmol/L and 0.52 + 0.03
uIU/ml, respectively), as compared
to the control (3.67 = 0.16 pmol/L,
4.78 £ 0.36 pmol/L and 1.14 + 0.04
ulU/ml respectively). Nevertheless,
the levels of these hormones were
dramatically reduced (p < 0.05) in
the animal groups that received the
chemical medicine PTU to levels
that were very similar to the control
rats.

Results are presented as Mean + SE.
standard error. Superscripts
indicating different values are
considered substantially different at
a threshold of significance of P <
0.05, as determined by the Duncan
multiple test.

Moreover, rats with experimentally
induced hyperthyroidism exhibited
significant abnormalities in the
serum levels of brain markers
(acetylcholinesterase and
dopamine). Figure 1. Brain markers
levels, showed substantially lower
levels of acetylcholinesterase in the
hyperthyroid rats compared to the
healthy animals, while revealing
markedly elevated levels of
dopamine. notably, administering
PTU therapy to the group with
hyperthyroidism substantially raised
the blood levels of AchE, while

simultaneously reducing the levels
of DA (Figure 1).

Behavioral observation at open
field test (OFT)

The outcomes pertaining to the
behavioral reactions of rats in
various treatment groups during the
open field test are presented in Table
3.The latency until the first step
exhibited no statistically significant
changes in either the control
negative group or the other treatment
groups. The rats that were raised in

the  positive  control  group
demonstrated a statistically
significant increase in walking

duration activity when compared to
the other treatment groups (P <
0.05). Nevertheless, the rats in the
positive control group, as well as the
Propylthiouracil group, exhibited a
substantially lower length  of
exploratory activities (P < 0.05)
when compared to the negative
control group.

Novel object recognition test (NOR)
Results of the behavioral responses of
rats to the NOR in different treatment
groups are shown in Figure 2. Across
the testing session, results showed that
the overall preference of positive
control and propylthiouracil-treated rats
to the familiar object was significantly
higher than negative control group (P =
0.01). However, on the opposite side,
the presence of a novel object in the
familiar environment led to
significantly higher explorative and
interactive activity toward it (P = 0.02)
in the negative control group than the
positive control and propylthiouracil
groups.
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Table 2. Serum levels of thyroid hormones (FT3 , FT4 and TSH) in L-
thyroxine induced rats and PTU- treated group compared to control group.

Animal groups FT3 FT4 TSH
(pmol/L) (pmol/L) (nIU/ml)
Negative control 3.67¢+0.16 4.78°+ 0.36 1.142+£0.04
Positive control 11.042 +0.42 13.392 + 0.57 0.52°+0.03
Propylthiouracil 6.52° + 0.36 7.28° + 0.46 0.78° +0.06

Negative control Pasitve control Propylthionraci Negative control Positive control Propylthiouracil

Animal groups Animal groups

Figure 1. (A, B) Serum AchE and DA levels of hyperthyroidism-treated
animal group as compared to control groups. Results are presented as Mean +
standard error. Superscripts indicating different values are considered
substantially different at a threshold of significance of P < 0.05, as determined
by the Duncan multiple test.

Table 3. Behavioral observations (sec.) of rats reared at different treatments
at the open field test compared to the negative control group.

OFT L?tency tll Walking duration Explpr_ajcory

irst step activities
Negative Control 0.992+0.11 42.47°+¢12.39 49.162+6.78
Positive Control 1.132+0.32 75.592+13.62 34.36°+4.33
Propylthiouracil 1.22240.18 29.585+3.36 28.30°+4.63
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Results are presented as Mean + standard error. Superscripts indicating
different values are considered substantially different at a threshold of
significance of P < 0.05, as determined by the Duncan multiple test.
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Figure 2. Pl Familiar (%), PI novel (%), and RI of rats reared at different
treatments at the NOR test. Results are presented as Mean * standard error.
Superscripts indicating different values are considered substantially different
at a threshold of significance of P < 0.05, as determined by the Duncan
multiple test.

