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Abstract
Apart from a role as a key regulator of calcium/phosphate homeostasis, vitamin D (Vit D) is suggested to
be a potential player in nervous system growth and function. This study aimed to assess the impacts of
Vit D administration against memory impairment, oxidative damage and acetylcholinesterase (AchE)
overactivity caused by hypothyroidism in juvenile rats. The animals were randomly grouped as: 1)
Control; 2) Hypothyroid; 3) Hypothyroid-Vit D 100 and 4) Hypothyroid-Vit D 500. Propylthiouracil (PTU)
was added to their drinking water (0.05%) for 6 weeks and Vit D (100 or 500 IU/kg) treatment was daily
performed by gavage. Morris water maze (MWM) and passive avoidance (PA) tests were performed. The
brains were removed under deep anesthesia, then the hippocampal and cortical tissues were separated to
assess biochemical parameters. Hypothyroidism was significantly associated with learning and memory
impairment in MWM and PA tests. Hypothyroidism also elevated acetylcholinesterase (AChE) activity and
malondialdehyde (MDA) content, while it reduced thiol content and superoxide dismutase (SOD) activity
in the brain. Treatment with Vit D recovered hypothyroidism-induced cognitive impairment and improved
memory performance in MWM and PA tasks. On the other hand, Vit D alleviated AChE activity and MDA
level, whereas increased SOD activity and thiol content in the hippocampal and cortical tissues. In
conclusion, these outcomes suggest that oral consumption of Vit D may play a protective role against
memory dysfunction caused by hypothyroidism by inhibiting AChE activity and oxidative stress in the
brain.

Introduction
Hypothyroidism is one of the most common metabolic /endocrine disease worldwide (1). The estimated
prevalence of hypothyroidism in the general population varies between 0.3% and 3.7% in the United
States and 0.2% and 5.3% in Europe (2). The involvement of thyroid hormones (THs) in brain
development has been well documented and it confirms that these hormones are essential for brain
development, maturation, and function throughout the life (3). It has been well documented that THs
governs many aspects related to neuronal health, proliferation, migration, differentiation, and myelination
(4). Researchers have also indicated that the reduction in THs level results in a significant neurocognitive
impairment, memory and learning disorders that develops across the life span (5). In addition, some
studies have reported that hypothyroidism during pregnancy and neonatal period changes the pattern of
cell migration and decreases synaptogenesis, dendritic spine density, and myelination in areas of the
brain such as hippocampus (6, 7). Lower cell numbers in the hippocampus have been observed following
hypothyroidism. (8). The exact mechanism(s) responsible for the adverse effects of hypothyroidism on
cognition is still in debate. Evidence suggests that there is a correlation between THs and oxidative stress
indicators in various tissues of the body, including the brain (9). It is also suggested that THs can alter
oxidative stress markers via changing the activity and expression of enzymatic and nonenzymatic antioxidant genes(10). It has been indicated that hypothyroidism increases brain oxidative
damage leading to memory deficits (11). On the other hand, the brain is vulnerable to excessive oxidative
insults due to its high oxygen consumption, huge amounts of polyunsaturated fatty acids, and lower
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antioxidant capacity (12). Oxidative damage has been known to play an important role in learning and
memory impairments by disrupting axonal activity, degeneration, and neuronal death (9). The
hippocampus is well known as a target area of the brain that is involved in learning and memory. It also
has an important role in general cognition, emotional responses, and spatial orientation, and even in
encoding predictions for future events. Thus, its dysfunction has been implicated in cognitive
impairments (13, 14). The critical period of hippocampus development in the rat is the infancy period
(15). According to previous studies, the hippocampus requires a sufficient supply of THs during
development and is vulnerable to a deficiency of these hormones (16). On the other hand, the
hippocampus has been reported as a region most susceptible to oxidative damage due to its high
metabolic activity, and based on the previous studies, hypothyroidism-induced oxidative stress adversely
affects the hippocampus, as well as reduces the number of hippocampal neurons, and then eventually
leads to severe cognitive impairment (17). In recent years, researchers have paid special attention to the
use of antioxidant compounds in the treatment of diseases associated with oxidative stress and
inflammation. The study on vitamins has been increased for their antioxidant properties (18, 19). Vitamin
D (Vit D) is a fat-soluble hormone with antioxidant properties that have been shown to have a crucial role
in the neuronal development process, including proliferation, differentiation, migration and, axonal
growth. In addition, Vit D plays crucial roles in neurotransmission, neuroplasticity, and neuroprotection.
