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Tarooneh extract relieves anxiety-like behaviors and cognitive
deficits by inhibiting synaptic loss in the hippocampus and frontal
cortex in rats subjected to chronic restraint stress
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Abstract

In traditional medicine, Tarooneh (a hardcover of the date palm; Phoenix dactylifera) has known as a sedative and relax-
ant medicine. In this study, we evaluated the protective effects of Tarooneh in the anxiety-like behavior, cognitive deficit,
and neuronal damages in the CA1, CA3, and dentate gyrus (DG) regions of the hippocampus and frontal cortex neurons
employing a rat model of chronic restraint stress. The animal received Tarooneh extract for 14 consecutive days in water, and
chronic restraint stress was performed daily during this period. The results of the Barnes maze test showed that treatment with
Tarooneh significantly improves spatial memory parameters such as latency time to find the target hole, number of errors,
and distance traveling compared to the stress group. The EPM results showed that Tarooneh significantly increased the time
spent in open arms and the percentage of entries into open arms and significantly decreased the frequency of head dipping
behavior compared to animals in the stress group. Golgi—Cox staining indicates that loss of neural spine density in DG, CA1,
CA3, and frontal cortex due to chronic restraint stress, was prevented with daily administration of Tarooneh. The results of
cresyl-violet staining indicate that Tarooneh significantly increased the number of CV-positive neurons in the frontal cortex
and CA1 region of the hippocampus compared to the stress group. Our results suggest that Tarooneh potentially prevented
and improved effects in anxiety-like behavior, memory impairment, and synaptic plasticity loss in frontal and hippocampal
neurons induced by chronic restraint stress. In conclusion, our results suggest that Tarooneh prevented and improved anxiety-
like behavior, cognitive deficit, and neuronal damages in the CA1, CA3, and DG regions of the hippocampus and frontal
cortex neurons induced by chronic restraint stress.
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Introduction plasticity in the hippocampus and inhibition of neurogenesis
(Kim et al. 2013; Maggio et al. 2013; Schoenfeld and Gould
2013; Price and Duman 2020; Garcia-Keller et al. 2021).

In addition, epidemiological studies show that the risk of

Extended exposure to stress may lead to different neuropsy-
chiatric disorders. There is a close relationship between

chronic stress and anxiety disorders (Chrousos 2009; Dag-
nino-Subiabre 2021; Speers et al. 2021). Various studies
have reported that stressful stimuli lead to impaired synaptic
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dementia and exacerbation of neurological disorders, such as
Alzheimer's disease or major depression, is associated with
stress (Wilson et al. 2007; Najjar et al. 2013; Escher et al.
2019; Srivastava et al. 2019; Tripathi et al. 2019; Saeedi and
Rashidy-Pour 2021, de Sousa et al. 2021).

The effect of stress depends on the type of stress, the
area of the brain affected, and the individual sensitivity
(Chen et al. 2012; Joéls et al. 2018). Experimental animal
models should confirm the pathobiology features of human
diseases. One commonly used stress model is the restraint
model, which is a modified model of immobility stress. In
this method, where physical and mental stress is unavoid-
able, the animals are placed in a plastic tube to prevent
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movement. This stress model is valid and has physical and
psychological effects (Jaggi et al. 2011; Son et al. 2019).
The frontal cortex and hippocampus are the brain's most
sensitive parts to stress (Kim and Diamond 2002; Radley
et al. 2006; Mograbi et al. 2020). Chronic restraint stress
leads to learning and memory impairment and neuronal
damage to the frontal cortex and the hippocampus (Huang
et al. 2015; Mograbi et al. 2020). The expression of the
B-actin protein gene, a significant component of dendritic
spines and amyloid precursor protein and has been linked
to Alzheimer's disease in the hippocampus, is altered by
immobility stress (Rai et al. 2020a, b; Santha et al. 2012).

Phoenix dactylifera (date palm) is a diploid plant of the
monocotyledonous family Aceraceae, which is often culti-
vated in Middle East countries and is well known in these
areas, because different parts of the plant have long used
it for food and household appliances (Rahimi et al. 2015).
In traditional medicine, different palm tree parts have been
used to treat various disorders. Plant extracts were com-
mon in traditional medicine and had a high status up to
50 years ago (Hosseini 2018). Therefore, paying attention
to herbal medicines is very important in producing new
medicines and can establish a good relationship between
traditional and modern medicine.