Discussion as well as downregulation of thyroid
Excessive synthesis and release of  stimulating hormone collectively are
free thyroid hormones (T3 and T4) responsible for the occurrence of
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hyperthyroidism, commonly
referred to as a hyperactive thyroid
gland (Hwang et al., 2017).
Hyperthyroidism animal  model
exhibited a significant elevation in
levels of serum total T3, FT3, total
T4, and FT3, accompanied by
decrease in serum TSH level; these
findings align with the studies
conducted by Rajab et al. (2017);
Aiouaz and Bitam (2022); Sanwal
et al. (2022). L-thyroxine (LT4) has
been reported to enhance thyroid
function by largely suppressing
oxidative iodination in the thyroid
gland, hence influencing the
production of thyroid hormones. In
addition, LT4 disrupts the process of
extrathyroidal converting T4 to T3,
leading to the production of TSH
outside of the thyroid gland
(McAninch and Bianco, 2014).
The most common anti-thyroid drug
(ATDs) used to treat
hyperthyroidism isPTU (John et al.,
2015). Thyroid iodide peroxidase is
able to catalyze the first step of
thyroid hormone production; PTU is
a potent inhibitor of this enzyme
(Duan et al., 2016). By blocking
thyroid peroxidase activity, PTU
limits T4 production. On the other
hand, PTU can impede the
conversion of T4 to T3, leading to a
drop in serum-free T3 levels
(Prescott, 2006). Therefore, PTU
expectedly  modulated  thyroid
hormones levels.

Elevated levels of thyroid hormones,
known as hyperthyroidism, are
anticipated to result in significant
brain damage (Yuan et al., 2015).

The influence of hyperactive thyroid
gland on the developing
neurological system and has been
extensively researched (Ahmed et
al., 2010; Gilbert and Zoeller, 2010;
Andersen and Andersen, 2021).
Elevated levels of thyroid hormones
throughout the developmental phase
can lead to lifelong impairments,
including structural and cellular
abnormalities, disorganization,
maldevelopment, and physical
retardation. These impacts could
potentially cause the deterioration of
essential brain functioning and
subsequently result in metabolic
dysfunctions (Hassan et al., 2013).
There is insufficient and inconsistent
information on the impact of thyroid
hormones on the activity of the
enzymes AchE and DA, which play
acrucial role in neurotransmission in
the adult rat brain. The inconsistency
appears to be caused by several
factors, including the utilization of
various animal strains and the
implementation of different
experimental protocols (either in
vivo or in vitro), the examination of
diverse brain regions, variations in
dosage, method of administration,
and type of TH dysfunctions (Sarkar
and Ray, 2001; Chakrabarti and
Ray, 2003).

In this study, we observed a decline
in AchE activity. Carageorgiou et
al. (2005) also noted a reduction in
acetylcholinesterase (AchE) activity
throughout the entire brain during
hyperthyroidism produced by T4.
Overall, Phillips et al. (2021) found
that a decrease in AchE activity was
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slightly linked to greater fT4 levels,
but not related to TSH levels.

By applying a different treatment
protocol of L-T4 administration (2.5
mg/kg B.W for 4 days followed by
either 5 or 10 mg/kg B.W every third
day for 28 days), there was a notable
increase in AchE activity observed
in both the frontal cortex and
hippocampus during the initial
dosing regimen. The enzyme
activity was specifically enhanced
solely in the hippocampus when the
second dosing regimen (28 days)
was administered (Smith et al.,
2002).

However, Almeida and Santos
(1993) did not observe any
alterations in the activity of
acetylcholinesterase (AchE) in rats
treated with T3. Carageorgiou et al.
(2007) found that hyperthyroidism
did not have an impact on the
activities of AchE, Na*, K*™-ATPase,
and Mg?*-ATPase in the frontal
cortex of adult rats. However,
hypothyroidism led to a significant
increase in  AchE  activity
(approximately 22%, P <0.01) and a
significant decrease in Na", K-
ATPase activity in the hippocampus.
Nonetheless, it is essential to
consider the potential for increased
synaptic  ACh  release  and
modulation of AchE activity
(particularly in the hippocampus)
due to the diminished TH-dependent
Na*, K'-ATPase activity. The
aforementioned modifications
caused by thyroid hormones are
anticipated to have varying effects
on the relevant monoamine

neurotransmitter systems and other
enzymatic parameters of the brain
(Carageorgiou et al., 2007)

