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ABSTRACT

EEld e e hen Rl =5 Uncontrolled stress affects hippocampal-dependent memory through
altering the morphology and the proliferation rate of hippocampal progenitor cells.

Received: 08 Oct 2021 WS e IEGEEE In this experimental study, neural stem cells (NSCs) were isolated from the
Accepted: 19 Jan 2022 : hippocampus of newborn rats and cultivated in a serum-free medium to generate neurosphere.
Available Online: 01 Mar 2022 To confirm the induced NSCs, immunocytochemistry and antibody nestin were used. The rate of

cell proliferation and cytotoxicity caused by norepinephrine were measured by the MTT assay. NSCs
were assigned in the following groups: Control (untreated NSCs), norepinephrine (NSCs treated with
norepinephrine), propranolol (NSCs treated with beta receptor blocker propranolol plus norepinephrine),
prazosin (NSCs treated with Alfa receptor blocker prazosin plus norepinephrine), and propranolol/
prazosin (NSCs treated with both propranolol and prazosin plus norepinephrine). Real-time PCR was
conducted to measure the expression levels of Stk4, Caspase-3 and Sox2 genes.

5T The flow cytometry study revealed that NSCs were nestin positive. Real-time PCR results showed
that the expression level of Sox2 gene increased by norepinephrine. In addition, the expression level of

Keywords: Stk4 and Caspase-3 genes increased in the groups treated with prazosin.

Stk4, Caspase-3, Sox2, [@TEER The effect of norepinephrine on hippocampus-derived NSCs is receptor-dependent. The
Neural stem cells, :increase of norepinephrine under chronic stress can lead to either cell proliferation or apoptosis in NSCs;
Norepinephrine ©itacts as a double-edged sword.
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Extended Abstract
Introduction

tudies have shown that chronic stress chang-

es neuronal morphology reduce cell prolif-

eration rate in the dentate gyrus as well as

hippocampal volume. Stress activates the

noradrenergic locus coeruleus (LC), but its
precise mechanism has not been completely elucidated.
Different brain circuits are involved in interactions be-
tween corticotropin-releasing factor and norepinephrine
during stress. Norepinephrine, also called noradrenaline,
is an important catecholamine neurotransmitter which is
secreted in brain by LC. The amount of norepinephrine
reaches its highest level under stress conditions, and its
distribution throughout the mammalian brain is now
recognized as a contributor to various aspects of cogni-
tion, including attention and memory. Norepinephrine in
brain acts as neuromodulator and regulates the activity
of neuronal and glial cells in various ways. It modu-
lates some vital functions such as synapses plasticity,
memory, metabolic rate, and glutamate and potassium
balance. The glutamate and GABA receptors regulate
the proliferation of adult hippocampal progenitor cells.
Norepinephrine plays an important role in optimizing
and facilitating rapid changes in neuronal connectivity
and excitability. In fact, norepinephrine modulates many
physiological and pathological conditions in the several
pathways. Norepinephrine elicits its effects on two types
of adrenergic receptors, alpha (o) and beta (), and some
G protein-coupled receptors. There are at least two sub-
types of receptors in each class: al, a2, Bl and B2. In
the present study, we hypothesized that norepinephrine
stimulates proliferation or apoptosis of neural stem cells
(NSCs) through a and B adrenoceptors.