Various studies have demonstrated that Vit D can up-regulate the synthesis of the nerve growth factors
(NGFs) (20, 21). Since NGF predominantly is found in the hippocampus, it affects the growth and survival
of developing neurons, cholinergic activity, and synaptic plasticity (22). Furthermore, Vit D is capable of
maintaining the oxidant-antioxidant equilibrium through increasing intracellular antioxidants
concentration and eliminating excess free radicals, and thereby down-regulating the oxidative stress (23,
24). In addition, it has been reported that Vit D stimulates gamma-glutamyl transpeptidase (GGT) activity
preventing hippocampal damage (25, 26). It is worth mentioning that Vit D receptors are widely expressed
in different regions of the brain, like the hippocampus (27). Treatment with Vit D has been found to
prevent cognitive decline, improve hippocampal synaptic function and enhance memory efficiency in
aging rats (28). Despite studies on the effects of Vit D on brain function and neuronal health, little is
known about the several aspects of this substance on the hippocampus and memory in hypothyroid
status. The neonatal and juvenile period was chosen because they are vital periods in the development of
the brain and damage to the hippocampus in these periods can have irreparable consequences on
learning and memory, and affect later stages of life. (29, 30). Little research has been performed on the
relationship between Vit D and hypothyroidism. Most of them point out a direct relationship between Vit
D deficiency and thyroid disorders, especially hypothyroidism. Their results indicated that daily
administration of Vit D is necessary for patients with thyroid dysfunction and may be effective in
improving symptoms (31, 32). Regarding previous studies and based on the neuroprotective properties of
Vit D, it is worthwhile to evaluate the potential effects of Vit D on memory dysfunction and brain tissue
oxidative damage observed in hypothyroid Juvenile rats.

Materials And Methods
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Animals
Forty male Wistar rats (21 days old, weighing 50–60 g) were purchased from the animal house of
Mashhad University of Medical Sciences, Mashhad, Iran. The rats were kept in a standard condition (22 ±
2°C and 12-hour light/dark cycle) with free access to food and water. All institutional and national
guidelines for the care and use of laboratory animals were followed. This study was done in accordance
with the instructions of the National Institute of Health Guide for the Care and Use of Laboratory Animals
(NIH Publications No. 80-23, revised 1978) and approved by Ethical Committee at Mashhad University of
Medical Sciences, Mashhad, Iran (Ethical Approved Number: IR.MUMS.MEDICAL.REC.1399.116).
Chemicals
Propylthiouracil (PTU) was purchased from Sigma (Sigma Aldrich Chemical Co. Germany). Vitamin D3
(cholecalciferol) was purchased from the Darupakhsh Pharmaceutical Co., Iran. Tween 80 (Sigma-Aldrich
Company, St. Louis, MO, USA) was used to dissolve vitamin D (33).
Experimental design
The rats were randomly divided into four groups: 1) Control group; the animals received drinking water
with solvent of Vit D. 2) Hypothyroid group; the animals received 0.05% PTU in drinking water with solvent
of Vit D; 3) Hypothyroid-Vit D 100 and 4) Hypothyroid-Vit D 500; besides 0.05% PTU in drinking water, the
animals of groups 3 and 4 received 100 IU/kg/day and 500 IU/kg/day of Vit D respectively by gavage (34,
35). The duration of treatment for all groups was six weeks (36). At the end of the sixth week, to evaluate
the performance of memory and learning, behavioral tests including Morris water maze (MWM) and
passive avoidance (PA) tests were performed. After that, the animals were deeply anesthetized (Ketamine
100 mg/ kg + Xylazine10 mg/ kg) and blood samples were taken trancardinally and used to confirm
hypothyroidism using the radioimmunoassay method (Dai source, T4- RIA - CT). Finally, the brains were
removed and the hippocampal and cortical tissues separated and stored at −80∘ C to be used for
biochemical measurements.