Tarooneh is a hardcover of date pollen that opens
during the pollination season and remains like a shell.
Tarooneh extract has been a sedative and soothing sub-
stance since ancient times. Various studies have also
examined the properties of Tarooneh. It has been shown
that Tarooneh relieves headaches and diarrhea (Al-Taher
2008), also effects on LH (luteinizing hormone), FSH (fol-
licle stimulating hormone), and testosterone concentra-
tions (Mokhtari and Sharifi 2007), reduction of chronic
pain as well as therapeutic properties of hypolipidemia,
increased milk in lactating mothers, sedative and nerve
relaxing properties, joint pain reliever, and treatment
of rheumatic diseases have been reported (Rahimi et al.
2017).

According to these studies, Tarooneh may have neu-
roprotective effects; however, the underlying mechanism
of neuroprotective effects of Tarooneh is far from clear.
On the other hand, though some studies evaluated the
neuroprotective effects of the hydroalcoholic extract of
Tarooneh in rodents (Rahimi et al. 2015), according to our
knowledge, there is no study conducted on the effects of
Tarooneh on spine density in the CA1, CA3, and dentate
gyrus (DG) regions of the hippocampus and frontal cortex
neurons in chronic immobilization stress. Thus, this study
aimed to investigate the effect of Tarooneh on anxiety and
cognitive deficit, as well as its effect on spine density and
neuronal damages in the frontal cortex and hippocampus
CAl, CA3, and DG regions neurons on chronic immobi-
lization stress in rats.
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Materials and methods
Animals

Adult male Wistar rats weighing 200-220 g were obtained
from the Bagqiyatallah University of Medical Science ani-
mal house (Tehran, IR. Iran). The rats were housed in a
polycarbonate rodent cage under standard laboratory con-
ditions with a 12 h light/dark cycle at constant tempera-
ture (22 + 1 °C) and humidity (55 +5%) in the conventional
animal house of the Bagiyatallah Neuroscience Research
Centre, Tehran, Iran. Animals have access to drinking water
and a standard chow diet ad libitum. At least 7 days after the
animals arrived, the animal experiments were begun. The
experiments were conducted in accordance with the animal
care and use guidelines approved by the local ethical com-
mittee (The Bagiyatallah University of Medical Committee
on the Use and Care of Animals; Protocol approval number:
IR.BMSU.REC.1400.089).

Plant and extraction

A pharmacological maceration technique was used to extract
the spathe of phoenix dactylifera that were gathered from
the South of the Fars province of Iran. The gathered pieces
were cleaned and dried at room temperature away from
direct sunlight. Then, 70% alcohol was added to the dried
and ground spathe powder, using 400 ml of alcohol for every
100 g of powder. The valves containing the solvent were
sealed to prevent alcohol evaporation. The solvent was then
condensed by rotary at 40 °C and in a bain-marie (water
bath) for approximately 6 h, followed by freeze-drying of
the supernatant (Rahimi et al. 2019).

Experimental groups

The rats were randomly divided into four groups of six indi-
viduals each, as follows:

e The unstressed group daily received tap water instead of
Tarooneh (Control group, n=06).

e Restraint-stressed group daily received tap water instead
of Tarooneh (Stress group, n=06).

e The unstressed group received Tarooneh extract 125 mg/
kg/day (Tarooneh group, n=>6).

e The restraint-stressed plus Tarooneh-treated
group received Tarooneh extract 125 mg/kg/day
(Stress + Tarooneh group, n=06).

The procedure of restraint stress was carried out for
14 consecutive days once daily for 2 h from 09:00 a.m. to
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11:00 a.m. in rodent restraint tubes. In brief, rats were placed
in plastic tubes (20 X 9 X 7 cm), of which one end is conical
and has several 3-mm holes for breathing, and the other is
open. The animals could not move within the tubes but could
breathe normally (Lee et al. 2013).