Methods

In this study, NSCs were isolated from the hippocam-
pus of rats aged 5-10 days, purchased from Razi Vac-
cine and Serum Research Institute. After anesthesia, their
brains were removed and collected tissues were exposed
to a solution of dispase II and accutase. Then cells were
put in T25 plastic flasks containing Dulbecco’s modified
eagle medium (DMEM)/F-12 enriched with neural stem
cell culture medium 2% B27, 20 ng/mL basic fibroblast
growth factor, 20 ng/mL epidermal growth factor, and
then incubated at 37°C in 5% CO2 for 6 days to form
neurospheres. To confirm the characteristics of NSCs,
immunocytochemistry and nestin antibody were used.
The NSCs in the third passage were used to analyze the
specific markers of NSCs/progenitors using flow cytom-
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etry method. For assessing the effect of norepinephrine
concentrations (0.1, 1, 10, 100 and 1000 uM), MTT as-
say was used. The cells were assigned to five groups:
Control (untreated NSCs), Norepinephrine (NSCs were
treated with optimum concentration of norepinephrine
for 2 hours), Propranolol (NSCs were treated with 2 uM
propranolol for 4 hours plus optimum concentration of
norepinephrine for 2 hours), Prazosin (NSCs were treated
with 0.1 pM prazosin for 4 hours plus optimum concen-
tration of norepinephrine for 2 hours), and Propranolol/
Prazosin (NSCs were treated with both propranolol and
prazosin for 4 hours plus optimum concentration of nor-
epinephrine for 2 hours). Real-time PCR was carried out
on cDNA prepared from experimental groups to quantify
mRNA levels of Stk4, Caspase-3 and Sox2 genes. Glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH) was
used as an internal control for normalization.

Results

During the first 24 hours after cultivation, cells had
a a clear appearance and spherical shape with clear
borders. On day 3, multipolar cell bodies with typical
neuron phenotype were developed. After the third pas-
sage, NSCs were placed in uncoated 6-well plates for
making neurosphere. After 24 hours, small spherical
colonies with clear borders were observed. There was
a significant increase in the diameter of cell colonies six
days after culture (219.71£15.40 um) compared to day 3
(139.914+6.66 pm) and 1 (45.40+4.46 pm). It seems that
some cells were separated from the primary colonies;
then, proliferated and formed secondary colonies. It was
found that the NSCs derived from colonies were highly
active in the production and secretion of Nestin. The
flow cytometry analysis showed that NSCs were nestin
positive (77.50%).

MTT assay was used to determine the optimal dose of
norepinephrine and its effect on NSCs. Norepinephrine
caused an increase in the number of living NSCs and
the proliferation rate in a dose-dependent manner. We
observed the increase of cell proliferation at 100 uM
concentration (180.44 = 6.32) after 2 hours of exposures
to norepinephrine and after 24 hours in the serum-free
DMEM/F12 medium. Therefore, 100 uM of norepi-
nephrine was considered as the best dose for further
studies.

The results of Real-time PCR showed that treatment
with norepinephrine significantly increased the expres-
sion of Sox2 gene (290.88+24.56) in the control group
compared to other experimental groups (75.47+10.93,
126.36+13.06, and 138.1547.30 for propranolol, prazo-
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sin, and propranolol/prazosin groups, respectively). In
addition, a significant increase in the xpression of Stk4
(8.19+0.94) and Caspase-3 (8.30+0.93) genes were ob-
served in the groups with prazosin, as a selective antago-
nist of al adrenergic receptor.

Discussion

The current study was conducted to evaluate the effect
of norepinephrine on the proliferation or apoptosis of
NSCs by considering the importance of o and B adren-
ergic receptors. We found that norepinephrine activates
the proliferation of hippocampus-derived NSCs through
both o and B adrenergic receptors (especially B adrener-
gic receptor). Significant increase in the expression of
Stk4, as pro-apoptotic gene, and Caspase-3 gene were
observed by blocking o adrenergic receptor. It should be
mentioned that we defined a novel role for f adrenergic
receptors in induction of apoptosis by norepinephrine.
To the best of our knowledge, this is the first report on
induction of apoptosis by [ adrenergic receptor.

Norepinephrine is secreted by specific brain cells un-
der stressful conditions. The effect of norepinephrine on
hippocampus-derived NSCs is receptor-dependent. Re-
garding the effect of norepinephrine on cell proliferation
and neurogenesis, it can be said that individuals who
live under stressfull conditions are more intelligent than
those living with no stress; however, hyperexcitability
of hippocampal neural cells can lead to apoptosis and
impaired memory. Therefore, stress and, consequently,
norepinephrine secretion act like a double-edged sword.
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