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The positive roles of antioxidants on brain development and learning and memory have been suggested.
Nigella sativa (NS) has been suggested to have antioxidant and neuroprotective effects. This study was
done to investigate the effects of feeding by the hydro-alcoholic extract of NS during neonatal and ju-
venile growth on learning and memory of rats. The pregnant rats were kept in separate cages. After
delivery, they were randomly divided into four Groups including: (1) control; (2) NS 100 mg/kg (NS 100);
(3) NS 200 mg/kg (NS 200); and (4) NS 400 mg/kg (NS 400). Rats in the control group (Group 1) received
normal drinking water, whereas Groups 2, 3, and 4 received the same drinking water supplemented with
the hydro-alcoholic extract of NS (100 mg/kg, 200 mg/kg, and 400 mg/kg, respectively) from the 1st day
after birth through the first 8 weeks of life. After 8 weeks, 10 male offspring from each group were
randomly selected and tested in the Morris water maze (MWM) and passive avoidance (PA) test. Finally,
the brains were removed and total thiol groups and malondialdehyde (MDA) concentrations were
determined. In the MWM, treatment by 400 mg/kg extract reduced both the time latency and the dis-
tance traveled to reach the platform compared to the control group (p < 0.05ep < 0.01). Both 200 mg/kg
and 400 mg/kg of the extract increased the time spent in the target quadrant (p < 0.05ep < 0.01). In the
PA test, the treatment of the animals by 200 mg/kg and 400 mg/kg of NS extract significantly increased
the time latency for entering the dark compartment (p < 0.05ep < 0.001). Pretreatment of the animals
with 400 mg/kg of NS extract decreased the MDA concentration in hippocampal tissues whereas it
increased the thiol content compared to the control group (p < 0.001). These results allow us to propose
that feeding of the rats by the hydro-alcoholic extract of NS during neonatal and juvenile growth has
positive effects on learning and memory. The effects might be due to the antioxidant effects.
Copyright © 2014, Center for Food and Biomolecules, National Taiwan University. Production and hosting

by Elsevier Taiwan LLC. All rights reserved.
1. Introduction

The development of the brain is a highly complex and precisely
timed process, which starts at gestation and continues throughout
the juvenile stages to adolescence.1 The human brain grows fastest
during the second and third trimesters of pregnancy and the first 2
years of postnatal life, reaching 83% of adult values by the end of the
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2nd year.1 During these critical periods of growth and develop-
ment, the number and/or size of the cells is influenced by the state
of nutrition.2 It is suggested that changes in nutritional conditions
affect neuronal structure, function, or connectivity and eventually
may lead to long-lasting, even permanent, effects, which may
contribute to brain disorders later in life.3 Neurodevelopmental
alterations in the frontal/prefrontal cortex, striatum, and hippo-
campus, which are heavily involved in cognition, memory, emotion,
and learning, are likely involved in the etiology of neuropsychiatric
disorders like autism, substance use disorders, schizophrenia, Par-
kinson's disease, and Alzheimer's disease.4 Various dietary factors
such as n-3 fatty acids, antioxidants, vitamins, minerals, curcumins,
and flavonoids among others have been identified to have
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beneficial effects on brain functions including cognition.5 During
the developmental period, the intake of n-3 and n-6 long-chain
polyunsaturated fatty acids (LCPUFAs), particularly docosahex-
anoic acid (DHA), eicosapentaenoic acid (EPA), and arachidonic acid
(AA), has been shown to be beneficial for the development of
sensory, cognitive, and neuromotor systems in humans and
animals.6

Antioxidants are well known for their beneficial effects on
neurological actions.7 Basic animal studies conclude that antioxi-
dants, in adequate amounts, improve cognitive performance.
Blueberry extract, for example, not only improves memory tasks,
but it also inhibits acetylcholinesterase (AChE), a synaptic enzyme
that is inhibited in therapies for Alzheimer's disease, such as
tacrine, donepezil, and rivastigmine.8 A study using a rodent model
of Alzheimer's disease suggested that tau phosphorylation occurs
as a compensatory response to oxidative stress.9 Epidemiological
studies have suggested a link between antioxidant consumption
and cognitive protection. Also, several clinical trials have confirmed
the memory improving effects of antioxidants in patients with
normal aging or Alzheimer's disease.10