Behavioral assessments
Behavioral assessments included Morris water maze (MWM) and passive avoidance test (PA) was done.
The tests were conducted in a closed, noiseless, and light-controlled room.
MWM test
MWM was used to assess the spatial learning and memory ability of the rats. The MWM apparatus (Borj
Sanat, Tehran, Iran) was containing a circular black pool (diameter 136 cm, height 60 cm) and was
dividing into four imaginary quadrants; north, south, east, and west. The pool was filled with water in
temperature-controlled (23–25°C) and a rescue platform (10 ×28 cm) was submerged 2 cm below the
surface of the water in the middle of the southwest quadrant that was not visible for animals. Outside the
maze, some visual signs were placed on the walls and animals could memorize the signs to identify the
Page 4/27

position of the platform. Briefly, the rats carried out four trials daily, for five days. In each trial, the rats
were placed randomly at a random starting position from one of four directions facing the pool wall and
allowed them to swim 60 second to self- discover the location of the platform and remained upon the
platform for 15 seconds to look around of the maze. Animals that did not find the platform within the
specified time were gently guided to the platform. Then, traveled distance (path length) and delay time to
find the platform (latency) were recorded by a video computerized tracking system. On the probe day
(sixth day), the platform was removed and the animals were allowed to swim for 60 seconds. To compare
between the groups, the elapsed time and distance traveled in the target quadrant were recorded (37).
PA test
PA was performed by shuttle box based on negative amplification to examine simple non-spatial learning
ability. PA apparatus contains a light and a dark chamber with a grid floor and dimensions of 20×20×30
cm which is separated by a small gate. The floor of the dark room was made of stainless steel rods with
a distance of 1cm between them and capable of delivering a slight electric foot shock. The experiment
was consisted of three steps: Briefly, before the training phase, the rats were accustomed with the
apparatus for two consecutive days for five minutes each day. In the training session, the rats were
placed in the light chamber and when the animal was entered the dark chamber, the gate was closed and
then received an electrical shock (50Hz, 2mA for 2sec). At the end (the retention phase), the test was
repeated for 3, 24, 48, and 72h after shock, and step-through latency (STL), as well as the time spent by
the animals in the dark and light room, was recorded at a 300 second period (38).
Biochemical assessment
After the behavioral assessments, the animals were sacrificed and their hippocampal and cortical tissues
were removed and then homogenized with phosphate buffer saline (PBS) to provide a 10% homogenate
(0.1g tissue was added 1ml PBS) to analyze total thiol and malondialdehyde (MDA) concentrations and
superoxide(SOD) and acetylcholinesterase(AChE) activities.
Measurement of total thiol content
Total thiol contents were determined using 2, 2′-dinitro-5, 5′-dithiodibenzoic acid (DTNB), which reacts
with thiol groups (SH) to produce a yellow solution with maximum absorbance at 412 nm. To measure
thiol content, 50 μl of supernatants and tris- ethylenediaminetetraacetic acid (EDTA) buffer (pH=8.2) were
mixed and the absorbance was read at 412nm (A1). Then 20 μl DTNB reagents were added to the mixture
and stored at room temperature for 15 minutes and then the absorbance was read again (A2). The
absorbance of DTNB reagent was also read as a blank (B). Total thiol concentration (mM) was calculated
accordance an equation previously described by Hosseini et al. (2013) (39).
Measurement of MDA
MDA as a primary indicator of lipid peroxidation was measured based on the fact that MDA reacts with
thiobarbituric acid (TBA), which generates a pink complex with a peak absorbance at 535 nm. In
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brief, 2ml of TBA + (trichloroacetic acid) (TCA) + (hydrochloric acid) (HCL) reagents were added to 1ml of
tissue homogenate and then solution was incubated in a boiling water bath for 40 min. After removing
the samples from the bath, the samples were allowed to reach the room temperature. Then, the samples
were centrifuged (100 g for 8 min). After that, the supernatant was separated and the absorbance was
read at 535 nm. MDA level was measured using a formula previously described by Hosseini et al.
(2013) (39).
Measurement of SOD activity
SOD activity was measured by the method determined by Madesh and Balasubramanian (1998) (40).