Behavioral tests
Elevated Plus Maze (EPM)

Elevated Plus Maze (EPM) was used to evaluate the anx-
iety-like behavior (Roohbakhsh et al. 2007). The appara-
tus consists of two opposing closed and two open arms
(50 cm x 10 cm) with 50 cm-high walls of the exact dimen-
sions of closed arms and a central platform (10 cm X 10 cm)
at the intersection of the open and closed arms. The maze
was 120 cm raised from the floor. The animal was placed on
the central platform at the start, and the task was performed
for 5 min. The camera placed above the maze recorded the
animal's behaviors during the test. The analyzed parameters
include time spent in the open arms and the number of open
arms entries, head dipping behavior frequency.

Barnes maze

The Barnes maze is a strongly approved test to estimate cog-
nitive impairment in learning and memory in animals (Hadi-
pour et al. 2018). The maze is elevated 1 m above the floor,
and an overhead light source (500 W, 1000 1x) shines down
on the table surface. All animals were adapted to the maze
before beginning the trials. Barnes maze included 4 days of
the training task, including four times each 90 s trials and a
single 90 s probe test on day 5. During training trials, rats
were put in the maze's center and allowed up to 90 s to find
the escape box. The time to find the hidden box was recorded
as escape latency time; the number of errors and distance
taken to reach the box were recorded. If, in training days, an
animal cannot find the hidden box within 90 s, he is gently
directed to the location of the box by the researcher. When
an animal entered the escape box, the box was covered for
30 s for the habituation of the animal. The animals were
trained four times a day for four continuous training days. On
day 5, probe test day, the escape latency time, the number of
errors, and the distance were recorded and analyzed.

Histological tests
Golgi—Cox staining
Golgi—Cox staining was used to examine neuronal arbori-
zation (Zaqout and Kaindl 2016). The Golgi—Cox solution

was prepared from 5% potassium dichromate, 5% mercuric
chloride, and potassium chromate in a 5:5:4 vol parts ratio

and filtered through filter paper. The solution was mixed in
a glass bottle and kept in the dark for at least 48 h before
being used to precipitate the formation. The developing
solutions included ammonia solution (3:1 ammonia:dd-
H,0), 5% Sodium thiosulfate, different concentrations of
ethanol (50%, 70%, 90%, and 100%) and xylene. For each
brain sample, 10 ml of the upper part of the Golgi—Cox
solution was put into a small bottle, and the samples were
incubated at room temperature for 7-10 days in the dark.
Then the brains were sliced into 100-pm-thick sections.
During the development phase, the slides were placed into
dd-H,O two times for 5 min each, and the process pro-
ceeded as follows; 5 min in 50 percent ethanol, 8 min in
3:1 ammonia, two times in dd-H,O for 5 min each, 10 min
in 5 percent sodium phosphate, two times in dd-H,O for
1 min each. After rinsing, the slices were washed with
distilled water and collected on clean, coated gelatin glass
microscope slides.

The mounted tissue was dehydrated in successive alcohol
baths of 70% (6 min), 95% (6 min), and 2 X 100% (6 min),
followed by 2 X 6 min in xylene solution. They were then
covered with coverslips and histological glue. After tissue
processing, the colored sections were evaluated using the
Nikon Eclipse 50i (40X magnification) light microscope
connected to a Nikon Ds fil camera. The number of spine
densities on each neuron per 100 pm was estimated. For
each group, three animals were selected, five slides were
analyzed, and, of all sections, a minimum of seven neurons
was selected on each rat. Then, the images were analyzed
with the ImageJ software. The shape of the soma, the pres-
ence of dendritic and axonal shafts, and no morphological
changes of neurons due to the staining procedure were the
main criteria for choosing neurons for analysis.