Antioxidant compounds have also been shown to have an
important role in brain development. An optimal supply of anti-
oxidants such as vitamin E is thought to be beneficial to cognitive
development in infants.11 Indeed, optimal supplementation of a
specific nutrient during early life could influence or program long-
term cognitive development, as well as development of major
diseases well into adulthood.12 In recent decades, there has been a
significant shift in thinking about nutrition from a preoccupation
with meeting nutrient needs to a concern about its effect on health,
including adult degenerative diseases, cancer, and cognitive func-
tion.13 It has been hypothesized that antioxidants could be pro-
phylactic against central nervous system (CNS) diseases. Brain
protein, lipid, and nucleic acid oxidation products increase at an
accelerating pace with age.14

In traditional medicine, Nigella sativa (NS) was identified to
have healing power. It has been used in the Middle East and Far
East for treating diseases such as asthma, headache, dysentery,
infections, obesity, back pain, hypertension, and gastrointestinal
problems. There is a common Islamic opinion that NS is useful for
all diseases except death.15e21 The main active ingredients iso-
lated from NS seeds are thymoquinone (TQ), alkaloids (nigelli-
dine, nigellimine, and nigellicine), vitamins such as thiamine,
riboflavin, pyridoxine, niacin, and folic acid, minerals, and pro-
teins.22 NS oil has been shown to drastically improve neuronal
cell viability compared to untreated cerebellar neuron cell culture
and to protect against beta-amyloid protein intoxication.23An
in vitro study revealed that the methanolic extract of NS modu-
lates the neuronal release of amino acid neurotransmitters
including g-aminobutyric acid (GABA), glycine, aspartate, and
glutamate on cultured cortical neurons.24 NS oil also has anti-
oxidant effects during cerebral ischemiaereperfusion injury in
the rat hippocampus.25 Some studies showed that NS protects
against hippocampal neurodegeneration.26 Recent studies
revealed the positive modulating impact of NS on memory,
attention, and cognition.27

The present study aimed to elucidate the effects of feeding NS
during neonatal and juvenile growth on learning and memory of
rats.

2. Materials and methods

2.1. Animals and treatments

Fourteen pregnant female Wistarrats (12 weeks old and
weighing 220e250 g) were purchased from animal center of
Mashhad University of Medical Sciences, Mashhad, Iran and kept in
separate cages at 22 ± 2�C in a roomwith a 12-hour light/dark cycle
(lights on at 7:00 AM). They were randomly divided into four Groups
including: (1) control; (2) NS 100mg/kg (NS 100); (3) NS 200mg/kg
(NS 200); and (4) NS400 mg/kg (NS 400). The animals were treated
according to the experimental protocol from the 1st day after de-
livery through the first 2 months of life.

Rats in the control group (Group 1) received normal drinking
water whereas Groups 2, 3, and 4 received the same drinking water
supplemented with the hydro-alcoholic extract of NS 100 mg/kg,
200 mg/kg, and 400 mg/kg, respectively.28 After 60 days, 10 male
offspring from each group were randomly selected and examined
in the Morris water maze (MWM) and passive avoidance (PA) tests.
Animal handling and all related procedures were carried out in
accordance with the rules set by Mashhad University of Medical
Sciences Ethical Committee. PTUwas purchased from Sigma (Sigma
Aldrich Chemical Co.St. Louis, MO). Other chemicals which were
used for biochemical assessments were purchased from Merck
Company (Darmstadt, Germany).

2.2. MWM apparatus and procedures

A circular black pool (136 cm diameter, 60 cm high, and 30 cm
deep) was filled with water (24e26�C). A circular platform (10 cm
diameter, 28 cm high) was placed within the pool and was sub-
merged approximately 2 cm below the surface of the water in the
center of the southwest quadrant. Outside the maze, fixed visual
cues (i.e., a computer, hardware, and posters) were present at
various locations around the room. Before the experiment, each
rat was handled daily for 3 days and habituated to the water maze
for 30 seconds without a platform. The animals performed four
trials on each of the 5 days, and each trial began with the rat being
placed in the pool and released facing the side wall at one of four
positions (the boundaries of the four quadrants, labeled north (N),
east (E), south (S), and west (W). The release positions were
randomly predetermined. For each trial, the rats were allowed to
swim until they found and remained on the platform for 15 sec-
onds. If 60 seconds had passed and the animals had not found the
platform, they were guided to the platform by the experimenter
and allowed to stay on the platform for 15 seconds. The rats were
then removed from the pool, dried, and placed in a holding bin for
5 minutes. The time latency to reach the platform and the length
of the swimming path were recorded using a video tracking sys-
tem. On the 6th day, the platform was removed, and the animals
were allowed to swim for 60 seconds. The time spent in the target
quadrant was recorded for comparisons between groups.29,30 All
measurements were performed during the second half of the light
cycle.