This protocol is a colorimetric assay based on the production of superoxide by pyrogallol auto-oxidation
and inhibition of superoxide-dependent depletion of the tetrazolium (MTT (3-(4, 5-dimethylthiazol-2-yl) 2,
5- diphenyltetrazolium bromide)) dye to its formazan by SOD. The colorimetric changes were measured
at 570 nm. One unit of SOD activity was defined as the amount of enzyme leads to 50% inhibition in the
MTT reduction rate.
Measurement of AChE activity
To determined AChE activity, Ellman procedure described in (Hosseini et al. 2015) was used (41). Briefly,
the supernatant (40μl) was mixed with a solution containing PBS (3ml) and DTNB (100μl) and incubated
for 5min at 37°C. The absorbance was read at 412 nm. After that, 10μl of 75mM acetylthiocholine was
added to the mixture and incubated at 37°C for 5min. Finally, the difference of the absorbance during 5
min was read, and AChE activity was calculated and stated as nmol/min/ mg protein.
Statistical analysis
To evaluate data, SPSS software (version 16 Chicago, IL) was used. The data of the MWM during 5 days
were analyzed using repeated measures analyses of variance (ANOVA) followed by Tukey’s post hoc test.
The data of PA test, the data of probe test and biochemical data were analyzed using one-way ANOVA
followed by Tukey’s post hoc comparisons test. All data were expressed as mean ±SEM. Differences were
considered statistically significant when P < 0.05.

Results
Behavioral results
Morris water maze test (MWM)
The results of the MWM showed that the escape latency and traveled path to find the platform increased
were significantly longer in the Hypothyroid group than in the control group (p < 0.05 to p < 0.001). The
animals in Hypothyroid -Vit D100 and Hypothyroid -Vit D500 groups had significantly shorter time latency
and distance to find the platform in comparison with the Hypothyroid group (p < 0.01 to p < 0.001).
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However, there was no significant difference in the time and swimming length path among the control,
Hypo-Vit D100 and Hypo-Vit D500 groups (Figure 1A and B).
In the probe trial, the comparison of the traveling time and distance in target area of MWM after removing
the platform are shown in (Figure 2A and B). The results indicated that the animals of
the Hypothyroid group spent shorter time, as well as traveled shorter distance in the target quadrant (Q1)
than the control group (p < 0.001). Also, the animals in the Hypothyroid -Vit D100 and Hypothyroid -Vit
D500 groups spent more times and traveled longer distance in Q1 compared to the Hypothyroid group (p
< 0.001). No significant differences were observed in the elapsed time and the traveled distance in the Q1
among the control, Hypothyroid -Vit D100, and Hypothyroid -Vit D500 groups.
Passive avoidance test (PA)
The results showed that the time latency to enter the dark chamber at 3, 24, 48 and 72 hours after delivery
a shock considerably decreased in the Hypothyroid group compared to the control group (p < 0.001).
Moreover, the time latency to enter the dark chamber at 3, 24, 48 and 72 hours after receiving a shock by
the animals of the Hypothyroid -Vit D100 and Hypothyroid -Vit D500 groups was longer than
the Hypothyroid group (p < 0.001) (Figure 3A). Time latency to enter the dark chamber at 3, 24, 48 and 72
hours after receiving a shock had no significant differences among the control, Hypothyroid -Vit D100
and Hypothyroid -Vit D500 groups. The results also revealed that the total time spent in the dark chamber
at 3, 24, 48 and 72 hours after the shock was considerably longer in the Hypothyroid group than the
control group (p < 0.01 to p < 0.001). Furthermore, the total time spent in the dark chamber at 3, 24, 48
and 72 hours after the shock in the Hypothyroid -Vit D100 and Hypothyroid -Vit D500 groups was
considerably lower than the Hypothyroid group (p < 0.01 to p < 0.001) (Figure 3B).
