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Abstract This study aimed to examine the neuroprotective
effects of Nigella sativa (N. sativa) in the hippocampus of
propylthiouracil (PTU)-induced hypothyroid rats during neo-
natal and juvenile growth. Twenty- five pregnant rats from
early gestation (GD 0) were divided into five groups: (1) con-
trol (received drinking water), (2) PTU (received 0.005%PTU
in drinking water), (3–5) PTU + NS 0.05%, PTU + NS 0.1%,
PTU + NS 0.2% (along with PTU, received 0.05%, 0.1% and
0.2% W/V of N. sativa respectively) and treatment continued
until postnatal day 60 (PN 60). The brains of male pups were
removed for histological and stereological assessments.
N. sativa extract significantly reduced the production of dark
neurons and apoptotic cells in different areas of the hippocam-
pus compared to the PTU group. Moreover, it significantly
attenuated the effect of hypothyroidism on the volume reduc-
tion of the hippocampus. The results of the present study sug-
gested that N. sativa extract has a potential ability to prevent
the hippocampal neural damage after inducing hypothyroid-
ism during neonatal and juvenile growth in rats.
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Introduction

The thyroid gland is one of themost important endocrine glands
that it’s hormones; thyroxine (T4) and Triiodothyronine (T3)
have an important role in the regulation of body metabolism,
physical and mental development, maturation and reproduction
(Wagner et al. 2008). Moreover, they are crucial in neural gen-
eration and development of nervous system during fetal and
neonatal l i fe (Legrand 1984; Shin et al . 2013) .
Hypothyroidism, which is most common chronic diseases in
the world are related to insufficient production and secretion of
two thyroid hormones (TH) (Jannini et al. 1995). Late diagnosis
and untreated congenital hypothyroidism can lead to a number
of severe health problems in neonates such as cognitive and
neurological impairments as well as physical abnormalities
known as Cretinism (Ford and Cramer 1977). Former studies
have shown that maternal hypothyroidism during both neonatal
and lactation periods influences the development of the brain
and can cause learning and memory impairments and structural
abnormalities in rodents (Cragg 1970; Morreale de Escobar
et al. 2004). It is well documented that this memory and learn-
ing impairment due to thyroid hormone deficiency leads to cell
reduction in the granular layer of dentate gyrus as well as the
pyramidal layer of CA1 region in the hippocampus (Madeira
et al. 1992; 1991). Furthermore, prenatal hypothyroidism can
reduce dendritic spines in the hippocampal pyramidal cells and
impairs synaptic function in CA1 and dentate gyrus (Gong et al.
2010; Shibutani et al. 2009). It seems that the hippocampal
formation is particularly sensitive to thyroid hormones and de-
velopmental hypothyroidism can cause anatomical changes in
the hippocampus (Madeira et al. 1992). Former studies have
revealed that hypothyroidism can lead to a reduction in the size
of the hippocampus in the human brain and it has been shown
that hippocampal volume reduction provides learning and
memory disorders (Cooke et al. 2014).
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According to the previous studies, the cell loss and neural
damages following the hypothyroidism can be related to the
production of dark neurons (Madeira et al. 1991) and apopto-
tic cells (Sinha et al. 2009) in the hippocampus. Dark neurons
which appear such as the shrunken and hyperchromatic cells
with small dense nuclei and hyper electron density properties
occur under different conditions such as seizure, ischemia,
head injury or an electric shock as well as metabolic disorders
like hypoglycemia (Zsombok et al. 2005). On the other hand,
apoptosis is a process of programmed cell death occurs in
physiological conditions which characterized by specific mor-
phological features including cytoplasmic shrinkage and chro-
mat in condensat ion and segregat ion (Atae i and
Ebrahimzadeh-Bideskan 2014). A variety of internal or exter-
nal stimuli such as free radicals, radiation, chemotherapy,
growth factors deprivation, calcium influx, and death ligands
promote the apoptosis (Bratton et al. 2000). The cause of
induced memory impairment in hypothyroidism has not been
known exactly. However, it is well known that among the
various hormonal influences that work on the antioxidant reg-
ulation, thyroid hormones play particularly important roles
and they can modulate antioxidants in humans and animals
(Mancini et al. 2016; Yilmaz et al. 2003). Besides, some stud-
ies have demonstrated that hypothyroidism-induced oxidative
stress in the nervous system results in memory impairment
(Cano-Europa et al. 2008).