The findings derived from our
investigation indicated that
hyperthyroidism elicited significant
elevations in blood dopamine levels.
It is in concurrence with an earlier
report that been shown that
administrating young and adult rats a
daily dose of 500 g/kg B.W of L-T4
via s.c. injection for 21 consecutive
days resulted in the manifestation of
hyperthyroidism symptoms, and a
notable rise in dopamine (DA) levels
was found in the majority of brain
regions investigated in both juvenile
and mature animals, with statistical
significance at P < 0.05 or P < 0.01
(Hassan et al., 2013).

Furthermore, numerous additional
publications concurred with our
findings. Jacoby et al. (1975)
reported that inducing
hyperthyroidism in rats with the
administration of 15 mg T4/100 g
BW for 25 days resulted in an
increased rate of buildup of
catecholamine  and  serotonin.
Additionally, Ito et al. (1977)
highlighted that the rate of
accumulation of DA and 5-HT in
hyperthyroidism enhanced in the
meso-diencephalon and  pons-
medulla. Moreover, the findings of
Rastogi and Singhal (1976)
demonstrated that the treatment of
thyroxine to neonatal rats for a
duration of 30 days resulted in an
elevation of dopamine levels in the
brain. Puymirat (1985) determined
that hyperthyroidism escalated the
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rate of catecholamine production
and triggered heightened sensitivity
of noradrenergic receptors. Multiple
studies have provided evidence
supporting this idea, showing an
increase in the activity of tyrosine
hydroxylase, the initial and
controlling enzyme in the production
of catecholamine, after experiencing
hyperthyroidism.

Dopamine  elevation can be
elucidated through many
mechanisms. For instance, the
increased concentrations of

dopamine in multiple brain regions
may be associated with the
modification of dopamine receptor
site  sensitivity  caused by
hyperthyroidism (Yudiarto et al.,
2006). These factors encompass the
presence  of  chorea  during
hyperthyroidism, the effectiveness
of dopamine antagonists in treating
hyperthyroid chorea, and the impact
of thyroid function on brain
dopamine metabolism, as indicated
by levels of cerebrospinal fluid
homovanillic acid (Weiner and

Klawans, 2012). In addition,
hyperthyroidism  heightened the
amount of the chemical

catecholamine  production  and
triggered increased sensitivity of
noradrenergic receptors, while also
inhibiting the uptake of 5-HT in the
hippocampus and cerebral cortex of
adult male rats. Thus, the augmented
production of this amine's synthetic
routes may be a result (Shahat et al.,
2022).

Propylthiouracil treated rats have
shown slightly adjusted levels of

AchE and DA. We speculated that
alleviated hyperthyroidism status by
PTU administration has altered
levels AchE and DA.

Ultimately, the rats underwent the
open field test to evaluate various
behavioral activities. The study
revealed that the time of walking
was much longer in the hyperthyroid

group in comparison to the
propylthiouracil  and  negative
control  groups, indicating a

heightened sense of anxiety and
physical activity in rats with
hyperthyroidism. This result is
consistent with the findings reported
in earlier literature (Redei et al.,
2001; Levineetal., 2003; Zhu et al.,
2022). Exploratory activities were
observed to be lower in both the
positive control group and the
hyperthyroidism treatment group
compared to the control rats. This
suggests a defect in exploring a
novel environment in these groups,
which aligns with findings from
earlier studies (Sala-Roca et al.,
2002; Bruno et al., 2006).

