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Abstract: Objective: To observe the effects of valproic acid (VPA) on the differentiation of endogenous neural stem
cells of the hippocampus in rats. Methods: Hippocampus primary neural stem cells (NSCs) of newborn rats were
prepared according to the methods of trypsin digestion combined with mechanical dissociation. The expressions of
Nestin and Brdu proteins were identified by immunofluorescence. The neurospheres were exposed to a differentia-
tion media and added into 250 uM (Group B), 500 uM (Group C), | mM (Group D) VPA respectively for 7-day induc-
tion. The positive rate of neuron specific enzyme (NSE) and glial fibrillary acidic protein (GFAP) positive cells were de-
tected by immunofluorescence, and the amount of NSE and GFAP proteins were detected by Western blot. Results:
NSCs were able to express Nestin, and had the ability to differentiate into neurons and astrocytes. Compared with
the control group, the number of NSE positive cells in the other 3 groups significantly increased (P<0.05), and the
number of GFAP positive cells significantly decreased (P<0.05). With the increase of the concentration of VPA,
the number of positive NSE cells gradually increased (P<0.05), and the number of GFAP positive cells decreased
gradually (P<0.05). Compared with the control group, the relative expression of NSE protein significantly increased
in the other 3 groups (P<0.05), and that of GFAP protein significantly decreased (P<0.05). With the increase of the
concentration of VPA, the relative expression of NSE gradually increased (P<0.05), and that of GFAP gradually de-
creased (P<0.05). Conclusion: NSCs which derived and cultivated from newborn rats’ hippocampus, by mechanical
digestion, have perfect proliferated effects. VPA can apparently accelerate the differentiation of neural progenitor
cells, interfere with the orientation of differentiation, significantly promote neuronal differentiation and inhibit dif-
ferentiation of astrocytes.
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Introduction proliferation of NSCs and affect the survival,
division and cell cycle of NSCs [1-4].

Neural stem cells (NSCs) are common in cen-

tral nervous systems of mammals, which main-
ly distribute in the hippocampus, striatum, sub-
ventricle zone, olfactory bulb, as well as cere-
bral cortex and spinal cord during development
[1, 2]. NSCs are a kind of cell population with
the ability of multidirectional differentiation
and proliferation. The nerve cells formed by the
differentiation from NSCs in the hippocampus
have the functions of learning and memorizing.
Studies have indicated that many factors such
as teratogen, cytokines, growth factors, etc.,
can lead to the change of differentiation and

Clinically, Valproic acid (VPA) is commonly used
as one of the broad-spectrum anti-epileptic
drugs at present, with certain neurotoxicity [5,
6] and if used in the embryonic stage, there
exist possibilities of complications such as de-
velopment delay and cognitive disorder of chil-
dren. However, some scholars suggest that epi-
leptic pregnant women should be cautious but
not be prohibited from using VPA, due to the
good effects of VPA and greater adverse effects
of other anti-epileptic drugs. But, whether VPA
can truly influence the differentiation of NSCs in
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the embryonic stage, how strong its neuroto-
xicity is and its mechanism still have contro-
versies.

By cultivating NSCs of the rats’ hippocampus
isolated in vitro and then inducing its differen-
tiation, this study researched the effects of VPA
on the differentiation of NSCs during the pro-
cess of differentiation, providing the experi-
mental basis in vitro for the VPA’'s promotion of
differentiation of nerve cells.

Materials
Laboratory animals

Sprague-Dawley (SD) neonatal rats of 3 d old
were provided by the Department of Laboratory
Animal Science of Shanghai Jiao Tong University
School of Medicine. Animals were put to death
in accordance with the ethical and moral stan-
dards of animals.