Many plants- derived medications employed by the an-
cients are still in use today and many medicinal plants con-
taining antioxidants were appointed to treat a variety of ail-
ments (Gupta and Sharma 2006). Nigella sativa, commonly
known as the black seed, is an annual plant (Family
Ranunculaceae) that widely used in folk medicine throughout
the world to treat a number of diseases and conditions such as
asthma, diarrhea, hypertension, diabetes, inflammation, head-
ache and fever. The most important bioactive compounds of
N. sativa are thymoquinone, alkaloids, riboflavin, piridoksin,
niacin, folic acid, minerals and proteins (Jalali and
Tehranipour 2013; Salem 2005). It has been shown that
thymoquinone, the major component of this plant inhibits
non-enzymatic lipid peroxidation in liposomes and has
cytoprotective and antioxidant effects (Ali and Blunden
2003). In addition, N. sativa oil has preventive effects on lipid
peroxidation during cerebral ischemia injury in rat hippocam-
pus (Hosseinzadeh et al. 2007). Regarding this antioxidant
effect of N. sativa, the numerous in-vivo and in-vitro studies
suggest that N. sativa has neuroprotective effects in neurode-
generative disorders (Islam et al. 2015; Sedaghat et al. 2014).
Moreover, the findings of previous studies have shown that
this plant can prevent hippocampal neuronal damage and im-
prove the memory in pentylenetetrazole (PTZ) seizure models
(Seghatoleslam et al. 2016). It has been revealed that admin-
istrat ion of N. sativa increases thyroid hormone

concentrations in rats (Sharif et al. 2012). In addition, former
studies showed that it could improve learning and memory
during neonatal and juvenile growth in rats with hypothyroid-
ism (Beheshti et al. 2017). Based on the antioxidant and neu-
roprotective properties of N. sativa, the aim of this study was
to investigate the effect of the plant hydro-alcoholic extract on
neuronal damage and the hippocampal volume in the hypo-
thyroid rats during neonatal and juvenile growth.

Materials and methods

Animals

Twenty-five pregnant female Wistar rats (12 weeks old and
weighing 230 ± 20 g) were maintained in separate cages at
22 ± 2 °C, in a roomwith a 12:12 h light: dark cycle, and food
and water available ad libitum. Animal handling and all relat-
ed procedures were conducted in accordance with Mashhad
University of Medical Sciences, Ethical Committee Acts.

Plant extraction

Seeds of Nigella sativa, which were purchased from a local
market, were identified at the herbarium of Pharmacy School,
Mashhad University of Medical Sciences, Iran. The hydro-
alcoholic extract was prepared as has been described previ-
ously (Vafaee et al. 2015). Powdered seeds (100 g) ofN. sativa
was milled and sieved then incubated in 300 ml of ethyl alco-
hol 70%, in a Soxhlet extractor. The extraction with ethanol
was continued on the residue and then concentrated in a rotary
evaporator and kept at −20 °C until being used. In order to
obtain the desired concentrations, 0.5, 1, and 2 g of the extract
respectively were dissolved in 1000 ml of drinking water
(Beheshti et al. 2017).

Experimental procedure

Animal were randomly divided into five groups (n = 5 in each
group) including: (1) control, (2) propylthiouracil (PTU), (3)
PTU + NS 0.05%, (4) PTU + NS 0.1%, and (5) PTU + NS
0.2%. Control groups received drinking water, whereas ani-
mals in the PTU group received drinking water supplemented
with 0.005% PTU (Sigma Co., St. Louis, USA) to induce
hypothyroidism. The animals of experimental groups includ-
ing PTU + NS 0.05%, PTU + NS 0.1%, PTU + NS 0.2%
received drinking water supplemented with 0.005% PTU
and 0.05%, 0.1%, and 0.2%W/V N. sativa extract, respective-
ly. These experimental treatments started from early gestation
(GD 0) for pregnant rats and continued for their pups during
the lactation and infancy period. At day 60 post-delivery, eight
male offspring of each group were randomly weighed and
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considered for histological assessments. To assert of hypothy-
roidism, the serum T4 levels measured by radioimmunoassay.