Cresyl violet (CV)

CV staining was performed to examine neuronal damage in
the hippocampus and frontal cortex following 14 consecu-
tive days of restraint stress. 5-pum sections from study groups
were loaded on albumin-coated slides and deparaffinized
with descending serial ethanol. Cresyl violet 0.1% (w/v) was
prepared by dissolving CV acetate powder (Sigma-Aldrich)
in distilled water, and glacial acetic acid was added to the
solution just before staining and filtering. Sections were
immersed for 5 min in CV 0.1% solutions, dehydrated in
serial ethanol, and mounted with coverslips and histology
glue (Li et al. 2011). Three animals in each group were used
for CV staining. We counted ten microscopic fields at least
in eight slides of each group, and the number of CV-positive
cells was reported as mean + SEM. The number of CV-pos-
itive cells in each region was counted per microscopic field
in 40X magnitude at Nikon Eclipse 50i light microscope.
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Statistical analysis

Data are shown as the mean + SEM for eight animals. All
data were analyzed using IBM SPSS statistics (version
24). All data were analyzed using one-way ANOVA, fol-
lowed by the Tukey post hoc test.

Results

In the EPM Tarooneh extract increases the time
spent in open arms and the percentage of entries
in the stressed animals

To evaluate anxiety-like behavior in the groups, the ani-
mals underwent an EPM on day 14 of the study. Statisti-
cal analysis showed that 14 consecutive days of restraint
stress significantly decreased the time spent in the open
arms (20.80+2.01, F(3,20)=20.23, P <0.0001), the
percentage of entries into the open arms (27.50 +2.86,
F(3,20)=20.02, P<0.0001), and increased head dip-
ping behavior frequency (5.33 +0.61, F(3,20)=8.82,
P =0.0006), compared to the control group (43.22 +1.32,
52.12+2.03, 2.83 +0.30, respectively).

The administration of Tarooneh significantly increased
the time spent in the open arms (36.72 +2.69, P <0.0001),
the percentage of entries into the open arms (42.83 +1.84,
P <0.0001), and decreased the frequency of head dip-
ping behavior (3.00 +0.36, P=0.0013) in stressed ani-
mals, compared to the stress group (Fig. 1). There were
no significant differences between the control, and
Tarooneh-treated animals with either of the combined
stress + Tarooneh-treated rats.

Tarooneh improves latency time, reduces errors,
and distance traveled in stressed animals
in the Barnes maze

On the tenth day of the study, rats underwent a Barnes maze
to evaluate cognitive impairment in learning and memory.
As shown in Fig. 2A, the latency time to find the target hole
on the fifth day of the task (probe test day) in the stress
group significantly increased (37.17 +2.16, F(3,20) =68.43,
P <0.0001) compared to the control group (8.50+0.76).
Administering Tarooneh for 14 consecutive days signifi-
cantly decreased the latency time to achieve the target hole
in stressed animals (16.67 £+ 1.49). The results showed that
the number of errors to find the target hole in the stress
group significantly increased (2.66 +0.42, F(3,20)=5.76,
P <0.0052) compared to the control group (0.66+0.33).
However, 14 days of administering Tarooneh significantly
decreased the number of errors (1.33 +0.33) (Fig. 2B).
Animals in the stress group had a significant increase in
the distance traveled to the target hole (95.17 +6.09,
F(3,20)=41.33, P<0.0001) compared to the control group
(39.83+2.73), and Tarooneh decreased the distance trave-
led (47.17 +3.34) compared to the stress group (Fig. 2C).
There was no significant difference between the control and
Tarooneh groups in Barnes maze tasks (P >0.05).

Golgi-Cox showed Tarooneh prevents spine
density loss in CA1 neurons and increases spine
density in frontal neurons and CA3 and DG regions
of the hippocampus in the stressed animals

Compared to the control group (11.00+0.85), 14 consecu-
tive days of restraint stress significantly decreased the spine
density (3.33 +£0.42, F(1.96,9.83)=16.38, P=0.0008)
in the CA1l neurons of the hippocampus. However,
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Fig.1 Tarooneh decreased anxiety-like behaviors in the chronic
restraint stress in the elevated plus maze. One-way ANOVA revealed
significant increases in the time spent in open arms (A), % of open
arms entries (B), and the number of head dipping within 5 min in the
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Tarooneh + stress group compared with the stress group. Values rep-
resent the mean+SEM. **** a5 P<(0.0001, *** as P<0.001, ** as
P=0.0000, ## as P=0.0013
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Fig.2 Effect of Tarooneh extract on chronic restraint stress-induced
spatial memory deficits in the Barnes maze task. A Mean latency
time to achieve the target hole, B the mean number of errors, and C