Main equipment and materials

DMEM/F12 culture medium (Gibco, USA), Fetal
bovine serum (Sigma, USA), basic fibroblast
growth factor (bFGF) (Sigma, USA), B-27 SUP-
PLEMENT W/O VIT A (Invitrogen, USA), mouse
anti-rat BrdU monoclonal antibody (Chemicon,
USA) and GFAP monoclonal antibodies (Gibco,
USA), rabbit anti rat Nestin antibody (Sigma,
USA) and NSE monoclonal antibodies (Gibco,
USA), goat anti-rabbit red fluorescent second-
ary antibody TRITC, goat anti-mouse green fluo-
rescently labeled secondary antibody FITC (Ab-
cam, USA) and 4,6-diamidino-2-phenylindole
(DAPI) (Chemicon, USA), Valproic acid (Sigma,
USA).

Super Clean bench (Shanghai Instrument &
Equipment Factory, China); cell culture incuba-
tor (Invergon, USA); Automatic balance micro
centrifuge (Shanghai Instrument & Equipment
Factory, China); inverted phase microscope (Ni-
kon, Japan); fluorescence microscopy (Olym-

pus).
Methods

Separation and cultivation of neural stem cells

After being sterilized with 75% alcohol, the rats
of 3 d old were killed to collect their hippocampi
were removed under sterile conditions and cut
by ophthalmic scissors in the medium. After the
above, the samples were filtered by 200 mesh
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strainer and then centrifuged of 3000 r/min for
15 min (centrifugal radius of 6 cm). Then, super-
natant was discarded. In the culture medium,
re-suspended cells in the medium were cul-
tured under the condition at 37°C and 5% CO.,,.
Lastly, the medium was changed once every 2
d and passaged once every 5 d.

Identification of neural stem cells

Neurospheres kept in primary culture for 7 d,
were inoculated on glass slide with polylysine.
After that, keep incubating neurospheres under
the condition at 37°C and 5% CO,, for 2 h. Then
the neurospheres were washed twice by PBS
and fixed by 4% paraformaldehyde for 20-30
min. Perform rupture of membrane with 0.2%
Triton-100 and then block by goat serum. Neu-
rospheres were washed, added into Nestin first
antibody (1:100) and BrdU first antibody (1:100)
in order, and then incubated at 4°C overnight.
On the second day, rewarm for 20 min at room
temperature and wash four times by PBS for 5
min. Then the slides were incubated at 37°C
for 40 min after the red fluorescent secondary
antibody TRITC (1:200) was added. After that,
the samples were washed four times by PBS for
5min again and added into green fluorescently
labeled secondary antibody FITC (1:200), then
they were incubated at 37°C for 40 min. After
that, wash the slides four times by PBS for 5
min for the third time. Eventually, use Olympus
inverted phase contrast fluorescence micro-
scope to observe and photograph.

The induced differentiation and drug interven-
tion of neural stem cells

Extract neural stem cells which have passaged
three times to prepare single cell suspension
after five-minute centrifuge at a speed of 1500
r/min. And inoculate cells into 24-well culture
plates with density of 1*10%/ml. Each well con-
tained 100 ul. And divide single cell suspension
into 4 groups based on different inducers. The-
re were 4 groups including Group A, which was
considered as the control group (neural stem
cells medium and 10% fetal bovine serum),
Group B (neural stem cells medium and 250
MM VPA), Group C (neural stem cells medium
and 500 uM VPA); Group D (neural stem cells
medium and 1 mM VPA). Culture at 37°C, 5%
CO, and replace medium every two days. Ob-
serve the morphological changes of cells every
day and detect the index of differentiation after
7dand 14 d.
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Figure 1. Morphological observation of NSCs (400 x). A: Primary culture of neurospheres for 5 d; B: Primary culture
of neurospheres for 7 d; C: Adherent culture of neurospheres for 24 h; D: Adherent culture of neurospheres for 5 d;
E: Adherent culture of neurospheres for 7 d; F: Induced differentiation of neurospheres for 14 d.

