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ABSTRACT

OBJECTIVE: Cerebrospinal fluid (CSF) contains proliferation, differentiation and maturation signals that

are essential factors for brain development. Due to presence of such factors this fluid has proliferative and
differentiation potential. A previous study showed that maternal sleep deprivation (MSD) decrease the number
of newborn neurons in development of hippocampus. Also, it impairs hippocampus-dependent spatial learning
and memory in the young offspring rat. MSD can change CSF factors. In the present study, the effect of
MSD-CSF on differentiation of mesenchymal stem cells to neural cells was examined, and expression of
Nestin, Neun, and NeurD1 that are neurogenic markers was investigated.

MATERIAL AND METHODS: In this study, bone marrow mesenchymal stem cells were aspirated from

the femur and tibia of young male Wistar rats. Then cell suspension was cultured in DMEM medium
supplemented with 10 % FBS and 1 % antibiotics. Pregnant rats were subjected to sleep deprivation for 6

h by gentle handling during 4th, 7th, and 18th day of pregnancy. CSF was collected from cisterna magna of
neonate rats. CSF was added to culture media with a 5 % ratio (v/v). Then cell viability was determined with
MTT assay. Total cellular RNA was extracted, cDNA was synthesized and NeuN, Nestin, NeuroD1 and IL-6

genes were analyzed by Real-time PCR.

RESULTS: Real time-PCR analysis showed that expression of Neun and NeurD1gene decreased compared
with culture in normal CSF (N-CSF), and also showed that expression of Nestin did not decrease,
inflammatory gene (IL-6) showed high expression compared to culture with N-CSF.

CONCLUSION: Based on our results, MSD-CSF could inhibit neurogenesis process in mesenchymal

stem cells and also, this result suggests that MSD can suppress neural differentiation and decrease of
neurogenesis gene expression. Overall these findings suggest that insomnia and sleep loss may active
inflammatory responses in the brain and change CSF-markers (Fig. 3, Ref. 34). Text in PDF www.elis.sk.
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Introduction

Cerebrospinal fluid (CSF) contains a variety of pro-growth
factors that can induce proliferation and differentiation of mesen-
chymal stem cells (MSCs) into neural cells, this suggests that CSF
is a suitable inducer for neural stem cell (NSC) and can nourish the
nerve cell. This research can be a reference for wide clinical appli-
cation of NSCs in the future (1). Our group had similar observation
in our previous studies, and the same effect was also showed that
CSF contains several factors such as transforming growth factor-§3
(TGEF-B), nerve growth factor (NGF), brain derived neurotrophic
factor (BDNF), neurotrophin-3 (NT-3), insulin-like growth factor
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(IGF), hepatocyte growth factor (HGF), and cytokines (2), RA (3),
which regulate the survival, proliferation, and differentiation of the
neuroepithelium (2). Other study showed that CSF can induce dif-
ferentiation of umbilical cord blood mesenchymal cells into neural
cells (4). There is some discussion about the timing of formation
and the effectiveness of different barrier systems within the brain.
It is accepted that neural stem cells are in direct contact with CSF
during most of the development stages (3). Although CSF factors
encourage the proliferation and differentiation of MSCs into nerve
cells, on the other hand, several studies suggested that CSF contains
inhibitory element, which can suppress the differentiation of stem
cellsinto nerve cell (1, 5). This fluid component is not fixed, can be
altered by pathological state of central nervous system and promote
these inhibitory components (6). One of the pathological states
is sleep deprivation. Brain gene expression is generally changed
during sleep and wakefulness in both vertebrate and invertebrate
and also in rat long-term sleep deprivation causes cellular stress
for neurons and glial cells and triggers a dramatic physiological
change that leads to death after 2-3 weeks (7). Based on the above
information, sleep deprivation can change CSF biomarkers in Al-
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zheimer disease and shows that CSF orixitin increase underex-
posed SD induced (8). Sleep deprivation changes physiological
and psychological behavior. Also, induced changes are associated
with metabolic syndrome (diabetes), hormonal changes affecting
hypothalamic-pituitary-adrenal axis (9, 10) and increased levels of
pro-inflammatory cytokines (9, 11). Sleep loss can have effects on
health and have been shown to be a risk factor for several diseases
(12, 13). Sleep deprivation leads to severe physical changes (14)
such as debt in attention, cognition, immune function, metabolism,
mood, and cardiovascular function (12). Sleep deprivation effects
are not limited to psychological change, they also influence human
brain. Fifel and coworker have shown the impact of sleep depriva-
tion on neuronal activity in four hypothalamic areas (15). Other
investigations have shown that sleep deprivation impairs synaptic
tagging in mouse hippocampal slices (16), and decreases neuronal
excitability and responsiveness in rats (17). It is proved that sleep
deprivation effects neuro-endocrine hormones in women during
puberty, pregnancy and menopause cycle (18). Previous studies
have shown that 84% of pregnant women have sleep disturbances
and sleep deprivation in pregnant woman is a serious threat for
newborn health, so that body weight of newborn effected by mater-
nal sleep deprivation is low compared to control group (18). Also,
anxiety disorders in offspring rise by MSD induction (19). Chang
and coworkers reviewed the effect of MSD on maternal and fetal
health and they reported that MSD can elevate the spontaneous
preterm delivery (18). Recent assays exhibited that maternal sleep
deprivation (MSD) inhibits adult hippocampus neurogenesis and
impairs hippocampal dependent spatial learning and memory in
young offspring rats (14). Although previous studies demonstrated
that maternal sleep deprivation induced an alteration in offspring
behavior (19), sexual behavior in F1 offspring (20) and impair in
hippocampal long-term potentiation (LTP) that leads to memory
deficit in young offspring rats (14). The effects of sleep depriva-
tion at different stages of pregnancy and experimental offspring
CSF on neurogenesis have not been extensively studied. The cur-
rent study was designed to examine the effects of maternal sleep
deprivation (MSD) by gentle handling in rat on differentiation of
mesenchymal stem cells (MSCs) in presence of neonates brain
CSF to neural lineage.