Tarooneh prevented this spine density loss in the stressed
rats (Stress + Tarooneh) (9.33 +1.11) and increased the
number of spines compared to the stress group (Fig. 3A).
The spine density of hippocampal CA3 neurons was sig-
nificantly decreased in the stress group (4.43 +£0.65,
F(1.81,10.86)=6.45, P=0.0158) compared to the control
group (8.28 +0.68). Administering Tarooneh decreased
the spine density loss in the pyramidal neurons in the CA3
region of the hippocampus (8.14 +0.8) (Fig. 4A). In the
DG region of the hippocampus, the number of spines sig-
nificantly decreased after 14 consecutive restraint stress
(3.00£0.51, F(2.45, 12.29)=9.97, P=0.0019) compared
to the control group (6.50+0.42). However, administering
Tarooneh enhanced the spine density in stressed animals
(Stress + Tarooneh) (5.33 +0.50) (Fig. 5A). In the frontal
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Fig.3 A Golgi—Cox staining showed that Tarooneh extract increases
neuronal spine density in the pyramidal CAl neurons after the
chronic restraint stress. B Exemplary photomicrographs of stained
neurons in the hippocampal CA1 neurons. (a) Control; (b) Stress;
(c) Tarooneh; (d) Stress+ Tarooneh groups. Three animals in each
groups were used for Golgi—Cox staining. Then the images were
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distance traveling in the probe day (day 5) of training sessions in dif-
ferent groups. Values represent the mean 6 SEM. **** as P <0.0001,
** as P<0.0052

cortex, chronic restraint stress significantly reduced the num-
ber of spines (5.83+0.47, F(1.83,9.17)=12.48, P=0.0027)
compared to the control group (11.50+0.76). Administra-
tion of Tarooneh increased spine density (Stress + Tarooneh)
(9.00 +£0.77) compared to stressed animals. In unstressed
animals, Tarooneh had no significant effects (11.5+0.71)
than the control and Stress + Tarooneh groups (Fig. 6).

Tarooneh increases the number of CV-positive cells
in the pyramidal layer of CA1 and frontal cortex
in the stressed animals

To evaluate the possibility of cellular damage in the hip-
pocampus after chronic restraint stress, histological analysis
of cresyl-violet (CV) staining was performed. Evaluation of

analyzed with the ImagelJ software. The number of spine density on
each neuron per 100 pm was estimated. For each group, three animals
were selected, five slides were analyzed, and, of all sections, a mini-
mum of seven neurons was selected on each rat. The scale bar repre-
sents 100 pm. All data are presented as mean+SEM. **P=0.0008,
*as a P<0.0052
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Fig.4 A Golgi—Cox staining
showed that Tarooneh extract
increases neuronal spine density
in the pyramidal CA3 neurons
after the chronic restraint stress.
B Exemplary photomicro-
graphs of stained neurons in

the hippocampal CA3 neurons.
(a) Control; (b) Stress; (¢)
Tarooneh; (d) Stress + Tarooneh
groups. The scale bar represents
100 pm. All data are presented
as mean+SEM. *P=0.0158 '6°\ & o‘éo &
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Fig.5 A Golgi—Cox staining
showed that Tarooneh extract
increases neuronal spine
density in the DG neurons after
the chronic restraint stress.

B Exemplary photomicro-
graphs of stained neurons in

the hippocampal DG neurons.
(a) Control; (b) Stress; (¢)
Tarooneh; (d) Stress + Tarooneh
groups. The scale bar represents
100 pm. All data are presented
as mean+ SEM. *P <0.05,
**P=0.0019
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Fig.6 A Golgi—Cox staining
showed that Tarooneh extract
increases neuronal spine density *
in the frontal cortex neurons 153
after the chronic restraint stress.
B Exemplary photomicrographs
of stained neurons in the frontal
cortex neurons. (a) Control;