Figure 2. Expression of Nestin and Brdu proteins in the neurospheres (400 x). A: Nestin protein is shown in red
fluorescence; B: Brdu protein is shown in green fluorescence; C: Combined picture A with picture B.
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Figure 3. Effects of different concentrations of VPA on the differentiation of NSCs (200 x). A: Control group; B: 250
UM Valproate acid; C: 500 u Valproate acid; D: 1 mM Valproate acid.

Figure 4. Expressions of NSE and GFAP in NSCs cells (400 x). A: NSE protein is shown in red fluorescence, and the
nucleus is shown in blue fluorescence; B: GFAP protein is shown in green fluorescence, and the nucleus is shown
in blue fluorescence.

Detection of expressions of differentiated cells
NSE and GFAP by immunofluorescence tech-
nique

Differentiated cells which have incubated for 7
d and 14 d, were washed twice by PBS and
fixed by 4% paraformaldehyde for 20-30 min.
Then perform rupture of membrane by 0.2%
Triton-100 and block by goat serum. After wash-
ing the cells, add NSE and GFAP first antibody,
red fluorescent secondary antibody TRITC (1:
200) and green fluorescently labeled second-
ary antibody FITC (1:200) respectively. And
incubate for 1 hour at 37°C and 5% CO,,. After
being washed three times by PBS, cells were
incubated with 50 pg/ml DAPI for 20 min at
room temperature. Wash three times by PBS.
Adopt Olympus inverted phase contrast fluores-
cence microscope to observe and photograph.
Count the amount of NSE and GFAP positive
cells with blind stereoscopic counting. Choose
4 non-overlapping visual fields randomly at
400-fold magnification to count the amount of
positive cells and then take the average.

Analysis of the expressions of NSE and GFAP
proteins by western blot

Extract total proteins of cells from 4 groups,

100 pg of which were performed electrophore-
sis. The transfer-membrane current of NES was
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150 mA for 90 min and that of GFPA was 200
mA for 110 min. Then block at room tempera-
ture for 2 hours with 5% skimmed milk. After
that, incubate at 4°C overnight with first anti-
body NSE (1:150) and GFAP (1:250), respec-
tively. Wash the membranes three times by
scrubbing solution and incubate for 2 h on sha-
ker with horseradish peroxidase labeled sec-
ondary antibody. Color exposure appeared af-
ter washing with scrubbing solution. Use Gene
Genius Bio Imaging system to collect image
and use BandScan to analyze optical density
signal of the bands.

Statistical methods

Use SPSS16.0 statistical software for statis-
tical analysis. All of the data were in normal
distribution. Adopt X*s to express data which
consistent with normal distribution. F test was
used in 4 groups and x? test was used for com-
parison of the positive ratio of cells. a=0.05
was considered as test level. P<0.05 was con-
sidered statistically significant.

Results
Culture and identification of NSCs
The border of the neurospheres cultured in ser-

um-free medium was clear with strong refrac-
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Table 1. Positive expression rates of NSE and
GFAP in each group were higher than those in
the control group (X s, %)

Group NSE GFAP
Group A 36.918.4 56.2+11.6
Group B 44.6+7.9" 40.8+£10.5"
Group C 59.7+10.2"# 34.149.4"#
Group D 60.1+10.7"# 32.8+9.7"#
F 38.28 40.17
P <0.05 <0.05

“Compared with the control group, P<0.05; “compared
with other dose groups, P<0.05.
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Figure 5. Analysis of the protein expressions of NSE
and GFAP by western blot.