2.3. PA apparatus and procedures

A PA learning test based on negative reinforcement was used to
examine memory. The apparatus consisted of a light and a dark
compartmentwith a grid floor adjoining them through a small gate.
The animals were accustomed to the behavioral apparatus during 2
consecutive days (5 minutes on each day) before the training ses-
sion. On the 3rd day, the animals were placed in the light
compartment, and the time latency for entering the dark
compartment was recorded. In the training phase, the rats were
placed in the light compartment facing away from the dark
compartment. When the animals were entered completely into the
dark compartment, they received an electric shock (2 mA, 2 sec-
onds duration). The mice were then returned to their home cages.
One, 24 hours, and 72 hours later (the retention phase or test
phase), the animals were placed in the light compartment, and the
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time latency for entering the dark compartment as well as the time
spent by the animals in the dark and light compartments were
recorded and defined as the retention trial.31

2.4. Biochemical assessment

Finally, the animals were sacrificed and the cortical and hippo-
campal tissues were removed, weighed, and submitted to deter-
mination of total thiol (SH) contents and malondialdehyde (MDA)
concentrations. Total SH groups were measured using DTNB (2,20-
dinitro-5,50-dithiodibenzoic acid) as the reagent. This reagent re-
acts with the SH groups to produce a yellow-colored complex that
has a peak absorbance at 412 nm.32 Briefly, 1 mL TriseEDTA buffer
(pH ¼ 8.6) was added to 50 mL of brain homogenate in 1-mL cu-
vettes and the sample absorbance was read at 412 nm against
TriseEDTA buffer alone (A1). Then, 20 mL of DTNB reagent (10 mM
in methanol) were added to the mixture and after 15 minutes
(stored at laboratory temperature) the sample absorbancewas read
again (A2). The absorbance of the DTNB reagent was also read as a
blank (B). The total thiol concentration (mM) was calculated from
the following equation31,33e35: Total thiol concentration
(mM) ¼ (A2 � A1 � B) � 1.07/0.05 � 13.6.

MDA levels, as an index of lipid peroxidation, were measured.
MDA reacts with thiobarbituric acid (TBA) as a thiobarbituric acid
reactive substance (TBARS) to produce a red-colored complex that
has a peak absorbance at 535 nm. Two milliliters of a TBA/tri-
chloroacetic acid (TCA)/hydrochloric acid (HCL) reagent was added
to 1 mL of homogenate and the solution was heated in a water
bath for 40 minutes. After cooling, the whole solution was
centrifuged at 1000 � g for 10 minutes. The absorbance was
measured at 535 nm.31,34,35 The MDA concentration was calculated
as follows:
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Fig. 1. Comparison of time latency between the groups. Data are presented as
mean ± SEM. (A) Comparison of time latency each day between the groups; (B)
comparison of group total time latencies over 5 days (n ¼ 10 in each group). Rats in the
control group received tap drinking water; NS 100, NS 200, and NS 400 groups
received 100 mg/kg, 200 mg/kg, and 400 mg/kg of the NS extract, respectively, in
drinking water. *p < 0.05 in comparison with the control group. NS ¼ Nigella sativa;
SEM ¼ standard error of the mean.
C(m) ¼ absorbance/(1.56 � 105)

2.5. Statistical analysis

All data were expressed as mean ± standard error of the mean
(SEM). The data for time and distance during 5 days of the MWM
were compared using repeated measures analysis of variance
(ANOVA) followed by a post-hoc comparisons test. The data from
the PA test as well as MDA and total thiol concentrations were
compared using one-way ANOVA followed by a post-hoc compari-
sons test. Differences were considered statistically significant when
p < 0.05.