Subsequently, rats were exposed to
learning and memory activities,
including the Novel Object
Recognition (NOR) test. Throughout
the training phase, every rat
successfully differentiated between
the two indistinguishable objects.
During the testing phase, the control
rats  successfully  differentiated
between the novel object and the
familiar  object, while  the
hyperthyroid and propylthiouracil
groups were unsuccessful in doing
so. Learning and  memory
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hyperthyroidism have been improvement of thyroid tissue

extensively documented, with over
50% of hyperthyroid patients
typically experiencing memory loss
(GObel et al., 2016; Bavarsad et al.,
2019; Nicola et al., 2021; Sahin et
al., 2023). As far as we know, this is
the initial instance where a NOR test
has been employed to identify
learning and memory in
hyperthyroid rat. Our findings are
consistent  with  the research
performed by Zhu et al. (2022), who
were the pioneers in utilizing the
NOR test on hyperthyroid mice.
Conclusion

The current study indicates that
hyperthyroidism significantly
impacts the levels of acetylcholine
and dopamine. Nevertheless, further
research is required to clarify the

fundamental mechanisms of the
association between thyroid
dysfunctions and neurochemical
alterations as all the existing

literature on this subject is outdated.

References

Ahmed, O., Abd El-Tawab, S.,
Ahmed, R., 2010. Effects of
experimentally induced maternal
hypothyroidism and
hyperthyroidism on the development
of rat offspring: 1. The development
of the  thyroid  hormones—
neurotransmitters and adenosinergic
system interactions. International
Journal of Developmental
Neuroscience 28, 437-454.

Aiouaz, M., Bitam, A., 2022.
Bunium incrassatum Bois. Batt.

damages in female rats. Journal of

Fundamental and Applied
Pharmaceutical Science 2, 92-108.
Al-Suhaimi, E.A., Khan, F.A.,

2022. Thyroid Glands: Physiology
and  Structure, In: Emerging
Concepts in Endocrine Structure and
Functions. Springer, pp. 133-160.
Alcaide Martin, A., Mayerl, S.,
2023. Local Thyroid Hormone
Action in Brain Development.
International Journal of Molecular
Sciences 24, 12352,

Almeida, O.M., Santos, R., 1993.
Triiodothyronine  (T3) modifies
cholinergic-induced  hypothermia
and tremor in rats. Pharmacology
Biochemistry and Behavior 46, 729-
732.

Andersen, S.L., Andersen, S.,
2021. Hyperthyroidism in
pregnancy: evidence and hypothesis
in  fetal programming  and
development. Endocrine
Connections 10, R77-R86.
Antunes, M., Biala, G., 2012. The
novel object recognition memory:
neurobiology, test procedure, and its
modifications. Cognitive processing
13, 93-110.

Arnt, J., 1982. Pharmacological
specificity of conditioned avoidance
response inhibition in rats: inhibition
by neuroleptics and correlation to
dopamine receptor blockade. Acta
pharmacologica et toxicologica 51,
321-329.

Bavarsad, K., Hosseini, M,
Hadjzadeh, M.A.R., Sahebkar, A,
2019. The effects of thyroid hormones



112

Ibrahim A. Ibrahim et al.

on memory impairment  and
Alzheimer's disease. Journal of cellular
physiology 234, 14633-14640.

Braun, D., Kinne, A., Brauer, A.U.,
Sapin, R., Klein, M.O., Kéhrle, J.,
Wirth, E.K., Schweizer, U., 2011.
Developmental and cell type-specific
expression of thyroid hormone
transporters in the mouse brain and in
primary brain cells. Glia 59, 463-471.

Bruno, A.N., Fontella, F.U.,,
Bonan, C.D., Barreto-Chaves,
M.L.M., Dalmaz, C., Sarkis,
JJ.F., 2006. Activation of
adenosine Al receptors alters
behavioral and biochemical
parameters in hyperthyroid rats.
Behavioural brain research 167,
287-294.

Carageorgiou, H., Pantos, C.,
Zarros, A., Mourouzis, 1.,
Varonos, D., Cokkinos, D.,
Tsakiris, S., 2005. Changes in
antioxidant status, protein

concentration,
acetylcholinesterase,(Na+, K+)-,
and Mg 2+-ATPase activities in the
brain of hyper-and hypothyroid adult
rats. Metabolic brain disease 20,
129-1309.

Carageorgiou, H., Pantos, C.,
Zarros, A, Stolakis, V.,
Mourouzis, 1., Cokkinos, D.,
Tsakiris, S., 2007. Changes in
acetylcholinesterase, Na+, K+-
ATPase, and Mg2+-ATPase

activities in the frontal cortex and the
hippocampus of hyper-and
hypothyroid adult rats. Metabolism
56, 1104-1110.