(b) Stress; (¢) Tarooneh; (d)
Stress + Tarooneh groups. The
scale bar represents 100 pm.
All data are presented as
mean=+ SEM. *P=0.0027 >
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CV-positive cells showed that the 14 consecutive restraint
stress significantly reduced the number of neurons in the
pyramidal layer of the CA1 region (54.00 +2.35, F(1.70,
10.23)=21.19, P=0.0003) compared to the control group
(77.86 +2.82). However, administration of Tarooneh for
14 consecutive days increased the number of CV-positive
cells (73.00+3.43, P <0.05) compared to the stress group
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(Fig. 7A). The results showed that chronic stress signifi-
cantly reduced the number of CV-positive cells in the CA3
(59.86+3.50, F(1.53,9.30)=2.71, P=0.0065) (Fig. 7B), and
DG region (73.86+3.79, F(1.99,11.98)=7.82, P=0.0067)
(Fig. 7C) compared to the control group (74.86 +2.37
and 100.10 +2.85, respectively). Results revealed that
the 14 consecutive restraint stress significantly reduced

00 pm
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the number of neurons in the frontal cortex (47.00+3.21,
F(2.35,14.11)=25.64, P<0.0001) compared to the control
group. However, administration of Tarooneh for 14 consecu-
tive days increased the number of CV-positive cells in the
frontal cortex compared to the stress group (Fig. 7D).

Discussion

Chronic restraint stress is a common model of chronic psy-
choemotional stress and is used widely in neurobiological
research (Jangra et al. 2020). The brain is the key organ
of stress that determines threatening and stressful factors
and designs physiological and behavioral responses. Some
areas of the brain, including the hippocampus, amygdala,
and prefrontal cortex, respond to acute and chronic stress
by performing structural reconstruction, which changes
behavioral and physiological reactions (McEwen 2006). The
study investigated the effects of chronic restraint stress on
anxiety-like behavior, cognitive impairment, spine density,
and cell damage in rats, and the potential protective effects
of Tarooneh.

The results of the EPM test revealed that chronic restraint
stress significantly altered animals' anxiety-like behaviors
(the time spent in the open arm and number of entries to the
open arms decreased, and the head dipping behavior was
increased). Indeed, the present results indicated anxiety-
like behaviors after chronic restraint stress. In line with our
results, several studies report the relation between chronic
restraint stress and anxiety (Chiba et al. 2012; Moreno-
Martinez et al. 2022). After that, the effects of Tarooneh
on anxiety-like behavior in chronic stress were investigated.
The present results demonstrated that the administration
of Tarooneh significantly altered the anxiety-like behavior
in stressed animals. The administration of Tarooneh led to
a reduction in anxiety-like behavior, as evidenced by the
results of the EPM test. Specifically, rats spent more time in
the open arms and entered the open arms more frequently,
while the frequency of head dipping decreased. Hence,
treatment with Tarooneh produces an anti-anxiety effect
induced by chronic restraint stress. To our knowledge, there
is no study on the anxiolytic effects of Tarooneh in chronic
restraint stress.

Different studies indicate that chronic restraint stress
is involved in cognitive dysfunction (Huang et al. 2015;
Zhang et al. 2021). The results of the Barnes maze showed
chronic restraint stress-induced spatial memory impairments
(restraint stress increased latency time, number of errors,
and distance traveling in rats in the Barnes maze test) com-
pared to the control group, and treatment with Tarooneh
significantly prevented this impairment. To our knowledge,
there was no study on the effect of Tarooneh in improving
learning and memory in rodents.