3. Results

3.1. MWM test

Treatment with 400 mg/kg of the NS extract reduced the time
latency to reach the platform compared to the control group
(Fig. 1A and B; p < 0.01). In the group treated with 400mg/kg of the
extract, the distance traveled to reach the platformwas lower than
that of the control (Fig. 2A and B; p < 0.05). The administration of
both 200mg/kg and 400mg/kg of the NS extract increased the time
spent in the target quadrant (Fig. 3; p < 0.05 and p < 0.01).

3.2. PA test

The treatment of the animals with 400 mg/kg of the NS extract
significantly increased the time latency for entering the dark
compartment at 1 hour after receiving a shock (Fig. 4A; p < 0.01).
Treatment of the animals with 200 mg/kg and 400 mg/kg of the
extract also increased the time latency at 24 hours after receiving a
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Fig. 2. Comparison of the traveled distance between the groups. Data are presented as
mean ± SEM. (A) Comparison of the distance traveled each day between the groups;
(B) comparison of the group total traveled distance over 5 days (n ¼ 10 in each group).
Rats in the control group received tap drinking water; NS 100, NS 200, and NS 400
groups received 100 mg/kg, 200 mg/kg, and 400 mg/kg of NS extract, respectively, in
drinking water. **p < 0.01 in comparison with the control group. NS ¼ Nigella sativa;
SEM ¼ standard error of the mean.
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quadrants (Q2eQ4) during the probe trial on Day 6. Data are presented as mean ± SEM
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extract, respectively, in drinking water. The platform was removed, and the time spent
in the target quadrant (Q1) and nontarget quadrants (Q2eQ4) was compared between
the groups. *p < 0.05, **p < 0.01, ***p < 0.001 in comparison with the control group.
NS ¼ Nigella sativa; SEM ¼ standard error of the mean.
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shock (Fig. 4A; p < 0.05 and p < 0.01). The results also showed that
both 200 mg/kg and 400 mg/kg of the extract increased the time
latency at 72 hours after receiving the shock (Fig. 4A; p < 0.01 and
p < 0.001). Fig. 4B shows the number of entries to the dark
compartment after the shock. Treatment with 400 mg/kg of the
extract reduced the number of entries to the dark compartment at 1
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Fig. 4. Comparison of (A) time latency for entering the dark compartment and (B) the
number of entries to the dark compartment at 1 hour, 24 hours, and 72 hours after
receiving the shock in the experimental groups. Data are presented as mean ± SEM
(n ¼ 10 in each group). Rats in the control group received tap drinking water; NS 100,
NS 200, and NS 400 groups received 100 mg/kg, 200 mg/kg, and 400 mg/kg of NS
extract, respectively, in drinking water. *p < 0.05, **p < 0.01 and ***p < 0.001 in
comparison with the control group. NS ¼ Nigella sativa; SEM ¼ standard error of the
mean.
hour, 24 hours, and 72 hours after the shock (p < 0.01ep < 0.001).
Treatment of the animals with 200 mg/kg of the extract also
decreased the number of entries to the dark compartment at 72
hours after receiving a shock (Fig. 4B; p < 0.05). The results also
showed that treatment with 200 mg/kg and 400 mg/kg of the NS
extract reduced the time spent in the dark compartment at 1 hour,
24 hours, and 72 hours after the shock (Fig. 5A; p < 0.05ep < 0.01).
There was no significant difference between the animals treated
with 100mg/kg of the extract and the control group (Fig. 5A). There
was no significant difference between the animals of the NS 100
and control groups when the time spent in the light compartment
was compared. The time spent in light at both 24 hours and 72
hours after the shock (Fig. 5B; p < 0.05ep < 0.01) increased on
treatment with 200 mg/kg of the extract. Treatment with 400 mg/
kg of the extract increased the time spent in light at 1 hour, 24
hours, and 72 hours (Fig. 5B; p < 0.05ep < 0.001).