The total time spent in the light chamber at 3, 24, 48 and 72 hours after the shock was considerably
lower in the Hypothyroid group compared to the control group (p < 0.01, p < 0.001). Furthermore, Vit D
administration increased the total time spent in the light chamber at 3, 24, 48 and 72 hours after the
shock compared to the Hypothyroid group (p < 0.01 to p < 0.001) (Figure 4A). However, comparing the
total time spent in the dark chamber and light chamber between the control, Hypothyroid -Vit D100
and Hypothyroid -Vit D500 showed no remarkable difference. Besides, the total number of entries to the
dark chamber was analyzed among all the groups. Comparing to the control group, the animals of
the Hypothyroid group had a higher number of entries to the dark chamber at 3, 24, 48 and 72 hours after
the shock (p < 0.01 to p < 0.001). The animals of the Vit D groups showed a remarkably lower number of
entries to the dark chamber at 3, 24, 48, and 72 hours after the shock compared to the Hypothyroid group
(p < 0.01 to p < 0.001) (Figure 4B).
Biochemical results
MDA concentration in cortical and hippocampal tissues
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MDA level in hippocampal tissue of the Hypothyroid and Hypothyroid -Vit D100 groups
were significantly higher than the control group (p < 0.001). Vit D administration reduced the MDA level
and in both Hypothyroid -Vit D100 and Hypothyroid -Vit D500 groups and the MDA level in the brain
tissues of these groups was lower than the Hypothyroid group (p < 0.05 to p < 0.001) (Figure 5A).
Base on the biochemical assessment we observed an increased accumulation of MDA in cortical tissues
of the Hypothyroid and Hypothyroid -Vit D100 groups than the control group (p < 0.01 to p < 0.001),
whereas administration of Vit D reduced the MDA level in cortical tissues of the Hypothyroid -Vit D100
and Hypothyroid -Vit D500 groups compared to the Hypothyroid group (p < 0.05, p < 0.001). Also, MDA
level in cortical tissues of the Hypothyroid -Vit D500 group was substantially lower than the Hypothyroid Vit D100 group (p < 0.05) (Figure 5B).
Total thiol in cortical and hippocampal tissues
The total thiol groups in the Hypothyroid group were markedly lower than the control group (p < 0.001).
However, administration of 100 and 500 IU/kg/day of Vit D enhanced the total thiol content in
hippocampal tissues of the Hypothyroid -Vit D100 and Hypothyroid -Vit D500 groups compared to
the Hypothyroid group (P < 0.05 to p < 0.01) (Figure 6A).
The total thiol content in the cortical tissues of the Hypothyroid group was substantially lower than the
control group (p < 0.001). Treatment with 100 and 500 IU/kg/day of Vit D enhanced the total thiol content
compared to the Hypothyroid group (p<0.01). However, the effect of 100 IU/kg/day of Vit D was not
statistically notable (Figure 6B).
SOD activity in cortical and hippocampal tissues
The results also indicated that the PTU exposure reduced the SOD activity in the hippocampus (p <
0.001). Moreover, SOD activity in Hypothyroid group, Hypothyroid -Vit D100 and Hypothyroid -Vit D500
decreased in comparison with the control group (p < 0.01 to p < 0.001). Administration of 100 and
500 IU/kg/day of Vit D increased hippocampal SOD activity (p < 0.05 to p < 0.001). It is noteworthy that
treatment with 500 IU/kg/day of Vit D had a meaningful impact on SOD activity compared to
the Hypothyroid -Vit D100 group (p < 0.001) (Figure 7A).
Activity of SOD was also checked in the cortical tissues. The results demonstrated that the activity of this
antioxidant enzyme in PTU-treated groups was considerably lower than the control group (p < 0.05 to p <
0.001). Moreover, both 100 and 500 IU/kg/day of Vit D elevated the activity of SOD in comparison with
the Hypothyroid group (p < 0.05 to p < 0.01) (Figure 7B).
AChE activity assay in cortical and hippocampal tissues
In this study, the activity of AChE in the hippocampus was determined. As shown in Figure 8A the AChE
activity of the PTU-treated groups was substantially higher than the control (p < 0.01 to p < 0.001), while
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treatment with 100 and 500 IU/kg/day of Vit D decreased the AChE activity of Hypothyroid -Vit D100
and Hypothyroid -Vit D500 groups compared to the Hypothyroid group (p < 0.05 to p < 0.01).