Materials and methods

All experiments were performed following an ethical review
by the animal use committee of the University of Kharazmi. Wis-
tar rats were bred in animal house of the Department of Biology,
Kharazmi University. They were kept in rat boxes at constant tem-
perature of 25 °C and 12 hours light/dark cycle with free access
to food and water. Individual male and female rats were mated in
cages and checked regularly for observation of a vaginal plug to
determine embryonic day 0 (E0).

Sleep deprivation induction

Sleep deprivation was induced using a modified small-platform
method. Pregnant Wistar rats for sleep deprivation were individu-
ally housed in the experiment device by two platforms, platforms

were 2cm above the water level. The rats fell into the water if
they lost muscle tone, forcing them to claim back on the platform
and remain awake. All pregnant rats were in platform for 8 hours
three times during pregnancy (4th—7th—18th day) and deprived of
REM and NON-REM sleep. All rats had free access to food and
water. After sleep deprivation the pregnant females were put back
to their room individually (14).

Collection of CSF

Samples of CSF were collected from the cisterna magna of
newborn rat (1 day) using glass micropipettes and capillary action
without aspiration. Aspiration invariably resulted in bleeding and
contamination of the samples. Offsprings were positioned with
heads flexed down onto the chest to allow penetration into the
cisternal cavity through the skin and underlying muscle. Samples
containing undesirable blood contamination were discarded. All
samples were collected into sterile microtubes and centrifuged at
14,000 RPM to remove cells or debris from the fluid, and the su-
pernatant was transferred into another sterile tube. These samples
were stored at —80 °C until use. The volume of CSF collected from
each offspring was between 5 and 50 pl and samples were pooled
for each experiment (2).

Bone marrow stem cells culture and in vitro tests

Bone marrow stem cells were aspirated from the femur and
tibia of young male rats (100—120 g animals) by flushing method.
Then cell suspension cultured in DMEM was supplemented with
FBS and antibiotics. The cultures were kept in a humidified incu-
bator with 5 % CO, and maintained at 37 °C. Stem cells cultured
medium was refreshed in a 2/3 ratio every 2 days. The cultures
were divided into three groups for study. Control: No CSF expo-
sure, N-CSF: exposure to normal offspring CSF, MSD-CSF: ex-
posure to offspring CSF by mother under sleep deprivation. For
tests, 100Ml of cells at 4x10* cells/ml (4000) cell/well) in culture
medium were plated into poly-D- lysine coated 96-well plates and
cultured in a DMEM without serum for 24 hours and then supple-
mented with CSF (5 % v/v) for 7 days. After one week, cells were
photographed and then prepared for morphological examination
and Real time-PCR.