Tissue processing

Animal pups were anesthetized with a high dose of ketamine
and then transcardially perfused with 100 ml of cold saline,
followed by 100 ml fixative solution [4% paraformaldehyde
in 0.1 M phosphate buffered Solution (PBS), pH 7.4]. Brains
were slowly taken out and kept in the same fixative solution
for 48 h. After performing a routine histological tissue pro-
cessing, brains embedded in paraffin blokes. Then, using a
rotary microtome, 5 μ thick serial sections were cut in a cor-
onal plane and mounted on slides (Seghatoleslam et al. 2016).
Furthermore, in accordance with the atlas of Paxinos and
Watson the boundary of the hippocampus was defined and
then 10 equidistant slices of each block from brain per animals
was selected and mounted on poly-L-lysine coated slides for
TUNEL assay (Dityatev et al. 2004). The rest of slides were
stained with toluidine blue to determine dark neurons and the
volume of the hippocampus. The areas of the hippocampus
were studied and photographed using a light microscope
equipped with a high-resolution camera (BX51, Olympus,
Japan).

Evaluation of cell apoptosis

TUNEL assay (Terminal deoxynucleotidyl transferase mediated
dUTP Nick End Labeling) by means of TUNEL Kit (Roche,
Germany) was applied to detect apoptotic cells (Ataei and
Ebrahimzadeh-Bideskan 2014). Primarily, poly-L-lysine sec-
tions were deparaffinized with the xylene, rehydrated in de-
scending ethanol series and rinsed in 0.1 M PBS for 10 min.
The endogenous peroxidase of specimens was inactivated by
3%H2O2 inmethanol and subsequently, the tissue sections were
washed with PBS 3 times for 5 min. Then the specimens were
treated with proteinase K (Roche, 20 μg / ml in Tris buffer) for
30 min at room temperature. After washing with PBS, the slides
were incubated in the labeling reaction mixture containing ter-
minal deoxynucleotidyl transferase and the deoxynucleotide at
4 °C overnight. In the following day, all sections were rinsed in
PBS and incubated in POD solution for 30 min at ambient
temperature and then slides were washed with PBS for 3 min
and eventually, immersed at 0.01% 3, 3’Diaminobenzidine
(DAB) in 0.1 M PBS plus 0.01 H2O2 for 10 to 15 min at room
temperature in dark. After extensive washing with tap water,
sections were counterstained with Harris hematoxylin for
1 min and coverslipped. By this method, the apoptotic cell nu-
clei are identified through the presence of dark brown (Bagheri-
Abassi et al. 2015). For positive control, sections were incubated
with DNase I (3000 U/ml in 50 mM TrisHCl, pH 7.5, 1 mg/ml
BSA) for 10 min at 15–25 °C to induce DNA strand breaks,

then TUNEL reaction was applied. Moreover, negative control
sections were incubated with label solution only (without termi-
nal transferase) instead of TUNEL reaction mixture (Ataei and
Ebrahimzadeh-Bideskan 2014).