AChE activity was also measured in cortical tissues of all groups. As shown in Figure 8B compared to the
control group, AChE activity were remarkably higher in PTU-treated groups (p < 0.001). Treatment with
500 IU/kg/day of Vit D improved adverse effects of PTU upon AChE activity (p <0.01). Also, AChE activity
in cortical tissues of the Hypothyroid -Vit D500 group was lower than the Hypothyroid -Vit D100 group (p
< 0.05). There was no remarkable difference in AChE activity between the Hypothyroid and Hypothyroid Vit D100 groups.
Serum hormone profile
The results showed that the serum T4 level was significantly lower in the Hypothyroid, Hypothyroid -Vit
D100 and Hypothyroid -Vit D500 groups than the control group (p < 0.001). There was no significant
difference in the T4 serum level between the Hypothyroid, Hypothyroid -Vit D100 and Hypothyroid -Vit
D500 groups (Figure 9).

Discussion
The results of current research showed that Vit D attenuated learning and memory of impairment in
juvenile hypothyroid rats. It also decreased AchE activity and oxidative stress in the brain tissues. The
current study reconfirmed that hypothyroidism during the neonatal and juvenile periods negatively affects
learning and memory capabilities in rats (42). Maturation and function of nervous system especially the
hippocampus are well known to be dependent on THs and exposure to PTU in the developing rat
depletes THs by blocking hormone synthesis and leads to growth retardation, neurological deficits, and
impaired performance on a variety of behavioral learning skills (43). Additionally, it has been
suggested that during development, the insufficiency of THs negatively affects the hippocampal synaptic
function and reduces hippocampal-dependent learning and memory tasks (5, 44). The current findings
revealed that hypothyroidism during juvenile growth in rats result in cognitive perturbation which was
reflected in animal's performance in both MWM and PA tests. In support of the current data, our previous
works showed that hypothyroidism was associated with impaired learning and memory of the rats (11,
36, 45). In the present study, the results of the MWM test declared that the time spent and distance
traveled to find the platform in the hypothyroid rats was higher than the the control group ones which
affirms learning impairment due to hypothyroidism. Furthermore, in the probe test, the hypothyroid rats
didn’t recall the location of the rescue platform and spent fewer times along with less-traveled distance in
the target area (Q1) than the control group which revealed memory impairment. As measured in the PA
test, time latency to enter the dark chamber after the shock considerably decreased in the hypothyroid
group while the total time spent in the dark chamber was higher than the control group, indicating a
detrimental effect of TH deficiency on non- spatial learning processes. Similarly, based on our prior study,
hypothyroidism resulted in impaired MWM performance in neonatal and juvenile rats (46). Although the
exact mechanism(s) underlying the learning and memory deficits due to hypothyroidism are not
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thoroughly understood. Nevertheless, Alzoubi et al. suggested that reduced basal activity of calciumcalmodulin-dependent protein kinase II (CaMKII), accompanied by a change in cyclic adenosine
monophosphate (cAMP) response element-binding protein (CREB) could be contributed in impaired
learning and memory following hypothyroidism (47). Likewise, in this regard, Vara et al. reported that THs
are essential for regulating the secretion of neurotransmitters and the hippocampal synaptic balance. In
addition, decreased levels of THs influence the expression of the proteins such as syntaxin and synapsin
I which may also be involved in hypothyroidism-induced memory deficits (48). Moreover, hypothyroidism
has been found to induce oxidative stress in the hippocampus (17). According to the biochemical
results of the present study, higher MDA level was observed in both hippocampal and cortical tissues of
hypothyroid rats compared to the control ones while SOD activity and total thiol content were
significantly abated. These data are compatible with the previous investigations indicating the correlation
between oxidative stress status in the hippocampus and learning and memory impairments due to
hypothyroidism (17, 49). Growing body of research has shown that low levels of THs are followed by
production of free radicals in the cell in a variety of ways which are associated with changes in
mitochondrial activity and respiratory chain that ultimately recognized as a well-known role in the
oxidative status (9). On the other hand, there is an augmentative relevance between the involvement of
oxidative stress and cognitive disorders (50). Briefly, considering the results of the current study, it seems
that the brain tissues oxidative damage is one of the possible mechanisms implicated in the deleterious
effects of hypothyroidism on learning and memory potency during juvenile periods. The results of the
present study also showed that hypothyroidism induced a significant increment in the AChE activity in the
hippocampus and cortex of hypothyroid rats. It has been previously reported that there is a strong
correlation between the activity of THs and the cholinergic system. Acetylcholine (ACh) is an important
neurotransmitter involved in hippocampal cognitive function (51). Hypothyroidism has been shown to be
associated with hippocampal cholinergic system dysfunction. Although, the effects of hypothyroidism on
hippocampal AChE remain largely obscure. The hippocampus as rich region of cholinergic synapses
may be affected by hypothyroidism and thus hippocampal cholinergic impairment may occur (52, 53).
