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ARTICLE

Thymoquinone reverses learning and memory
impairments and brain tissue oxidative
damage in hypothyroid juvenile rats
Timoquinona protegeu contra deficiências de aprendizagem e memória e danos nos
tecidos cerebrais em ratos hipotireoidais juvenis
Yousef Baghcheghi1, Mahmoud Hosseini2, Farimah Beheshti3, Hossein Salmani4, Akbar Anaeigoudari5

ABSTRACT
In this study, the effect of thymoquinone (TQ) on propylthiouracil (PTU)-induced memory impairment was investigated in juvenile rats. The
rats were grouped into control, Hypo, Hypo-TQ5 and Hypo-TQ10. Propylthiouracil increased latency time in the Morris water maze test and
decreased delay in entering the dark compartment in the passive avoidance test. Both 5 mg/kg and 10 mg/kg doses of TQ decreased latency
time in the Morris water maze test and increased delay in entering the dark compartment in a passive avoidance test. The PTU also increased
malondialdehyde and nitric oxide metabolites in the brain while reduced the thiol content and superoxide dismutase and catalase activities
and serum T4 level. Both doses of TQ decreased malondialdehyde and nitric oxide metabolites in the brain while enhanced the thiol content
and superoxide dismutase and catalase activities and serum T4 level. The results of the present study showed that TQ protected against
PTU-induced memory impairments in rats.
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RESUMO
Neste estudo, foi investigado o efeito da timoquinona (TQ) contra deficiências de memória induzidas por propiltiouracilo (PTU) em ratos
juvenis. Os ratos foram agrupados em grupos: controle, Hypo, Hypo-TQ5, e Hypo-TQ10. O PTU aumentou o tempo de latência no teste do
labirinto aquático de Morris (MWM) e diminuiu o atraso para entrar no compartimento escuro no teste de evasão passiva (PA). Ambas as
doses de TQ diminuíram o tempo de latência no teste de MWM e aumentaram o atraso para entrar no compartimento escuro no teste de
PA. O PTU também aumentou os metabolitos de malondialdeído (MDA) e óxido nítrico (NO) no cérebro, enquanto reduziu o teor de tiol e as
atividades de superóxido dismutasa (SOD) e catalasa (CAT) e o nível sérico de T4. Ambas as doses de TQ diminuíram os metabolitos de MDA
e de NO no cérebro, aumentaram o conteúdo de tiol e as atividades de SOD e CAT e o nível de T4 no soro. Os resultados do presente estudo
mostraram que a TQ protegeu contra deficiências de memória induzidas por PTU em ratos.

Palavras-chave: hipotireoidismo; propiltiouracila; memória

Thyroid hormones have been demonstrated to have
important effects on the cellular basal metabolic rate and
are considered a major regulator of energy metabolism, mitochondrial activity and oxygen consumption1. It has been
shown that reduction of thyroid hormones resulted in cognitive impairments, disrupted attention and depressed moods
in adulthood2. In an experimental model using neonatal rats,
hypothyroidism was reported to induce behavioral deficits

and structural dysfunction3. In addition, scientific evidence
has indicated that prenatal hypothyroidism disrupts learning
and memory by decreasing dendritic spin density and attenuating synaptic function4. Researchers have indicated that
hypothyroidism is associated with a reduced number of neurons in the hippocampus of rats5.
Brain oxidative damage has been found to be one of
the main contributing factors in learning and memory
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impairment6. Changes in thyroid hormone levels can induce
an oxidative stress condition in organs including the liver,
heart, skeletal muscles and brain7,8. It has been documented
that hypothyroidism can lead to a reduced level of glutathione and mitochondrial cytochrome c oxidase activity
and overproduction of hydroxyl radicals9. Hypothyroidisminduced oxidative damage in the hippocampus and amygdala has also been shown to have deleterious effects on learning and memory processes10.
Thymoquinone (TQ), the main constituent of the volatile
oil of Nigella sativa seeds, is well known to have antioxidant
properties11. It has been suggested that TQ can prevent lipid
peroxidation during cerebral ischemia-reperfusion injury in
rat hippocampus12. Thymoquinone has been documented
to suppress inducible nitric oxide (NO) synthase expression
in lipopolysaccharide-stimulated peritoneal macrophages
of rats13. As well, TQ has been reported to produce antianxiety-like effects in mice by modulating the level of NO14.
Considering these findings, the objective of this study was to
evaluate the protective effect of TQ on learning and memory
impairment and brain tissue oxidative damage in hypothyroid juvenile rats.