3.3. Biochemical assessment results

Pretreatment of the animals with 400 mg/kg of the NS extract
decreased the MDA concentration in hippocampal tissues
compared to the control group (Fig. 6A; p < 0.001). In the NS 400
group, the hippocampal total thiol concentration was significantly
higher than that of the control group (Fig. 6B; p < 0.001). Treatment
of the animals with both 200 mg/kg and 400 mg/kg of the extract
reduced the MDA concentrations in cortical tissues (Fig. 7A;
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Fig. 5. Comparison of the total time spent in (A) the dark and (B) the light compart-
ments at 1 hour, 24 hours, and 72 hours after receiving the shock in the experimental
groups. Data are presented as mean ± SEM (n ¼ 10 in each group). Rats in the control
group received tap drinking water; NS 100, NS 200, and NS 400 groups received
100 mg/kg, 200 mg/kg, and 400 mg/kg of NS extract, respectively, in drinking water.
*p < 0.05, **p < 0.01 and ***p < 0.001 in comparison with control group. NS ¼ Nigella
sativa; SEM ¼ standard error of the mean.
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Fig. 7. (A) MDA concentrations and (B) total thiol concentrations in the cortical tissues
of four groups (n ¼ 10 in each group). Rats in the control group received tap drinking
water; NS 100, NS 200, and NS 400 groups received 100 mg/kg, 200 mg/kg, and
400 mg/kg of NS extract, respectively, in drinking water. *p < 0.05 and ***p < 0.001 in
comparison with the control group. MDA ¼ malondialdehyde; NS ¼ Nigella sativa;
SEM ¼ standard error of the mean.
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p < 0.05 and p < 0.001). Administration of 100e400 mg/kg of the
extract did not change the thiol content of cortical tissues
compared to the control group (Fig. 7B).

4. Discussion

The results of the present study showed that dietary supple-
mentation with NS during lactation and in the neonatal and juve-
nile periods enhanced learning and memory when the animals
were examined in both theMWMand PA tests. In the present study,
the NS extract also improved oxidative stress criteria in hippo-
campal and cortical tissues. To the best of our knowledge, the effect
of NS on the CNS during the developmental period has not been
investigated. However, it was previously reported that NS oil had
ameliorative effects on rat performance in the T maze in the short-
termmemory deficit induced by scopolamine in adult rats.36 Other
researchers showed that long-term administration of NS improved
learning and memory in rats.27 The fixed oil of NS seeds has also
been demonstrated to be effective against spatial cognitive im-
pairments induced by chronic cerebral hypo-perfusion when the
animals were examined in the MWM test.37

It has also been reported that NS has positive modulation effects
on aged rats with memory impairments.27 NS was also protective
against learning and memory deficiency in rats with diabetes.38

Another study showed a preventive effect of NS oil against hippo-
campal pyramidal cell loss.26 Pharmacological studies demon-
strated that NS could be involved in AChE activity inhibition, thus
retaining the effects of acetylcholine (ACh) in the encoding of new
memories.39 It was previously shown that the hydro-alcoholic
extract of NS prevented scopolamine-induced spatial memory
deficits in rats; this was accompanied by inhibition of AChE activity
as well as protection against brain tissue oxidative damage.40

Hippocampal neurodegeneration after chronic toluene exposure
in rats was also prevented by NS oil and TQ.26

Besides antioxidant and neuroprotective effects, NS was re-
ported to have many other therapeutic effects, such as antitumor,
immunopotentiation, anti-inflammatory, and antimicrobial ef-
fects.22,26 It has also been demonstrated that aqueous and meth-
anolic extracts of NS seeds exerted a potent sedative and depressive
effect on the CNS and also an analgesic property.23 In the present
study using the MWM and PA tests, we showed for the first time
that consumption of NS during development improves learning
and memory. However, future studies need to be done to elucidate
the exact mechanism(s) of the effects of the plant in developing
brains. In this regard, the effects of the plant on neurogenesis are
suggested. Clinical studies are also suggested to show the beneficial
effects of the plant in humans. A systematic review also needs to
examine the neuroprotective effects of the plant.