Stereological analyses

Volumemeasurements as well as, TUNEL positive cell and dark
neuron estimation were performed in the right hippocampus of
rats using the unbiased stereological principles (West and
Gundersen 1990; Pourzaki et al. 2017). In order to quantitative
analysis of dark neurons and TUNEL positive cells per unit area
of hippocampal subdivisions, 20× and 40× magnification im-
ages respectively of each section were transferred to a computer
equipped with the freely available software Image J using a
10,000 μm2 counting frame (Seghatoleslam et al. 2013). The
mean number (NA) of neurons per unit area in CA1, CA3 and
DG (dentate gyrus) regions of the hippocampus was calculated
using the following formula (Rajabzadeh et al. 2011):

NA ¼ ∑Q
a= f :∑P

The numerical density (Nv) of dark neurons in the hippocam-
pus is calculated using physical dissector method. This method
involved examining two serial sections of known distance (h)
apart. All regions of the hippocampus were examined using 20×
objective magnification and a minimum number of 10 pairs
sections, with 10 μm distance were collected from each brain.
The first section of each pair was appointed as the reference and
the second one as look-up section. On each pair of sections, at
least 10microscopic fields were selected randomly in the area of
interest and according to the unbiased frame counting rule, the
estimation of dark neurons in each field was done using the
following formula (West 1993).

NV ¼ 1

a
.
f :h

:
∑Q
∑P

In mentioned formulae, BΣQ^ is the summation of counted
neurons appeared in reference sections, BΣP^ is the sum of
the numbers of frames counted, Ba/f^ is the surface area of
each square of the counting frame and Bh^ is dissector height.

The total number of dark neurons (N) in any given hippo-
campus was estimated by multiplying the volume of the hip-
pocampus (as determined by the Cavalieri method) with the
corresponding numerical density (Khan et al. 2015).

N ¼ NV :Vref

The volume of the right hippocampus for each brain was
estimated according to the Cavalieri method on toluidine blue
5 μm equal distance sections. In this study, an average of 10
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sections of the hippocampus was chosen and viewed at 4×mag-
nification under a light microscope which is connected to a
computer with Pro Plus image analyzer. Each image was
superimposed at random, with a standard point grid. Then count
howmany points hit the subdivisions of the hippocampus in the
sampled sections. The volume of any given hippocampus (V)
was estimated by summing the areas associated with each point
(a/p) and multiplying by the slice thickness (T) according to
following the formula (Namavar et al. 2012).

V ¼ T :a=p:∑P

In this formula, "∑ P" is the total number of points of the
grid landing within the hippocampal region on the sections.

In this study, due to indicate the precision of the employed
sampling methods, the Coefficient of Error (CE) was calculated
(Namavar et al. 2012). In accordance with the Gundersen meth-
od (Chareyron et al. 2011) and using the following formula:

CE :
3aþ c−4bð Þ12

2∑p

B∑P^ is the sum of the number of points in the squares
counted in the sections used in the analysis; A = ∑Pi2,
B = ∑Pi P (i + 1) and C = ∑Pi P (i + 2).

Statistical analysis

All data were analyzed using analysis of variance (ANOVA)
followed by Tukey’s post hoc multiple comparison tests.
Values are expressed as means ± standard error of the mean
(S.E.M.) and P < 0.05 was considered statistically significant.

Results

Biochemical assessment

The serum T4 concentration in PTU group was significantly
lower compared to that of the control group (P < 0.001,
Table 1). Treatment by all three doses of the N. sativa extract
significantly attenuated the PTU-induced alleviation in serum
T4 (P < 0.01, Table 1).

The effect of Nigella sativa extract on body weight
of hypothyroidism rats

Hypothyroidism which induced by PTU in the neonate and ju-
venile rats caused a significant reduction in body weight at PTU
group compared to the control group (P = 0.002). Administration
of N. sativa extract at the concentration of 0.05% W/V did not
change the body weight of the animals (P = 0.2). However,
consumption of 0.1% and 0.2% W/V of N. sativa extract

significantly increased the body weight of the rats in treatment
groups compared to PTU group (P < 0.05; Fig. 1).

The effect of Nigella sativa extract on the apoptotic cells
production

The apoptotic cells, which are presented in the CA1, CA3, and
DG, identified as cells with a dark brown nucleus and irregular
cytoplasm (Fig. 2). Few apoptotic cells were observed in the
hippocampus of the control group, but hypothyroidism induced
by drinking of PTU significantly increased the number of apo-
ptotic cells in CA1, CA3 and DG regions of hippocampus com-
pared to the control group (P < 0.001; Fig. 3). Administration of
0.05% W/V N. sativa extract significantly decreased the mean
number of apoptotic cells in DG (P = 0.006) compared to PTU
group. However, it did not change the number of these cells in
CA1 and CA3 regions (Fig. 3). Treatment of the animals with
0.1% W/V of N. sativa extract significantly decreased the apo-
ptotic cells in CA1, CA3 and DG regions in comparison to PTU
group (P < 0.01 and P < 0.001 respectively; Fig. 3).