Therefore, it seems that AChE activity is under direct thyroid hormone control. Nowadays, antioxidants
have been generally demonstrated to have beneficial effects in the prevention of memory impairment by
neutralizing the excess of free radicals to protect against oxidative damage (36, 54). The findings of the
present study implied that treatment with Vit D supplementation enhanced learning and memory tasks.
Recent studies have proposed that Vit D exerts neuroprotective function through antioxidative
mechanisms, neuronal calcium homeostasis, and astrocyte detoxification pathways (55, 56). In addition,
compelling evidence suggests that Vit D metabolites and their receptor in the brain act as a neurosteroid
in specific brain regions, especially in the hippocampus which is related to learning and memory (56).
Increasingly, results of animal studies indicated that elevated serum level of Vit D is associated with
promoting cognitive function (57, 58). Elsewhere, Mokhtari-Zaer et al. stated that oral consumption of Vit
D attenuates lipopolysaccharide-induced cognitive deficit in the hippocampus (59). The
aforementioned data concur with the results of the current study that showed that treatment with Vit D
improved the learning and memory in the hypothyroid rats. The results revealed that, the time latency and
traveled distance to find the platform in the hypothyroid rats treated by both doses of the Vit D were
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considerably lower than the hypothyroid group. Also, in the probing exam, the Vit D- treated groups spent
more time and traveled longer distance in the target area compared to the hypothyroid rats, which
indicated that treatment by both doses of Vit D reinforced memory performance of the PTU- treated rats.
In the PA test, administration of both doses of Vit D to the PTU- treated rats markedly increased the time
latency to enter the dark chamber compared to the PTU group at all times after the shock. Indeed, the
time latency to enter the dark chamber is considered as the main benchmark for learning and memory
and the animals with an improved memory remember the dark chamber in which they were received a
shock (60). Furthermore, after the shock, the total number of entries to the dark chamber and total time
spent in the dark chamber in animals of the Vit D- treated groups was significantly lower than the
hypothyroid group. Thereby, treatment with Vit D supplementation had a positive role in retrieval of
learning and memory dysfunction in hypothyroidism juvenile rats. These data are compatible with
another research suggested that Vit D administration improved the performance of rats in the passive
avoidance task (33).
Based on the biochemical results of the current study, Vit D could reverse learning and memory deficiency
accompanied by reduction of oxidative stress in PTU - treated rats. The results revealed that Vit
D alleviated the hippocampal and cortical content of MDA, as well as enhanced the levels of total thiol
and SOD activity suggesting that the antioxidant properties of Vit D. It also appears that higher dose of
Vit D has a more effect on suppressing the brain tissue oxidative damage. In line with our results, it has
been reported that Vit D supplementation was accompanied with a significant decrease in MDA
levels (61). Therefore, all of these findings conﬁrm our hypothesis that Vit D decreased MDA and
improved the activity of the antioxidant enzymes to attenuate the adverse impact of oxidative damage by
hypothyroidism in the brain. Hence, the results suggest that one of the possible mechanisms involved in
the protective effect of this steroid hormone on hypothyroidism-induced learning and memory
impairment is partially associated with the prevention of oxidative damage.
Concerning the role of the cholinergic system on memory and learning, it was assumed that Vit D
probably by adjusting the activity of cholinergic neurons may improve cognitive abilities (58). It is welldefined that an AChE plays a critical role in the rapid hydrolysis of the neurotransmitter acetylcholine in
the central and peripheral nervous system. Additionally, AChE is capable to accelerate the amyloid-β
peptide aggregation and increasing its neurotoxicity (62). Accordingly, in relation to the results obtained
for the AChE activity, our findings demonstrated that treatment with Vit D considerably reduced AChE
activity in both hippocampal and cortical tissues. Also, Vit D seems to improve cholinergic dysfunction,
including decreased AChE activity in the hippocampus that eventually boost cognitive abilities. The
positive effects of Vit D on learning and memory may be due to the elimination of amyloid-β peptide
aggregation (63).