The beneficial effects of NS onmemory aremost likely due to the
ability of one or more of its constituents to protect against the
cellular damage caused by oxidative stress through its free radical
scavenging properties.41 Such similar effects have also been re-
ported by other well-known antioxidant compounds. It has been
shown that the antioxidant vitamin E protected the neonatal
granule cells against ethanol toxicity in the culture medium, and
that this protectionwas paralleled by increases in the antiapoptotic
proteins Bcl-2, Bcl-xl, and pAkt and decreased expression of pro-
apoptotic Bcl-xs.42 It was also reported that in fetal rat hippocampal
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cells, vitamin E protected against ethanol-induced cell death, even
when ethanol treatment was combinedwith ischemic conditions.43

Also, in cerebellar granule cells grown in vitro, this antioxidant
compound inhibited ethanol-mediated activation of caspase-3, and
diminished cellular membrane disruption.44 In vivo, this vitamin
reduced cerebellar Purkinje cell death at a vulnerable neonatal
age42 and restored the balance of the glutathione system following
destructive ethanol-induced alterations and decreased lipid per-
oxidation in the rat CNS.45 Vitamin E also prevented ethanol-
mediated reductions in brain mass and neuronal density in the
embryonic chick CNS.46 Vitamin E has also protected against
haloperidol-associated neurotoxicity and locomotor impairment in
rats,47 prevented 1-methyl-4-phenylpyridinium (MPPþ)-induced
apoptosis of cerebellar granule cells,48 and reduced 6-
hydroxydopamineneurotoxicity in adult rats.49 This antioxidant
has also been explored as a possible therapeutic agent for both
Alzheimer's disease and Parkinson's disease.50 It has also been
shown that maternal administration of the vitamin C plus E
regimen throughout gestation has limited efficacy and potential
adverse effects as a therapeutic intervention for ethanol neuro-
behavioral teratogenicity.11

Researchers have shown that ethanol exposure during nervous
system development produces a range of abnormalities, and in
humans may lead to fetal alcohol syndrome, which has been
attributed to oxidative stress processes or the insufficiency of
protective antioxidants.51 Vitamin E has been suggested as a
possible therapy for preventing or ameliorating the CNS damage
seen in fetal alcohol syndrome.42

Ascorbic acid, the other important antioxidant vitamin, was also
reported to be important for brain development.6 It has been
speculated that ascorbic acid and its oxidized form are regulators of
cell division.52 It was also reported that vitamin C was neuro-
protective against ethanol and nicotine via the modulation of
protein kinase A expression in prenatal and postnatal rat brain.53

Deficiency of vitamin A during pregnancy has also been shown to
cause malformation of the fetal brain.54 It was reported that
maternal vitamin A restriction caused altered brain development in
offspring in terms of tissue weight, DNA, RNA, and protein levels,
and biosynthesis of DNA and proteins.14

NS and its components are also well known for their antioxidant
properties. The antioxidant effects of NS and TQ in carbon tetra-
chloride (CCl4)-induced oxidative injury in rat liver,55 isolated rat
hepatocytes,56 hypercholesterolemic rats,57 and gentamicin-58 and
cyclosporine-induced kidney injury have also been reported.58 NS
oil has been reported to have a protective effect on the lipid per-
oxidation process during ischemiaereperfusion injury in the rat
hippocampus.25

Consuming antioxidant nutrients, such as NS, could be one of
the promising health strategies to help prevent oxidative damage
to cells, particularly in the brain regions that are related to memory
functions.41 In the present study, we showed that besides its effects
on learning and memory, the extract lowered brain tissue MDA
concentrations and increased thiol content. It seems that the
beneficial effects of the plant on learning andmemory are at least in
part due to its antioxidative effects. However, more precise tests
need to be carried out in the future.

The neuroprotective effects of NS have been shown previously.
NS and TQ, the bioactive constituent of NS, have beneficial effects
against the neurotoxic effects of lead in rats.59 Another study
showed that TQ prevented neurotoxicity and amyloid beta (Ab)-
induced apoptosis, thereby confirming its potential to reduce the
risk of developing Alzheimer's disease.24 TQ also has a protective
role against ethanol-induced neuronal apoptosis in primary rat
cortical neurons.60 Regarding these facts and the results of the
present study, the antioxidative and neuroprotective effects of NS
extract for brain tissues as possible mechanisms for enhancing ef-
fects on learning and memory in neonatal and juvenile growth are
suggested.
5. Conclusion

In conclusion, the findings of this study imply that feeding NS
during the neonatal and juvenile growth period improves learning
and memory in rats.
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