Table 1 SerumT4 concentrations in offspring. The T4 level in the PTU
group was significantly lower than control, while administration of
Nigella sativa at three concentrations significantly increased the level of
T4 in the serum of all PTU-NS groups compared to PTU group

Group Treatment Serum T4 levels (μg/dl)

1 Control 7.1 ± 0.07

2 0.005% PTU 1.3 ± 0.23***

3 PTU+ 0.05% W/V NS 4.9 ± 0.19++

4 PTU+ 0.1% W/V NS 5.18 ± 0.06++

5 PTU+ 0.2% W/V NS 5.4 ± 0.04++

***P < 0.001compared to control group
++P < 0.01 compared to PTU group
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Fig. 1 Comparing the body weight in different groups. Body weight in
PTU group was significantly less than the control group. Although the
body weight of animals in PTU + NS 0.05% group N. sativa did not
significantly change, animals treated by 0.1% and 0.2% W/V N. sativa
had a significantly more body weight compared to PTU group. Data are
presented as mean ± SEM. **P < 0.01 compared to control group, +

P < 0.05 compared to PTU group
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Fig. 2 Light microscopic images
of the apoptotic cells (arrows)
among normal pyramidal cells in
coronal sections of CA1, CA3
and DG regions of rat
hippocampus in all groups.
Apoptotic cells that are present in
the area have shrinkage and
brown nuclei with irregular
cytoplasm

Fig. 3 Comparison of apoptotic cell number per unit area (N/mm2) in
CA1, CA3 and DG areas of the hippocampus between groups. Apoptotic
cells in sub- regions of the hippocampus in PTU group were significantly
more than the control group. Administration of N. sativa extract at
concentrations of 0.05% W/V significantly reduced the number of

apoptotic cells in DG area. Treatment by 0.1% and 0.2% W/V N. sativa,
showed a significant reduction in the number of apoptotic cells in all
regions of the hippocampus. Data are presented as mean ± SEM.
*P < 0.05, **P < 0.01 and ***P < 0.001 compared to control group.
+P < 0.05, ++ P < 0.01 and +++ P < 0.001 compared to PTU group
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Furthermore, the administration of N. sativa extract at the con-
centration of 0.2%W/V noticeably reduced the mean number of
apoptotic cells in all regions of hippocampus compared to PTU
group (P < 0.001; Fig. 3).

The effect of Nigella sativa on production of dark neurons

Our findings revealed that hypothyroidism induced by
PTU, led to the appearance of dark neurons at CA1,
CA3, and DG of the hippocampus in the all tested
groups (Fig. 4) however, they were significantly more
abundant in the PTU group compared to control group
(P = 0.001; Fig. 5). Although treatment by N. sativa
extract at concentration of 0.05% W/V didn’t significant-
ly change the number of dark neurons in sub-regions of
the hippocampus compared to PTU group, administra-
tion of 0.1% as well as 0.2% W/V N. sativa remarkably
declined the mean number of dark neurons per unit area
in all regions of hippocampus in comparison with PTU
group (P < 0.01 and P < 0.001; respectively, Fig. 5).