Cell viability assay

Cell viability and/or proliferation was quantitatively deter-
mined by the MTT assay. Exposing cells to any new factors may
affect cell survival. The cytotoxicity of added factors depends on
the dosage. A different study has shown that even a high dose of
an inducer might have a cytotoxic effect on cells (2, 21, 22). We
examined effect of MSD-CSF dosages on cell viability by MTT
method using a colorimetric assay in control and medium by
N-CSF and MSD-CSF. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide), is a yellow tetrazolium dye that
responds to metabolic activity. Reductive enzymes in living cells
reduce MTT from a pale yellow color to dark blue formazan crys-
tals. In 24-well plates, cells were seeded at 7x10*cell/well in 500
ul DMEM without FBS. As described above, cells were treated
with a solution of five mg/ml MTT and incubated. After 2h at 37
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Fig. 1. Survival and/or proliferation of rat BMSCs with MSD-CSF
treated by MTT assay. Data are expressed as a percentage of control
(culture without CSF treat). BMSCs cultured with 5 % MSD-CSF had
significant viability and proliferation compared to control. Values are
presented as mean = SD (n = 8) * p < 0.05, ** p < 0.01

°C crystals were dissolved in Triton X-100 10 %. Absorbance was
read at wavelength of 570 nm.

Measurement of neuritis length

Cells in each culture were photographed with a phase-contrast
microscope to visualize outgrowths from the cells and sizes of
neurons were evaluated by Image J software.

RNA extraction and RT-PCR analysis

Total cellular RNAs exposed with normal and MSD-CSF BM-
SCs culture were isolated using RNA extraction kit (Qiagen, Ger-
many (Qiagen is a provider of sample and assay
technologies for molecular diagnostics, applied

forward and 5"-ATGAGGTCCACCACCCTGTT-3" reverse were
used for amplification of GAPDH as an internal animal control,
giving a product size of 443 bp. Fold change in RNA levels was
calculated using the AA Ct method (relative quantitation), and 18S
rRNA expression was used as an internal control.

Statistical analysis

All values were expressed as mean + error of the mean (SEM).
Statistical analysis was performed using the one-way ANOVA
and Tukey test. A level of p < 0.05 was considered statistically
significant

Results

Effects of maternal sleep deprivation CSF (MSD-CSF) on sur-
vival and proliferation of BMSCs

The dose-effect of MSD-CSF on rat BMSC was assessed by
MTT analyzes. MTT assay was used to quantify cell proliferation
and viability. The cells were cultured by MSD-CSF for 72 h by 5-7
10 % V/v dosage. As shown in Figure 1 cell by 10 % treatment
indicated remarkable cytotoxicity under MSD-CSF.

Effect of MSD-CSF on the proliferation and differentiation of rat
BMSCs

We evaluated the influence of sleep deprivation at different
stages of pregnancy days 4,7,18 on proliferation and differentia-
tion of BMSCs treated by offspring CSF. We first cultured BM-
SCs in medium supplemented. We aimed to demonstrate that off-
spring CSF has a direct role in neurogenesis, so we add normal
CSF to BMSc for 72 h (Fig. 2A) when these cells were cultured
by medium supplemented with normal CSF, we observed neural

testing, academic and pharmaceutical research))
on the basis of protocol instruction. Total RNA
was reverse-transcribed to cDNA using the cDNA
synthesis kit (Qiagen, Germany). RT-PCR was
performed 1 cycle reverse transcription at 95 °C
4 min, and 35 cycles as denaturation at 94 °C for
30 s, annealing at 59 °C for 30 s, extension at 72
°C for 30 s and 1 cycle 5 min at 72 °C. The values