The two main components of memory formation are the
hippocampus and the frontal cortex, which are connected
directly and indirectly (Place et al. 2016). Our results dem-
onstrated that chronic restraint stress causes damage to neu-
ral spine density and synaptic plasticity in the CA1, CA3,
and DG regions of the hippocampus and frontal cortex neu-
rons. Also, the results of this study revealed that chronic
restraint stress caused neural death in CA1, CA3, and DG
of the hippocampus and frontal cortex. Several studies indi-
cated that stress-induced impairment of the neural activity
of the hippocampus reduced synaptic plasticity and caused
cognitive impairment (Lesuis et al. 2019; Linnemann and
Lang 2020; Yan et al. 2021). Hippocampus has an important
role in controlling the behavior and processing of emotions
and cognition in response to anxiety, depression, and fear
conditions (Hernandes et al. 2021; Komleva et al. 2021).
Chronic stress causes synaptic loss and neural cell death
followed by neuropsychiatric symptoms, such as anxiety and
cognitive impairment (Scott et al. 2015; McEwen 2017). It
was reported that chronic restraint stress-induced cell death
and neurodegeneration in the hippocampus (Huang et al.
2015). In chronic stress, structural and functional changes
of hippocampal neurons are associated with dendritic reor-
ganization as well as changes in the density of dendritic
spines (Patel et al. 2018). In this study, we used Golgi—Cox
staining to establish the neuroprotective effects of Tarooneh.
The results showed that chronic restraint stress significantly
reduced the spine density in CAl, CA3, and DG regions
of the hippocampus as well as in frontal cortex neurons.
These results are in line with the other studies demonstrating
synaptic loss in chronic restraint stress (Patel et al. 2018).
Also, some studies indicate that chronic stress is responsible
for decreased dendritic arborization, hippocampal neuron
shrinkage, change in dendrite and dendritic spines shape,
and damage to neural plasticity (Schnell et al. 2012). Our
results showed that the administration of Tarooneh, for 14
consecutive days, significantly increased the spine density
in the CA1, CA3, and DG regions of the hippocampus and
frontal cortex in the rats under chronic restraint stress. These
results indicated the neuroprotective effects of Tarooneh and
their preventive effects on the synaptic loss of hippocam-
pus and frontal cortex neurons induced by chronic restraint
stress. Several studies support the observed neuroprotective
effects of date seed extract. For example, Kalantaripour et al.
revealed that treatment with date deed extracts attenuated
neuronal damage induced by middle cerebral artery occlu-
sion in male rats. They showed that treatment with date
seed extract could protect cortical neurons against cerebral-
induced injuries, probably due to its antioxidant properties.
Also, Yusuf et al. (2017) showed that the administration of
aqueous date extracts could improve the histology of lead
acetate-induced toxic effects in the cerebellum of Wistar
rats. To our knowledge, there are no studies evaluating the
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«Fig. 7 Quantitative analysis of neuronal damage in the different
groups in the A CAl, B CA3, C DG, and D frontal cortex regions.
All data are presented as mean=+SEM. *P<0.05, **P=0.0065,
*H% a5 P<0.0001, *¥** a5 P=0.0003, #P=0.0067. E CV staining
of the CA1, CA3, DG and FC (frontal cortex) regions in the differ-
ent groups. Three animals in each groups were used for CV staining.
Three animals in each groups were used for CV staining. We counted
ten microscopic fields at least in eight slides of each group, and the
number of CV-positive cells was reported as mean+ SEM. The scale
bars indicate 100 pm

effects of Tarooneh on neural arborization and synaptic
plasticity.

Finally, the study evaluated the possibility of cellular
damage in the hippocampus after chronic restraint stress and
found that Tarooneh increased the number of CV-positive
cells in the pyramidal layer of CAl and frontal cortex in
stressed animals. These results suggest that chronic restraint
stress can lead to cellular damage in the hippocampus, spe-
cifically in the pyramidal layer of the CAl region, CA3
region, DG region, and frontal cortex. However, the admin-
istration of Tarooneh appears to have a protective effect
against this cellular damage. Overall, the results suggest
that Tarooneh may have potential therapeutic benefits for
stress-related disorders by improving anxiety-like behavior,
cognitive impairment, and spine density loss, and reduc-
ing cellular damage. However, further research is needed
to confirm these findings and determine the mechanisms
underlying these effects.

Conclusion

The results of the present study suggest that Tarooneh may
be effective against neuronal damage induced by chronic
restraint stress by ameliorating changes in neuronal plastic-
ity at CA1, CA3, and DG hippocampal regions and frontal
cortex induced by chronic restraint stress and validated its
claim as a neuroprotective agent. These findings suggest
that Tarooneh extract can be a drug alternative for treating
many central nervous system disorders, such as cognitive
impairment and anti-anxiety drugs. However, these results
are preliminary to reach therapeutic application and require
further studies on safety profiles, the exact mechanism of
action, and the development of clinical trials.
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