The effect of Nigella sativa on numerical density and total
number of dark neurons in the hippocampus

The results of this study demonstrated that the mean
number of dark neurons per unit area (N/mm3) in right
hippocampus was 607.6 ± 13 in control group and
1428.4 ± 238 in PTU group. Hypothyroidism induced
by PTU significantly enhanced the density of dark neu-
rons in the hippocampus (P = 0.005; Fig. 6a).
Subsequently, the total number of dark neurons in the
hippocampus of hypothyroid rats in PTU group signifi-
cantly increased compared to the control group
(P = 0.006; Fig. 6b). Administration of 0.05% W/V
Nigella sativa extract did not change the density of dark
neurons which induced by hypothyroidism in the hippo-
campus (954.6 ± 169; P = 0.2). Furthermore, it did not
change the total number of dark neurons in the hippo-
campus of this rats (P = 0.2; Fig. 6b). However, admin-
istration of 0.1% and 0.2% W/V of N. sativa extract
significantly prevented production of dark neurons as
well as total number of these cells in the hippocampus

Fig. 4 The light microscopic
appearance of toluidine
blue-stained dark neurons at
coronal sections of CA1, CA2
and DG of the hippocampus in
different groups. Arrows show
dark neurons among normal
pyramidal cells
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of hypothyroid rats and reduced the mean number of
dark neurons to 743.6 ± 93.4 and 676.4 ± 80.3, respec-
tively (P = 0.02 and P = 0.01;, Fig 6a, b).

The effect of Nigella sativa on the hippocampal volume

According to the Cavalieri method, the mean hippocampal
volume for the control group was 22.31 ± 0.15 mm3 and
PTU- induced hypothyroidism significantly decreased the
volume of the hippocampus to 21.12 ± 0.05 mm3 (P˂0.001;
Fig. 7). Administration of N. sativa extract at concentrations
of 0.1% and 0.2% W/V noticeably attenuated this effect of
hypothyroidism on hippocampus compared to the PTU group
(P˂0.001; Fig. 7).While treatment of the animals by 0.05%W/
V N. sativa extract didn’t has any significant effect on the

volume of the hippocampus in comparison with PTU group
(P = 0.1). The coefficient error (CE) was estimated for the
hippocampus in different groups (Table 2).

Discussion

This study evaluated the effect ofNigella sativa extract during
the neonatal and juvenile period on hippocampal volume, the
number of dark neurons and apoptotic cells in the hippocam-
pus of the hypothyroidism rats. Our results showed that hypo-
thyroidism induced by 0.005% PTU causes neuronal damage
in different regions of the hippocampus, which leads to a
reduction of hippocampal volume in the rats. Meanwhile, ad-
ministration of different concentration of N. sativa hydro-
a l coho l i c ex t r a c t dose -dependen t ly a t t enua t ed
hypothyroidism- induced hippocampal neuronal damage.

Previous studies showed that hypothyroidism during the neo-
natal and juvenile period can cause irreparable damage to devel-
oping nervous system includes mental retardation, learning, and
memory impairment (Ford and Cramer 1977; Hosseini et al.
2012; Legrand 1984). It is documented that thyroid hormones
deficiency either during development or at maturity reduces neu-
ral proliferation and can lead to increased cell death in hippo-
campus and cerebellum (Cooke et al. 2014; Sinha et al. 2009).
Sinha et al. (2009) showed that TH deficiency is associated with
the death of granule neurons within the developing cerebellum
and their results indicated that this hypothyroidism-induced neu-
ronal loss involved in an apoptotic dependence signaling.
Madeira et al. (1991) demonstrated that hypothyroidism regard-
less of when the disorder began results in an elimination of the
total number of granule cells due to both deficient cell acquisition
and neuronal death in the dentate gyrus. In the other study, they
found that hypothyroidism induces a reduction in the volume of
the pyramidal cell layer in CA3 and in the CA1 region (Madeira
et al. 1992). In line with our results, Huang et al. (2005) inves-
tigated the effects of hypothyroidism on apoptosis and the
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Fig. 6 The effect ofNigella sativa extract on the numerical density and a
total number of dark neurons at hippocampus in hypothyroid rats.
Hypothyroidism induced by PTU significantly increased density (a) and
total number (b) of dark neurons in the right hippocampus of rats.Nigella
sativa at concentration of 0.05%W/V significantly reduced the numerical
density of dark neurons (a) whereas; it did not change the total number (b)

of these cells in the hippocampus. Administration of Nigella sativa at the
concentrations of 0.1% and 0.2% W/V considerably decreased both
numerical density and a total number of dark neurons in the
hippocampus. Data are presented as mean ± SEM. *P < 0.05 and
**P < 0.01 compared to control group. +P < 0.05 compared to PTU
group