Table 2. Relative expressions of NSE and
GFAP proteins in each group (X s, %)

Group NSE GFAP
Group A 0.308+0.012 0.409+0.021
Group B 0.359+0.015" 0.385+0.017"
Group C 0.437+0.022"*  0.351+0.025"#
Group D 0.446+0.019"*  0.311+0.018"#
F 25.09 29.64

P <0.05 <0.05

“Compared with the control group, P<0.05; “‘compared
with other dose groups, P<0.05.

tion and the expressions of Nestin and Brdu
proteins were positive. When the neurospheres
were added to fetal bovine serum to induce dif-
ferentiation, they adhered rapidly and the mar-
ginal cells migrated outward. After 5-6 d, the
cells were further pleomorphic differentiated.
After 14 d of induced differentiation, the cells
in the neurospheres gradually moved out and
they spread and formed extensive connections
with each other. The above results confirmed
that the cells we cultured were hippocampus
neural stem cells, as shown in Figures 1 and 2.
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Effects of VPA on the differentiation of NSCs

The differentiation rate of NSCs was significant-
ly increased after adding VPA to the induction
medium. After 24 h, the marginal cells of Neu-
rospheres were observed to differentiate into
peripheral cells. With the increase of concen-
tration of VPA, the number of cells moving out
gradually increased while there was little cell in
control group moving out. With the increase of
culture time, move-out cells increased and with
the increase of VPA concentration, the neuritis
of nerve cells were longer, and the number of
neuritis branches increased significantly, as
shown in Figure 3.

The proportions of neurons after the differen-
tiation of NSCs for 7 days

Immunofluorescence staining technique show-
ed that NSE (red fluorescence) was observed
in the cytoplasm of NSCs and had elongated
neuritis, indicating these were neuronal cells
(Figure 4A). Some cytoplasm expressed GFAP
(green fluorescence) with long and straight neu-
ritis that had less branches, suggesting these
were astrocytes (Figure 4B). The blue-fluores-
cent ovals were nuclei (DAPI staining). Com-
pared with the control group, the rates of NSE
positive cells in the other 3 groups were signifi-
cantly increased (P<0.05), while the rates of
GFAP positive cells were significantly decreased
(P<0.05). With the increase of VPA concentra-
tion, the number of NSE positive cells gradually
increased (P<0.05), while the number of GFAP
positive cells gradually decreased (P<0.05), as
shown in Table 1.

Expressions levels of GFAP, NSE proteins

Compared with the control group, the relative
expression of NSE protein in the other three
groups significantly increased (P<0.05), while
that of GFAP protein significantly decreased
(P<0.05). With the increase of VPA concentra-
tion, the relative expression of NSE protein
gradually increased (P<0.05), and that of GFAP
protein decreased (P<0.05), as shown in Figure
5; Table 2.

Discussion

VPA, as a kind of clinical first-line drugs for the
treatment of convulsion, epilepsy and unstable
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emotions, has been widely used for 40 years. It
is a sort of short-chain fatty acids with very low
molecular weight and can cross the placental
barrier promptly. Recently, it has been proved
that VPA can affect fetuses’ brain development
by interfering with the hyperplasia, differentia-
tion and migration of NSCs [7].

In this study, the tissues in rats’ hippocampi
were chosen to be isolated and cultured for the
reason that isolated and cultured in-vitro NSCs
can be induced to differentiate into nerve cells,
such as neurons, glial cells, etc. Cells with good
abilities of division and proliferation, obtained
from the hippocampi of 24-hour-old new-born
rats by trypsin chemical digestion combined
with mechanical isolation, were observed that
they can rapidly proliferate to form some neuro-
spheres in serum free medium. Especially, the
brain tissues in hippocampi are accumulation
parts of NSCs. Nestin, as a member of interme-
diate silk protein family, is mainly expressed in
cytoplasm, which is also one of the mark pro-
teins in NSCs [8] Nestin won't express until the
neural plate is formed, and its expression quan-
tity declines gradually as the neuronal migra-
tion, differentiation and mature of neuroepithe-
lium. In addition, 5-Bromodeoxyuridine (BrdU),
as a kind of thymidine analogue, can be mixed
into the synthesis of DNA of cells just like thymi-
dine. And this BrdU is in the DNA of cell nucleus
as long as the cell exists. BrdU tagging technol-
ogy is routinely employed to keep track of divi-
sion, survival, differentiation and functional
status of cells [9]. Recently, it has been also
used in the studies on stem cells [10]. In our
study, we found that the cultured cells were
proved to be nestin-positive NSCs through nes-
tin immunofluorescence staining technique.
What’s more, through Brdu immunofluorescen-
ce technique, it was discovered that these cells
had amplification ability to produce progeny
cells. Besides, these cells also can differenti-
ate into neuron and glial nerve cells, which
demonstrates that they possess potential of
multidirectional differentiation. All the results
showed that NSCs were obtained successfully,
which sets a solid foundation for the study of
toxicity of nerve cells.