were normalized against GAPDH internal control
gene. The primer sequences were as follow:
NeurD1 5°CCTACTCCTACCAGTCCCCT3’
as the forward primer and 5> CAAACTCG-
GTGGATGGTTCG3’ as reverse primer; nestin
5’GTTTTGGGTAAGAG CTGGCC3’ as forward
primer and 5’TCCTGTCCTAGCCCCATACT3’
as reverse NeuN; 5’AGCTGAATAT-
GCCCCACCTC3’ as forward primer and GGTG-
GAGTTGCTGGCTATCT as reverse primer.
IL-6 5’GTCAGGGGTGGTTATTGCAT3’ as
forward primer and 5’AGTGAGGAACAAGC-
CAGAGC3’ as reverse. And oligonucleotide
5"-ATCACTGCCACCCAGAAGA-3" as GAPDH
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Fig. 2. The effect of N-CSF and MSD-CSF on
B: N-CSF (5 % v/v) BMSCs treated cells, C: MSD-CSF (5 % v/v) BMSCs treated cells
and MSD-CSF (10 % v/v) BMSCs treated cells. As shown, N-CSF induced neurite
outgrowth and neural differentiation meanwhile MSD-CSF (5 % v/v) didn’t exhibit
significant anti-proliferative and differentiation effects. In addition, MSD-CSF (10 %
v/v) induced significant toxicity on BMSCs cells. x400
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Fig. 3. An effect of BMSD-CSF on Nestin. Nestin gene enhancer activity in neural stem/progenitor cells. BMSD-CSF cannot decrease expression
of Nestin gene. Data are mean *** p <0.001. B and C. Effect of MSD-CSF on expression of Neun and NeurD1. Significant differences between
cultures by MSD-CSF treat were detected compared with control group. Data are mean ***, p < 0.0001. D. Inflammatory gene. Expression of
IL-6 in culture with MSD-CSF. Data are mean ***, p < 0.001 compared to control culture. The data are represented as the mean + SEM (n =8).

cell line differentiation (Fig. 2B). In contrast, when rat BMSCs
treated by MSD-CSF extract from offspring Cisterna Magna,
BMSC differentiation and maturation were decreased surpris-
ingly (Fig. 2C).

gRT-PCR analyze

As Nestin, NeuN, NeurD1 are relatively genes on CNS prolif-
eration, differentiation and maturation they present in neural cells
we employed a qRT-PCR test to detect expression of them in rat
BMSC:s culture. In this study, Real-time PCR assay was used to
demonstrate the differentiation of mesenchymal cells to neural
cells. The result revealed that MSD-CSF can induce the prolifera-
tion of BMCSc and expression of Nestin was up-regulated (Fig.
3A). However, NeuN and NeurD1 were down-regulated in MSD
group. We examined whether the addition of MSD-CSF, isolated
from offspring could modify proliferation and differentiation in
BMSc. Based on pervious study and differentiation of MSCs to
neuroprogenitor cells through exposure to CSF, we found that ad-
dition of MSD-CSF significantly decreased neural differentiation
(Fig. 3) *** p < 0/001. MSD-CSF strongly reduced NeuN and
NeurD1 expression compared with control group.

MSD-CSF increased expression of the inflammatory gene in
MSCs culture

IL-6 is one of the inflammatory cytokines. Figure 3D shows
an increase of IL-6 gene expression during underexposure with
MSD-CSF compared to control. To determine the changes in pro-
inflammatory cytokine gene expression that might be a response to
sleep deprivation, these results suggest that MSD-CSF may play
an important role in up-regulating inflammatory cytokines. We
performed gene expression profiling using RT-PCR assays. Data
analysis showed significantly up-regulated IL-6 (p <0.0001 ***).