Fig. 5 Comparing the number of dark neurons per unit area (N/mm2) in
CA1, CA3 and DG areas of the hippocampus between groups. PTU-
induced hypothyroidism significantly enhanced the production of dark
neurons in different areas of the hippocampus in rats. Administration of
0.1% and 0.2% W/V N. sativa significantly reduced the production of
dark neurons in different areas of the hippocampus. Data are presented
as mean ± SEM. *P < 0.05, **P < 0.01 and ***P < 0.001 compared to
control group. ++P < 0.01 and +++P < 0.001 compared to PTU group
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expression of Bax and Bcl-2 gene in the developing rat hippo-
campus neurons and reported that the thyroid hormones
significantly prevents apoptosis of hippocampus neurons.
Furthermore, Cooke et al. (2014) showed that hypothyroidism
in adult patients causes a significant reduction in the volume of
the right hippocampus and this could explain some of the mem-
ory deficits that have been observed in those with
hypothyroidism.

Although previous studies have been not determined the
exact mechanism of hypothyroid damaging effects on the ner-
vous system, some studies reported that the increased nitric
oxide (NO) level in the hippocampus of hypothyroidism rats
may cause learning and memory impairment during the neo-
natal period (Cernak et al. 2001; Hosseini et al. 2010). It has
been suggested that the NO synthase (NOS) activity enhance-
ment due to TH deficiency in the hippocampus may be asso-
ciated with an increased level of lipid peroxidation in the brain
tissues (Cano-Europa et al. 2008). Furthermore, numerous
studies have shown that hypothyroidism induces oxidative
stress due to reactive oxygen species (ROS) production
(Konukoglu et al. 2002; Yilmaz et al. 2003) and the role of
ROS in affecting neuronal death is well-documented (Klein

and Ackerman 2003). Therefore, oxidative stress can be con-
sidered as one of the possible causes of neurological disorders
and memory impairment induced by hypothyroidism
(Beheshti et al. 2017; Farrokhi et al. 2014; McEwen 1999;
Wang and Michaelis 2010).

The seeds of Nigella sativa, a religion-based remedy that
have been prized for their healing properties since ancient
times, express many pharmacological actions such as analge-
sic (Ali and Blunden 2003), anti-tumoral (Musa et al. 2004)
and antioxidant (Erkan et al. 2008; Hamdy and Taha 2009) as
well as neuroprotective effects (Sahak et al. 2013). Evidence
suggests that antioxidants have beneficial effects in preventing
memory disorders (Bhutada et al. 2011) and play an important
role in the evolution of the nervous system by protecting nerve
cells against oxidative damage (Mitchell et al. 1999). Sahak
et al. (2013) regarding the antioxidant and neuroprotective
properties of N. sativa showed that the use of N. sativa oil
have beneficial effects on memory and learn abilities in rats.
Moreover, previous studies demonstrated the neuroprotective
and antioxidant effects of N. sativa on hippocampal neural
damage and memory impairment in seizure models (Ezz
et al. 2011; Seghatoleslam et al. 2016; Vafaee et al. 2015). It
is shown that thymoquinone (TQ), the most abundant compo-
nent ofN. sativa seeds, is the principle responsible for many of
the seed’s beneficial effects (Gali-Muhtasib et al. 2006).
N. sativa and its derived TQ have useful effects in neurode-
generation after chronic toluene exposure on the hippocampus
in rats (Kanter 2008). Moreover, recent studies have demon-
strated that N. sativa extract and TQ have neuroprotective
effects and prevent cell death in hippocampal structures fol-
lowing experimental cerebral ischemia (Al-Majed et al. 2006;
Hobbenaghi et al. 2014).