On the other hand, the results of the present study showed that there was no significant difference in the
T4 serum level between any of the groups, demonstrating that oral consumption of Vit D without
augmenting the THs level, retrieves demolished memory and learning. In contrast with our results,
Mackawy et al. points out that there is a positive significant relevance between serum Vit D level with THs
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(32). Recent investigations afford data that genomic effects are not the only mechanism for Vit D activity
(64).

Conclusions
To sum up, to the best of our knowledge no study is available evaluating the role of Vit D against
hypothyroidism- induced memory dysfunction. The current study revealed the potential protective effect
of Vit D on hippocampal and cortical tissues and its modulating effects on AChE activity and some
oxidative stress markers in hypothyroid rats. Thus, this neurosteroid, can be suggested as a supplemental
therapeutic tool to mediate hypothyroidism-induced memory and cognitive dysfunction and oxidative
damage to brain. Though, due to the animal model of the study, more future research in human is needed
to warrant for further confirming the findings.
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Figure 1
The results of traveling time(A) and distance(B) during 5 days learning of Morris water maze. The data
are presented as mean ± SEM ( n= 10). * p < 0.05, ** p < 0.01, and *** p < 0.001 the difference between
the Hypothyroid and the control group, +++ p < 0.001 the difference between the Hypothyroid- Vit D100
and Hypothyroid group, ### p < 0.001 the difference between the Hypothyroid- Vit D500 and Hypothyroid
group.
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Figure 2
The results of traveling time (A) and distance (B) in target area in the 6th day of Morris water maze. The
data are presented as mean ± SEM ( n= 10). *** p < 0.001 compared to the control group, +++ p < 0.001
compared to the Hypothyroid group.
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Figure 3
The results of latency time to enter the dark (A) and total time spent in the dark (B) in passive avoidance
test. The data are presented as mean ± SEM ( n= 10). ** p < 0.01 and *** p < 0.001 compared to the
control group, ++ p < 0.01 and +++ p < 0.001 compared to the Hypothyroid group.
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Figure 4
The results of the total time spent in the light (A) and the number of entries into the dark (B) in passive
avoidance test. The data are presented as mean ± SEM ( n= 10). ** p < 0.01 and *** p < 0.001 compared
to the control group, ++ p < 0.01 and +++ p < 0.001 compared to the Hypothyroid group.
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Figure 5
The results of MDA levels in the hippocampus (A) and cortex (B). The data are presented as mean ± SEM
( n= 10). ** p < 0.01 and *** p < 0.001 compared to the control group, + p < 0.05 and +++ p < 0.001
compared to the Hypothyroid group, # p < 0.05 compared to the Hypothyroid-Vit D 100 group.
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Figure 6
The results of thiol levels in the hippocampus (A) and cortex (B). The data are presented as mean ± SEM (
n= 10). *** p < 0.001 compared to the control group, + p < 0.05 and ++ p < 0.01 compared to the
Hypothyroid group.
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Figure 7
The results of SOD activity in the hippocampus (A) and cortex (B). The data are presented as mean ±
SEM ( n= 10). * p < 0.05, ** p < 0.01 and *** p < 0.001 compared to the control group, + p < 0.05, ++ p <
0.01 and +++ p < 0.001 compared to the Hypothyroid group, ### p < 0.001 compared to the HypothyroidVit D 100 group.
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Figure 8
The results of AchE activity in the hippocampus (A) and cortex (B). The data are presented as mean ±
SEM ( n= 10). ** p < 0.01 and *** p < 0.001 compared to the control group, + p < 0.05and ++ p < 0.01
compared to the Hypothyroid group, # p < 0.05 compared to the Hypothyroid-Vit D 100 group.
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Figure 9
The results of thyroxin in the serum. The data are presented as mean ± SEM ( n= 10). * p < 0.05and *** p
< 0.001 compared to the control group, ## p < 0.01 compared to the Hypothyroid-Vit D 100 group.
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