Chakrabarti, N., Ray, A.K., 2003.
Stimulation of AChE activity in
relation to changes in

electronmicroscopic  structure of
adult rat cerebrocortical
synaptosomes pretreated with 3-5-
3'-trilodo-L-thyronine. Neuroreport
14, 1497-1501.

Chen, J., Dou, P., Xiao, H., Dou,
D., Han, X., Kuang, H., 2021.
Application of Proteomics and
Metabonomics to Reveal the
Molecular Basis of Atractylodis
Macrocephalae Rhizome for
Ameliorating Hypothyroidism
Instead of Hyperthyroidism.
Frontiers in Pharmacology 12.

Cho, H., Jeong, S.-H., Park, M.-H.,
Kim, Y.-H., Wolf, C., Lee, C.-L., Heo,
J.H., Sadhanala, A., Myoung, N.,
Yoo, S., 2015. Overcoming the
electroluminescence efficiency
limitations of perovskite light-emitting
diodes. Science 350, 1222-1225.
Cruz-Flores, S., 2021. Neurological
complications of endocrine
emergencies. Current Neurology and
Neuroscience Reports 21, 1-11.
Day, T., Greenfield, S., 2002. A
non-cholinergic, trophic action of
acetylcholinesterase on hippocampal
neurones in  vitro:  molecular
mechanisms. Neuroscience 111,
649-656.

Duan, Q., Wang, T., Zhang, N.,
Perera, V., Liang, X., Abeysekera,

LR, Yao, X., 2016.
Propylthiouracil, perchlorate, and
thyroid-stimulating hormone

modulate high concentrations of

iodide instigated mitochondrial
superoxide  production in the
thyroids of metallothionein I/Il

knockout mice. Endocrinology and
Metabolism 31, 174-184.



SCVMJ, XXIX (1) 2024

113

Duval, F., Mokrani, M.-C,
Monreal-Ortiz, J.A., Fattah, S,
Champeval, C., Schulz, P,
Macher, J.-P., 2006. Cortisol
hypersecretion in unipolar major
depression with melancholic and
psychotic features: dopaminergic,
noradrenergic and thyroid correlates.
Psychoneuroendocrinology 31, 876-
888.

Emmett, S.R., Greenfield, S.A,,
2005. Correlation between
dopaminergic neurons,
acetylcholinesterase and nicotinic
acetylcholine receptors containing
the o3-or aS5-subunit in the rat
substantia nigra. Journal of chemical
neuroanatomy 30, 34-44.

Gilbert, M.E., Zoeller, R., 2010.
Thyroid hormone-impact on the
developing brain: possible
mechanisms  of  neurotoxicity.
Neurotoxicology 3, 79-111.

Gobel, A., Heldmann, M,
Gottlich, M., Dirk, A.-L., Brabant,
G., Minte, T.F., 2016. Effect of
mild thyrotoxicosis on performance
and brain activations in a working
memory task. PLoS One 11,
e0161552.

Graves, R., 1835. Newly observed
affection of the thyroid gland in
females. London Med & Surg Jour 7,
516-517.

Hassan, W.A., Rahman, T.A,, Aly,
M.S., Shahat, A.S., 2013.
Alterations in monoamines level in
discrete brain regions and other
peripheral tissues in young and adult
male rats during experimental
hyperthyroidism. International

Journal of Developmental
Neuroscience 31, 311-318.

Hwang, J.H., Kang, S.Y., Kang,
AN., Jung, HW., Jung, C., Jeong,
J.-H., Park, Y.-K., 2017. MOK, a
pharmacopuncture medicine,
regulates thyroid dysfunction in L-
thyroxin-induced hyperthyroidism
in rats through the regulation of
oxidation and the TRPV1 ion
channel. BMC complementary and
alternative medicine 17, 1-13.

Ito, J., Valcana, T., Timiras, P.,
1977. Effect of  hypo-and
hyperthyroidism on regional
monoamine metabolism in the adult
rat brain. Neuroendocrinology 24,
55-64.