METHODS
Animals and drugs
Thirty-two male Wistar rats (21 days old, weighing
55–65 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. Work
on the animals was carried out in accordance with procedures approved by the Committee on Animal Research
of Mashhad University of Medical Sciences. The rats were
divided into four groups: 1) Control; the animals received
normal drinking water, 2) Hypo; the animals received drinking water supplemented with 0.05% propylthiouracil (PTU)
for six weeks; 3) Hypo-TQ5 and 4) Hypo-TQ10; the animals
of groups 3 and 4 received drinking water supplemented
with 0.05% PTU and 5 mg/kg and 10 mg/kg of TQ respectively. After the behavioral tests, the animals were deeply
anesthetized (urethane 1.4 g/kg) and blood samples were
taken to confirm hypothyroidism using the radioimmunoassay method (Dai source, T4- RIA - CT). The brains were
also removed and the hippocampus and cortical tissues
separated to determine biochemical parameters.
Morris water maze test
The Morris water maze apparatus comprised a circular
black pool (136 cm diameter, 60 cm high and 30 cm deep)
divided into four quadrants; north, east, south and west. The
pool was filled with water (24–26°C) and an escape platform
(10 cm diameter and 28 cm high) was submerged 2 cm below

the surface of the water in the center of the southwest quadrant. Outside the maze, visual cues were fixed around of the
room, to help the animals navigate. The rats performed four
trials daily, for five days. In each trial, the rat was released from
one of four positions randomly. The animal was allowed to
swim until it found and remained on the platform for 15 seconds. The time latency to reach the platform, the length of
the swimming path and swimming speed were recorded by a
video tracking system. On the probe day (sixth day), the platform was removed and the animals were allowed to swim for
60 seconds. The time spent and distance traveled in the target
quadrant were recorded to compare between the groups15.
Passive avoidance test
The passive avoidance test is based on negative reinforcement, used to study memory. The apparatus is made of two
compartments (a light and a dark compartment with a grid
floor), which are separated by a small gate. The rats were
familiarized with the apparatus for two consecutive days
for five minutes each day before the training session. In the
training session, the animals were placed in the light compartment. When the animals entered into the dark compartment, the small gate was closed and they received an electric
shock (2mA, two-second duration). In the retention phase, 3,
24 and 48 hours later, the animals were placed in the light
compartment and the time latency for entering the dark
compartment and the time spent in the light and dark compartments were recorded16.
Biochemical assessment
Measurement of malondialdehyde (MDA), total thiol
and NO metabolites
Malondialdehyde levels and the total thiol content of hippocampal and cortical tissues were measured using a protocol that we have explained previously17. Malondialdehyde,
an index of lipid peroxidation, reacts with thiobarbituric acid and produces a red colored complex with a peak
absorbance of 535 nm. Determination of the total thiol content was carried out using 2,2’-Dinitro-5,5’-dithiodibenzoic
acid. This substance reacts with the sulfhydryl groups and
produces a yellow colored complex with a peak absorbance
of 412 nm. Nitric oxide metabolites (NO2/NO3) were determined using the Griess reagent method. In this method,
100 µl supernatant was added to the Griess reagent. Then
the contents were transferred to a 96-well flat-bottomed
micro-plate and absorbance was read at 520 nm using a
micro-plate reader. The values were calculated from a standard calibration plot.
The enzymatic assays
Superoxide dismutase (SOD) activity was measured
according the Madesh and Balasubramanian method.
In this colorimetric assay, the SOD activity was determined
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at 570 nm. One unit of SOD was defined as the amount of
enzyme that inhibits the rate of MTT reduction by 50%.
The results were shown as units per gram tissue protein.
Catalase activity was measured using a kit purchased from
the Cayman Chemical Company.
Statistical analysis
All data are showed as mean ± SEM. The data of time,
distance and speed during the five days of the Morris water
maze were analyzed using repeated measures analysis of
variance (ANOVA) followed by Tukey’s post hoc comparison
test. The data from the probe trial in the Morris water maze,
data from the passive avoidance test and biochemical data
were compared by one-way ANOVA followed by Tukey’s post
hoc comparison test. Differences were considered statistically significant when P < 0.05.