NSCs are a group of precursor cells in nervous
system. The activities of NSCs, such as prolif-
eration and multidirectional differentiation, are
under regulation of surrounding microenviron-
ment (cytokines, neurotransmitter, hormone,
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etc.). Through various intracellular signal path-
ways, these regulatory factors can activate the
corresponding transcription factors and pro-
mote NSCs to differentiate into different nerve
cells in the specific time and space [11, 12]. In
this process, the change of microenvironment
can interfere with the growth and development
of brain nerve cells. VPA may increase the con-
centration of GABA and affect the differentia-
tion and development of NSCs by inhibiting
the degradation of inhibitory neurotransmitter
gamma amino butyric acid (GABA). Some stud-
ies showed that, after being given GABA en-
hancer, young rodents could lead to a wide
range of neurocyte apoptosis in their brains
[13]. In addition, some animal experiments de-
monstrated that, after the intraperitoneal injec-
tion of VPA to rats, the immunohistochemical
detection found that the quantities of neurons
had increased significantly in the part of the
outer surface of the brain while they had de-
creased apparently in the subventricular zone
and the middle cerebral zone, suggesting that
VPA can affect fatal rats’ proliferation and dif-
ferentiation of NSCs [14]. Meanwhile, VPA has
the pharmacological effects of histone deacet-
ylase inhibitors (HDACIs). Some studies showed
that it was necessary to regulate the process of
stem cells’ proliferation and differentiation as
well as HDACIs could promote the differentia-
tion of neural stem cells to neurons [15].
Through the research, Hsieh found that HDACIs
could promote the differentiation of pluripotent
neural progenitor cells to neurons [16]. Costas’
study also confirmed that the inhibition of HDAC
activity could promote the transformation of oli-
godendrocyte to neural stem cells which can be
differentiated to astrocytes and neurons [17].
Doughty ML found that VPA could inhibit the for-
mation of neurospheres’ clone in neural stem
cells by the lithium-sensitive mechanism [18].

GFAP is the marker of astrocytes and NSE is the
marker of the early neuron cells [19, 20]. In this
study, we applied VPA to NSCs, and observed
the expressions of GFAP and NSE in the differ-
entiation of NSCs after 7 d. The result showed
that, after using VPA, the ratios of positive cells
and the protein expressions of NSE in all three
groups were significantly higher than that in the
control group, while the ratios of positive cells
and the protein expressions of GFAP in all three
groups were lower than that in the control
group. These indicated that VPA could obvious-
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ly expedite the differentiation of NSCs and pro-
moted it to the differentiation of neurons, and
inhibited the differentiation of astrocytes. VPA
can interfere the differentiation direction of hu-
man hippocampus NSCs obviously and at the
same time, it may have the same developmen-
tal neurotoxicity. Also, effects of VPA on the dif-
ferentiation process are obviously dose depen-
dent. Effects of 250 uyM VPA are not obvious
while 500 uM and | mM VPA can easily interfere
the differentiation of NSCs. However, the exact
mechanism for how VPA promotes the differen-
tiation of NSCs needs further studies.

In conclusion, NSCs of rat’s hippocampi region
can differentiate to neurons or neural glial cells,
and VPA can promote the differentiation of hip-
pocampi NSCs to neurons. As for how the VPA
promotes the proliferation and differentiation
of NSCs in hippocampi region, it still needs fur-
ther study.
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