Jacoby, J.H., Mueller, G,
Wurtman, R.J., 1975. Thyroid state
and brain monoamine metabolism1.
Endocrinology 97, 1332-1335.
John, M., Sundrarajan, R,
Gomadam, S.S., 2015. Anti-thyroid
drugs in pediatric Graves' disease.
Indian Journal of Endocrinology and
Metabolism 19, 340.

Kasim, S.F., Hamzah, F.Z., Al-
Sharafi, N., 2020. Ameliorative
effect of rosemary leaves extract on
thyroid gland function in
hyperthyroid male albino rats.
Biochem. Cell. Arch 20, 1241-1246.
Kumar, M., Singh, S., Rana, P.,
Modi, S., Sekhri, T., Kanwar, R.,
D'Souza, M., Khushu, S., 2022.
Brain functional connectivity in
patients with hyperthyroidism after
anti-thyroid treatment. Journal of
Neuroendocrinology 34, e13075.
Kurian, M.A., Jungbluth, H.,
2014. Genetic disorders of thyroid



114

Ibrahim A. Ibrahim et al.

metabolism and brain development.
Developmental Medicine & Child
Neurology 56, 627-634.

Lee, E.-H., Kim, S.-M., Kim, C.-
H., Pagire, S.H., Pagire, H.S,,
Chung, H.Y., Ahn, J.H., Park, C.-
H., 2019. Dopamine neuron
induction and the neuroprotective
effects of thyroid hormone
derivatives. Scientific Reports 9,
136509.

Levine, J.A., Nygren, J., Short,
K.R., Nair, K.S., 2003. Effect of
hyperthyroidism on spontaneous
physical activity and energy
expenditure in rats. Journal of
Applied Physiology 94, 165-170.
Lillevang-Johansen, M., Petersen,
I., Christensen, K., Hegedus, L.,
Brix, T.H., 2014. Is previous
hyperthyroidism associated with
long-term cognitive dysfunction? A
twin study. Clinical endocrinology
80, 290-295.

Losi, G., Garzon, G., Puia, G.,
2008. Nongenomic regulation of
glutamatergic neurotransmission in
hippocampus by thyroid hormones.
Neuroscience 151, 155-163.
Magnotti Jr, R., Eberly, J.,
Quarm, D., McConnell, R., 1987.
Measurement of
acetylcholinesterase in erythrocytes
in the field. Clinical chemistry 33,
1731-1735.

McAninch, E.A., Bianco, A.C,,
2014. Thyroid hormone signaling in
energy homeostasis and energy
metabolism. Annals of the New
York Academy of Sciences 1311,
77-87.

Mohamed, R.A., Abou-Ismail,
U.A., Shukry, M., 2016. Effects of
different monochromatic LED light
colours on fear reactions and
physiological responses in Mulard
ducks. Animal Production Science
57, 1128-1136.

Moog, N.K., Entringer, S., Heim,
C., Wadhwa, P.D., Kathmann, N.,
Buss, C., 2017. Influence of
maternal thyroid hormones during
gestation on fetal brain
development. Neuroscience 342, 68-
100.

Nicola, O.-M., Popescu, M.,
Vladoianu, C.-N., Carlig, V.,
Carsote, M., Ghenea, A.E., 2021.
Study of Cognitive Disfunctions in
Thyroid Pathology. depression and
anxiety 6, 7.

Panda, S., Kar, A., 2007. Annona
squamosa seed extract in the
regulation of hyperthyroidism and
lipid-peroxidation in mice: possible
involvement of quercetin.
Phytomedicine 14, 799-805.
Phillips, S., Suarez-Torres, J.,
Checkoway, H., Lopez-Paredes,
D., Gahagan, S., Suarez-Lopez,
J.R., 2021. Acetylcholinesterase
activity and thyroid hormone levels
in Ecuadorian adolescents living in

agricultural settings where
organophosphate  pesticides are
used. International journal of

hygiene and environmental health
233, 113691.

Prescott, P.T., 2006. Disorders of
the thyroid, In: Medical
management of the surgical patient.
Cambridge University Press, New
York, pp. 367-373.