RESULTS

The results of the Morris Water Maze
In this study, the results showed that the escape latency
and path traveled in the Hypo group were significantly
greater than in the control group (p < 0.01 and p < 0.001).
The animals in Hypo-TQ5 and Hypo-TQ10 groups had a significantly lower time latency and distance traveled to reach
the platform in comparison with those of the Hypo group
(p < 0.05 and p < 0.01). There were no significant differences
in the time spent and the length of the swim path between
the control, Hypo-TQ5 and Hypo-TQ10 groups (Figure 1A
and 1B). In the probe trial, the animals of the Hypo group
spent less time and traveled less distance in the target
quadrant (Q1) than the control group (p < 0.001). The animals in the Hypo-TQ5 and Hypo-TQ10 groups spent more
time and traveled a longer distance in Q1 than the Hypo
group (p < 0.01 and p < 0.001). There was no significant difference in the time spent and the distance traveled in the
Q1 between the control, Hypo-TQ5 and Hypo-TQ10 groups
(Figure 2A and 2B). The results also revealed that there was
no significant difference in the traveling speed between the
groups (Figure 1C).
The results of the passive avoidance test
The results of the passive avoidance test showed that
the time latency to enter the dark compartment at 3, 24
and 48 hours after receiving a shock significantly decreased
in the Hypo group in comparison to the control group
(p < 0.05 and p < 0.01). The time latency to enter the dark
compartment at 3, 24 and 48 hours after receiving a shock
by the animals of the Hypo-TQ5 and Hypo-TQ10 was longer than the Hypo group (p < 0.05) (Figure 3A). In addition,
there was no significant difference in the time latency to
enter the dark compartment at 3, 24 and 48 hours after
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receiving a shock between the control, Hypo-TQ5 and
Hypo-TQ10 groups.
The total time spent in the dark compartment at 3, 24
and 48 hours after receiving a shock by the animals of the
Hypo group was significantly longer than the control group
(p < 0.001). The total time spent in the dark compartment at
3, 24 and 48 hours after receiving a shock in the Hypo-TQ5
and Hypo-TQ10 groups was significantly lower than the
Hypo group (p < 0.01 and p < 0.001), however, when the total
time spent in the dark component was compared between
the control, Hypo-TQ5 and Hypo-TQ10, there was no significant difference between them (Figure 3B).
Biochemical results in hippocampal tissues
The MDA concentration in hippocampal tissues of the
Hypo group was higher than the control group (p < 0.001).
Administration of 10 mg/kg TQ decreased the MDA concentration in the hippocampal tissues of the Hypo-TQ10
group compared with the Hypo group (p < 0.001)
(Figure 4A). There was no significant difference in the MDA
concentration in hippocampal tissues between the Hypo
and Hypo-TQ5 groups.
The total thiol content in the hippocampal tissues of the
Hypo group was lower than the control group (p < 0.001).
Administration of 10 mg/kg TQ enhanced the total thiol content in hippocampal tissues of the Hypo-TQ10 group compared to the Hypo group (p < 0.001) (Figure 4B). There was no
significant difference in total thiol content between the Hypo
and Hypo-TQ5 groups.
Nitric oxide metabolite concentration, NO2 or NO3, in the
hippocampal tissues in the Hypo group was higher than the
control group (p < 0.001). Administration of both doses of
5 mg/kg and 10 mg/kg TQ decreased the concentration of
these metabolites in hippocampal tissue in the Hypo-TQ5
and Hypo-TQ10 groups in comparison with the Hypo group
(p < 0.001) (Figure 4C).
According to the results of the current study, the SOD
and CAT activities in the hippocampal tissues of the Hypo
group were lower compared with the control group (p < 0.01
and p < 0.001). The SOD and CAT activity in the Hypo-TQ5
and Hypo-TQ10 groups was higher than the Hypo group
(p < 0.001) (Figure 5A). In addition, we found no significant
difference in the activities of SOD and CAT between the control, Hypo-TQ5 and Hypo-TQ10.
Biochemical results in cortical tissues
The MDA concentration in the cortical tissues of the
Hypo group was higher than the control group (p < 0.001).
In addition, injections of 5 mg/kg and 10 mg/kg TQ reduced
the MDA level in cortical tissue in the Hypo-TQ5 and
Hypo-TQ10 groups compared with the Hypo group (p < 0.05
and p < 0.01) (Figure 6A).
The total thiol content in the cortical tissues of the
Hypo group was lower than the control group (p < 0.01).
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Figure 1. Comparison of the time latency (A) and traveled distance (B) to reach the platform and the swimming speed (C) between
four groups in the Morris water maze test. Data are presented as mean ± SEM (n = 8 in each group). The time latency and the
traveled distance of the Hypo group were significantly greater than those of the control group. The animals of the Hypo-TQ5 and
Hypo-TQ10 groups took less time and distance to reach the platform than the Hypo group. There was no significant difference in
the swimming speed between groups. **p < 0.01; ***p < 0.001 compared with the control group. +p < 0.05; ++p < 0.01 compared
with the Hypo group.