Discussion

Examination of sleep deprivation during human pregnancy is
almost impossible (14). Therefore, the present study was designed
to consider the effect of MSD-CSF on neurogenesis. In our previ-
ous study, we elucidated the direct influence of Embryonic-CSF
and fetal-CSF on neurogenesis activity (23, 24). This research
work is the first report of influence of MSD-CSF in BMSCs cul-
ture (in Vitro). According to our previous study we demonstrated
cisternal CSF contains neural proliferation, differentiation and
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maturation signals (2). This study is based on qRT-PCR assay,
we showed that MSD attenuated the expression of differentiation
and maturation of genes (NeurD1, Neun) as compared with con-
trol groups (Fig. 3B, C). NeuN is a post-mitotic neuron marker
that is highly conserved in different species (25). NeuN is a useful
marker of mature neurons and causes neurogenesis in stem cells
(26). This marker is required for hippocampal circuit balance and
function (27). NeurD1 is essential for survival and maturation
of adult-born neurons (28). NeurD1 is expressed in late stage
of neurogenesis and plays an important role in differentiation,
maturation and survival of neurons (28). Nestin is a neural stem/
progenitor cell marker that appears during development of the
central nervous system (CNS), and it was defined as a class VI
intermediate filament protein (29). Therefore, we can not assign a
significant decrease in proliferative stage (Nestin expression) (Fig.
3A). Nestin is generally recognized as a marker protein of undif-
ferentiated CNS cells (29, 30). Other study showed that the neural
stem/progenitor cell marker Nestin is expressed in proliferative
endothelial cells, but not in mature vasculature (29). It would be
of great value to test MSD-CSF and consider its effect on differ-
entiation of rat BMSCs to neuronal, this suggests that maternal
sleep deprivation may only decrease differentiation and matura-
tion of BMSCs to neurons but not proliferation of MSCs. This
can be due to changes in CSF biomarkers, which is not consistent
with a previous report that 5-8 consecutive nights of partial sleep
deprivation (PSD) had no effect on CSF biomarkers for neuronal
injury and astroglial activation (8). Given this controversy, further
studies are required to identify a modified CSF markers inducing
total sleep deprivation. There is also evidence that revealed signif-
icant effects of sleep deprivation are changes in gene expression,
which can alter neuronal function. Sleep deprivation influences
the immediate early genes and up-regulates expression of them.
Costa and Ribeiro (31) reported that gene expression and protein
level of neurotrophic factors are affected by sleep deprivation. In
addition, sleep deprivation can change expression of genes related
to protein synthesis and level of serum protein changes after sleep
deprivation (31). Thus alteration of gene expression induced by
MSD in the present study may contribute to decreased differen-
tiation of BMSc to neural cells. Previous studies demonstrated
that MSD inhibits hippocampal neurogenesis associated with
inflammatory response in young offspring rats (32). It has been
documented that prenatal stress impairs hippocampus dependent
spatial memory (33). Further, recently it has been shown that
maternal stress leads to memory deficits and disability of hippo-
campal synaptic plasticity in the offspring (32). Thus the effect of
critical stress resulting from total sleep deprivation (TSD) can be
caused by IL-6 up-regulation. In consistence with this result, we
indicated that MSD increases expression of IL-6 as inflammatory
marker (Fig. 3D). Interleukin 6 (IL-6) is one of cytokine family
that contributes to inflammatory response. Secretion of inflamma-
tory cytokines plays a central role as modulators of NSC niches
in different processes (34). SD increases levels of inflammatory
markers such as IL-6/ IL-2/ IL-1/ TNFa and c-creative protein
(34). It elucidated that pro-inflammatory cytokines IL-1B, IL-6,
TNFa were increased after MSD induction (32). In addition, more
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recent researches revealed that long-term sleep deprivation trig-
gers a stress and inflammatory response in the brain and changes
in brain stress-related gene expression (31). Cireli and coworkers
have shown that after short-term and long-term sleep depriva-
tion, a number of genes are down-regulated, for instance myelin
protein (7), on the other hand stress leads to gene up-regulation
(31). Notably, although we used gentle handling that minimizes
stress to perform maternal sleep deprivation three times during
pregnancy (4th-7th-18th day of pregnancy), it may be a stress-
ful procedure. In full agreement with this finding, we report that
maternal sleep deprivation at the different stages of pregnancy
displays a down-regulation of NeurD1, NeuN and up-regulation
of Nestin and IL-6 gene expressions.

Conclusion

In the present study, we investigated for the first time the ef-
fect of MSD on newborn CSF and effect of MSD-CSF on BM-
SCs neural differentiation. We showed that MSD can suppress
neural differentiation and decrease neurogenesis genes. Overall
these findings suggest that insomnia and sleep loss may activate
inflammatory responses in the brain and change CSF-marker.
Future studies will be required to determine the most important
CSF-marker that is changed by MSD and detailed mechanism of
action of MSD-CSF on neurogenesis.
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