SCVYMJ, XXIX (1) 2024 115
Puymirat, J., 1985. Effects of  dysthyroidism on activity and
dysthyroidism on central exploration. Physiology & behavior
catecholaminergic neurons. 77,125-133.

Neurochemistry
969-977.
Rajab, N.M.A., Ukropina, M.,
Cakic-Milosevic, M., 2017.
Histological and ultrastructural
alterations of rat thyroid gland after
short-term treatment with high doses
of thyroid hormones. Saudi journal
of biological sciences 24, 1117-
1125.

Rastogi, R., Singhal, R.L., 1976.
Influence of neonatal and adult
hyperthyroidism on behavior and
biosynthetic capacity for
norepinephrine, dopamine and 5-
hydroxytryptamine in rat brain.

international 7,

Journal of Pharmacology and
Experimental Therapeutics 198,
609-618.

Redei, E.E., Solberg, L.C,

Kluczynski, J.M., Pare, W.P., 2001.
Paradoxical hormonal and behavioral
responses to  hypothyroid and
hyperthyroid states in the Wistar—Kyoto
rat. Neuropsychopharmacology 24,
632-639.

Rovet, J.F., 2014. The role of
thyroid  hormones for  brain
development and cognitive function.
Paediatric Thyroidology 26, 26-43.
Sahin, L., Musuroglu, S.K., Cevik,
0.S,, Cevik, K., Temel, G.O., 2023.
Hyperthyroidism leads learning and
memory impairment possibly via
GRIN2B expression alterations.
Brain Research 1802, 148209.
Sala-Roca, J., Marti-Carbonell,
M.A., Garau, A., Darbra, S,
Balada, F., 2002. Effects of chronic

Sam, C., Bordoni, B., 2022.
Physiology, acetylcholine, In:
StatPearls [Internet].  StatPearls
Publishing.

Sanwal, R., Kaushik, M.L., Bisht,
S., 2022. Alpinea galanga (L)
extracts decreases TSH levels and
balances tri-iodothyronine (T3),
thyroxine (T4) levels with protective
effect on thyroid tissue in wistar rats
with thyroid disorder. Research

Journal of  Pharmacy and
Technology 15, 4372-4376.
Sarkar, P., Ray, A. 2001.

Involvement of L-triiodothyronine
in acetylcholine metabolism in adult
rat cerebrocortical synaptosomes.
Hormone and Metabolic Research
33, 270-275.

Shahat, A.S., Hassan, W.A., El-
Sayed, W.M,, 2022. N-
Acetylcysteine and Safranal
prevented the brain damage induced
by hyperthyroidism in adult male
rats. Nutritional Neuroscience 25,
231-245.

Singh, S., Panda, V., S, S., Dande, P.,
2020. Protective effect of a polyherbal
bioactive fraction in propylthiouracil-
induced thyroid toxicity in ratsby
modulation of the hypothalamic—
pituitary—thyroid and hypothalamic—
pituitary—adrenal axes. Toxicology
Reports 7, 730-742.

Smith, J.W., Evans, A.T., Costall,
B., Smythe, J.W., 2002. Thyroid
hormones, brain function and
cognition: a  brief  review.
Neuroscience &  Biobehavioral
Reviews 26, 45-60.



116

Ibrahim A. Ibrahim et al.

Summers, R., Macnab, R., 2017.
Thyroid, parathyroid hormones and
calcium homeostasis. Anaesthesia &
Intensive Care Medicine 18, 522-
526.

Tan, S., Chen, L., Jin, L., Fu, X.,
2021. The efficiency and safety of
methimazole and propylthiouracil in
hyperthyroidism: A meta-analysis of
randomized  controlled trials.
Medicine (Baltimore) 100, e26707.
Taylor, P.N., Albrecht, D., Scholz,
A., Gutierrez-Buey, G., Lazarus,
J.H., Dayan, C.M., Okosieme,
O.E., 2018. Global epidemiology of
hyperthyroidism and
hypothyroidism. Nature Reviews
Endocrinology 14, 301-316.