Administration of 10 mg/kg TQ enhanced the total thiol content in the cortical tissues of the Hypo-TQ10 group compared
with the Hypo group (p < 0.001) (Figure 6B). There was no
significant difference in total thiol content between the Hypo
and Hypo-TQ5 groups.

Nitric oxide metabolite concentration, NO2 or NO3, in the cortical tissues in the Hypo group was higher than the control group
(p < 0.001). Administration of TQ did not change the concentration
of these metabolites in the cortical tissues in the Hypo-TQ5 and
Hypo-TQ10 groups compared with the Hypo group (Figure 6C).
Baghcheghi Y et al. Thymoquinone improved memory of hypothyroid rats
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Figure 2. The results of the time spent (A) and distance traveled (B) in target quadrant (Q1) on probe day, 24 hours after the last
learning session. The platform was removed and the time spent and distance traveled in the target quadrant was compared
between groups. Data are shown as mean ± SEM (n = 8 in each group). ***p < 0.001 compared with the control group; ++p < 0.01;
+++
p < 0.001 compared with the Hypo group.
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Figure 3. Comparison of the time latency to enter the dark compartment (A) and the total time spent in the dark compartment (B)
at 3, 24 and 48 hours after receiving a shock, in the experimental groups. Data are shown as mean ± SEM (n = 8 in each group). *p
< 0.05; ** p < 0.01; *** p < 0.001 compared with the control group. +p < 0.05; ++p < 0.01; +++p < 0.001 compared with the Hypo group.

According to the results of current study, SOD and CAT
activities in the cortical tissues of the Hypo group were
lower in comparison with the control group (p < 0.01 and
p < 0.001). The activity of SOD in the Hypo-TQ10 group
was higher than the Hypo group (p < 0.001). Both doses
including 5 mg/kg and 10 mg/kg TQ increased CAT activity in the cortical tissues of the Hypo-TQ5 and Hypo-TQ10
groups compared with the Hypo group (p < 0.001)
(Figure 7A and 7B).
In addition, the serum T4 level in the Hypo group was
lower than in the control group (p < 0.001). The serum level of
T4 in the Hypo-TQ5 and Hypo-TQ10 groups was higher than
the Hypo group (p < 0.001). There was no significant difference
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in the serum T4 level between the control, Hypo-TQ5 and
Hypo-TQ10 groups (Figure 8).

DISCUSSION
Based on the results of the present study, hypothyroidism induced by PTU in juvenile rats resulted in learning and
memory impairments. Previous studies have also shown that
hypothyroidism disrupts learning and memory processes in
neonatal and juvenile rats18. It has been documented that
hypothyroidism attenuates hippocampal-related learning
and memory, and long-term potentiation19. Reduced levels
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control group; +++p < 0.001 compared with the Hypo group.
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the four groups. Data are shown as mean ± SEM (n= 8 in each group). **p < 0.01; ***p < 0.001 compared with the control group;
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p < 0.001 compared with the Hypo group.

of thyroid hormones have also been reported to influence
learning and memory through switching off myelinogenesis
in the nervous system20. In addition, researchers have shown
that thyroxine improved performances of rats in a radial arm
maze task and ameliorated long-term potentiation impairments in the CA1 area of the hippocampus when it was
administered to thyroidectomized rats21. These scientific
findings support the results of our study that PTU-induced
hypothyroidism disrupted learning and memory in both the
Morris water maze and passive avoidance tasks in rats.
It has been well documented that the balance between oxidants and antioxidants is essential for maintaining vital cellular and biochemical functions22. Changing the balance toward