Consistent with previous studies the results of the cur-
rent study showed that the two concentrations (0.1% and
0.2% W/V) of the hydrochloric extract of N. sativa signif-
icantly decreased the total number and numerical density
of dark neurons, as well as apoptotic cell production in
subdivisions of the hippocampus at hypothyroidism- in-
duced rats. Additionally, these concentrations of N. sativa
extract attenuated the effect of hypothyroidism on the
volume reduction of the hippocampus in this animal.

Table 2 The mean right
hippocampal volume, the total
number of dark neurons in the
right hippocampus, and
coefficient of error (CE) in the
different groups

Group Treatment Hippocampal volume Total number of dark neurons C.E

1 Control 22.31 ± 0.15 13,552.7 ± 237.1 0.026

2 0.005% PTU 21.12 ± 0.05** 30,127.3 ± 4978.3** 0.028

3 PTU+ 0.05% W/V NS 21.5 ± 0.12* 20,457.9 ± 3533.2 0.027

4 PTU+ 0.1% W/V NS 21.97 ± 0.07++ 16,323.9 ± 2014.5+ 0.027

5 PTU+ 0.2% W/V NS 22.058 ± 0.12++ 14,894.4 ± 1702.9+ 0.026

* P < 0.05 and ** P < 0.01 compared to control group
+P < 0.05 and ++ P < 0.01 compared to PTU group
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Fig. 7 The effect ofNigella sativa extract on the hippocampal volume in
hypothyroid rats. PTU- induced hypothyroidism significantly reduced the
volume of the right hippocampus. Treatment by 0.05% W/V N. sativa
extract did not change the volume of the hippocampus. Administration
of Nigella sativa at the concentrations of 0.1% and 0.2%W/V significant-
ly increased the hippocampal volume in rats. Data are presented as
mean ± SEM. *P < 0.05 and **P < 0.01 compared to control group. ++

P < 0.01 compared to PTU group
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Beheshti et al. (2017) showed that the N. sativa extract
has protective effects on hypothyroidism-associated learn-
ing and memory impairment during neonatal and juvenile
growth in rats. They indicated that the N. sativa extract
attenuated malondialdehyde (MDA) as a marker of lipid
peroxidation while, improved thiol contents in both the
cortical and hippocampal tissues of hypothyroid rats.
(Beheshti et al. 2017). Then, they suggested protection
against oxidative stress in brain tissue may be involved
in the beneficial effects of N. sativa in brain function in
hypothyroidism. Other reports also confirmed the protec-
tive effects of N. sativa and its main component BTQ^
against brain tissues oxidative damage (Ahlatci et al.
2014; Erşahin et al. 2011; Hassanein and El-Amir 2017)
and considered that as a possible mechanism(s) for learn-
ing and memory improving effects (Hosseini et al. 2015;
Vafaee et al. 2015). Additionally, the beneficial effects of
N. sativa and TQ in the nervous system have been attrib-
uted to protection against NO overproduction (Abdel-
Zaher et al. 2011; Ezz et al. 2011; Hamdy and Taha
2009; Ozugurlu et al. 2005). It has also been reported that
both N. sativa and TQ reduce NO and peroxynitrite
(ONOO(−)) levels as well as NOS enzyme activity in
the brain and protect the brain tissues from radiation-
induced nitrosative stress (Ahlatci et al. 2014). On the
other hand, an increased level of NO level in the hippo-
campus of hypothyroidism is considerable (Cernak et al.
2001; Hosseini et al. 2010). Considering this evidence,
protection against hippocampal tissues oxidative damage
as an explanation for neuroprotective effects of the plant’s
extract which was seen in the present study might be
suggested and these beneficial effects of the plant may
be due, in part at least, to inhibition of NOS and protec-
tion against overproduction of nitric oxide nevertheless, it
needs to be more investigated in the future.

Overall, the results would seem to suggest that hydro-
alcoholic extract of the Nigella sativa has a strength to prevent
dark neuron and apoptotic cell production in the hippocampal
regions, as its neuroprotective effects against TH deficiency,
and it might be suggested to be used as an effective medication
in reducing the adverse effects of hypothyroidism. However,
future studies on the current topic are recommended.
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