Wada, H.G., Danisch, R.J.,
Baxter, S.R., Federici, M.M,,
Fraser, R.C., Brownmiller, L.J.,
Lankford, J., 1982. Enzyme
immunoassay of the glycoprotein

tropic hormones--
choriogonadotropin, lutropin,
thyrotropin--with solid-phase

monoclonal antibody for the alpha-
subunit and  enzyme-coupled
monoclonal antibody specific for the
beta-subunit. Clinical chemistry 28,
1862-1866.

Wang, F., Zeng, X., Zhu, Y., Ning, D.,
Liu, J., Liu, C., Jia, X., Zhu, D., 2015.
Effects of thyroxine and donepezil on

hippocampal acetylcholine content,
acetylcholinesterase activity,
synaptotagmin-1 and SNAP-25

expression in hypothyroid adult rats.

Molecular medicine reports 11, 775-
782.

Wang, Y., Sun, Y. Yang, B,
Wang, Q., Kuang, H., 2023. The
management and metabolic
characterization: Hyperthyroidism
and hypothyroidism. Neuropeptides
97, 102308.

Weiner, W., Klawans, H., 2012.
Hyperthyroid chorea. R]. Vinken,
GW Bruyn, & HL Klawans (Eds.),
Handbook ofclinical neurology 27,
279-320.

Yadav, R.K., Magar, N.T., Poudel,
B., Yadav, N.K., Yadav, B., 2013.
A prevalence of thyroid disorder in
Western part of Nepal. Journal of
clinical and diagnostic research:
JCDR 7, 193.

Yuan, L., Tian, Y., Zhang, F., Ma,
H., Chen, X,, Dai, F., Wang, K.,
2015. Decision-making in patients
with hyperthyroidism: a
neuropsychological study. PloS one
10, e0129773.

Yudiarto, F.L., Muliadi, L.,
Moeljanto, D., Hartono, B., 2006.
Neuropsychological  findings in
hyperthyroid patients. Acta med
indones 38, 6-10.

Zhu, W., Wu, F., Li, J., Meng, L.,
Zhang, W., Zhang, H., Cha, S,
Zhang, J., Guo, G., 2022. Impaired
learning and memory generated by
hyperthyroidism is rescued by
restoration of AMPA and NMDA
receptors function. Neurobiology of
Disease 171, 105807.



SCVMJ, XXIX (1) 2024 117

Al paidlall

b OVl vaadll aa g e ddas jall Al clieliadll (e saal g & Anaaxll CilicLiadl)
523]) LaLsii a3 e daalil) dpsmall il plaia ¥ a0l Al ol il gla 438 50l 30l Jabiis
saall Ll Ja ja Culan) 3w yaill 3 jall 53 AL all U ASL Ll jaladl 548 )
sl ok o 08/ ol a5 S0 240 e s o s gl S5 - slae ] G sk (e 4850
(e paS/pale 10 4o > pladi WL LTS Jlae o) ja) a3 e sy 33a 53 50 <La 52 20 B2e B2xall
saal) ol Ja jiy Alamall () 5l Apwaaly o U1 il "Jaasl ) 55 Jar g " alasi ) Ll 6 5al)
Cle gane E ) pgiand s LI elmall (13 sall e 1S3 g e 5 da )l R0 3 3850
Ao sana s Aoy Al de sanall il o) Aol Ao sanall U gl e Lol s Ze
U sale e il gl 48 50l sl Il Ja j8 o3 e o ) i) el Jaad ) 5555 i sl
ula ) el (88 all (0553 50 S 5 AlNAE Hal) Baall Clla g 0 Clysiwse &
&5l 5 el gl Aadail 38 Sl llia CilS Jaal) 8 TSH (5 sina (4 alisd
Cedal Gl 6 i) Sl sine (A S (aliail Ugnaan ¢ uS IS Cpabygall (5 sha  ja
el Y e Capeill 5 K03 Aaga 3 aiSs JaT 2100 A8 all sasdl b8 o ja Al adl) o) yadl)

A8l 5aad) Ll Ja i Alla 85 ,SIA) 8 G gon e Jy Laa ayaal