an enhancement of oxidants or reduction of antioxidants may
result in cell damage, which can be defined as oxidative stress6.
It has been demonstrated that excessive production of free radicals and brain oxidative damage result in learning and memory deficits, and compounds with antioxidant properties can
improve these processes17. Previously, we demonstrated the
role of brain tissue oxidative damage in learning and memory
deficits in rats15. Oxidative stress followed by PTU administration has also been suggested to have negative effects on learning and memory7. Based on the results of previous studies,
PTU-induced memory deficits in neonatal and juvenile rats
were also accompanied with an overproduction of NO metabolites in the hippocampus23. In the current study, PTU-related
Baghcheghi Y et al. Thymoquinone improved memory of hypothyroid rats
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0.001 compared with the control group. + P< 0.05 and +++ P<
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learning and memory impairments were also associated with
oxidative stress in the brain tissue of rats. Enhanced levels of
MDA and NO metabolites and reduced content of total thiol
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groups and activity of SOD and CAT in both hippocampal and
cortical tissues in the Hypo group, relative to the control group,
support this claim. Considering these findings, it seems that
hypothyroidism-induced oxidative stress followed by PTU
administration resulted in learning and memory impairments
in juvenile rats in the present study.
The beneficial effects of Nigella sativa, and compounds
derived from it, on learning and memory in animal and
human studies24 have been documented. In a study using an
eight-arm radial arm maze, Nigella sativa oil was reported to
improve learning and memory in rats25. It has also been found
that Nigella sativa may improve spatial learning and memory
impairments induced by global cerebrovascular hypoperfusion in rats26. Additionally, Nigella sativa has been shown to
have protective effects against learning and memory impairment caused by diabetes27. In the present study, pretreatment with TQ, an important component of Nigella sativa, also
restored learning and memory deficits caused by PTU in rats
in both the Morris water maze and passive avoidance tests.
The underlying mechanisms of the beneficial effects of TQ
on learning and memory have not been understood precisely.
Thymoquinone has been reported to possess antihypertensive, anti-inflammatory and antioxidant properties28. The antioxidant effects of TQ have been shown in vivo and in vitro29.
In recent studies, TQ has been suggested as a potent mitochondria-targeted antioxidant against neurodegenerative diseases. For example, it has been reported that TQ improves the
rotenone-induced Parkinson’s disease symptoms via its antioxidant effect30. In addition, scientific findings show that TQ
exerts a protective effect against pilocarpine-induced brain
injury and it ameliorates brain damage through an antioxidant
pathway in a status epilepticus rat model31. It has also been
shown that TQ reduces lipid peroxidation in the hippocampal
tissue of rats in a global cerebral ischemia-reperfusion injury
model12. In the present study, administration of TQ decreased
the oxidative stress status, which was shown by decreased levels of MDA and NO metabolites and increased content of total
thiol, and the enhanced activity of SOD and CAT in the brain
tissue of hypothyroid rats. Considering these findings, the antioxidant effects of TQ may have contributed to improve the detrimental effects of PTU on learning and memory in our study.
The administration of PTU during juvenile and growth
periods has been reported to have a noticeable effect on thyroid gland growth and reduction of serum T4 concentration
in rats29,32. In line with these findings, in the current study, the
administration of PTU significantly decreased the serum T4
level in the Hypo group compared to the control group. In addition, it has been proposed that antioxidant compounds can
apply protective effects on the thyroid gland. For example, vitamin C, as a potent antioxidant, has been shown to protect the
thyroid gland against toxic compounds such as PTU29. It has
also been reported that antioxidant agents, including vitamin
C, can improve the abnormalities in serum T4, T3 and thyroid
stimulating hormone concentration in hypothyroid patients33.
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In the present study, administration of TQ restored the PTUinduced abnormality in the thyroid gland, which was associated with the improvement in learning and memory in both
the Morris water maze and passive avoidance tests in rats. In
support of this data, the administration of TQ enhanced the
serum level of T4 hormone in the Hypo-TQ5 and Hypo-TQ10
groups relative to the Hypo group. The antioxidant effects of TQ
mentioned above, and the balancing effect of this compound
via improvement of the oxidative status on thyroid hormones,
may be one of the possible mechanisms that indirectly contribute to the improvement of learning and memory impairment caused by PTU in the present study. However, the exact
mechanism needs to be investigated further in the future.
In summary, the results of the current study showed
that treatment with TQ can reverse the negative effects of
PTU-induced hypothyroidism on the learning and memory
of juvenile rats. The antioxidant properties of TQ against
brain oxidative damage may be involved in the improvement
of learning and memory impairment caused by PTU.
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