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Background: Oxidative stress and neuroinflammation have found to be implicated
in several neurodegenerative disorders (ND). Neuroprotection against oxidative
agents has been proposed as a therapy on the basis that it might prevent
neuroinflammation. Curcumin is an anti-oxidant with anti-inflammatory properties
which has been proposed to be used as a therapeutic agent in ND.

Aim: In this study, we examined the neuroprotective effect of curcumin on neural
stem cells (NSCs) exposed to H>O; as an oxidative injury model.

Methods: After culturing NSCs, they were co-treated with curcumin and H,O,,
after which their effects were tested on cell viability using MTT assay.

Results: Our results indicated that the high concentration of H202 significantly
promoted cell death. Specifically, after using 250 uM of H202, the mortality
increased dramatically in comparison with the control groups. On the other hand,
the presence of curcumin encouraged cell survival of NSCs treated with H202.

Conclusion: Our result showed that curcumin has a protective effect on NSCs
against H202 and it may ameliorate the mortality rate induced by H202.
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Introduction

Neural Progenitor Cells, known as Neural Stem
Cells (NPCs), are multipotent cells which
mainly differentiate into neurons and glial cells
and make up the brain's major parts during
embryonic development (1). Indeed, the
development of the central nervous system
(CNS) is a complicated process and the delicate
regulations mechanisms are involved in the
process spatiotemporally. The behavior of
neuronal progenitor cells is controlled by
intracellular and extracellular mechanisms and
epigenetic factors as well. These factors alter
the chromatin density and consequently affect

the activity of the genes (2). MicroRNAs are
internal regulators, diffusible signals of cell-to-
cell interactions, and the interactions of cells
with the extracellular matrix which are involved
in the regulation of neuronal progenitors'
behaviors. A major group of molecules that
play a key role in regulating cell proliferation
and cell differentiation are growth factors. The
extracellular matrix is another factor that plays
an essential role in regulating the behavior of
neuronal progenitors. Changes in the membrane
composition and the deletion of several genes
cause corneal abnormalities and defects in cell
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migration  (3). Therefore, €x0genous
compounds can be used to study changes in
the behavioral patterns of neuronal progenitor
cells as well as in neurodegenerative disorders
such as Alzheimer's disease (AD), Parkinson's
disease (PD), Multiple Sclerosis (MS), and in
congenital defects of CNS development (4, 5).
Neuroinflammation in AD patients is
characterized by an elevated level of cytokines
and activated microglial cells. Use of anti-AD
drugs, such as NSAIDs, offers a long-term
reduction in AD risks. However, its side
effects include digestive, kidney, and liver
toxicity. Since curcumin has fewer side effects
than these kinds of drugs, it has found to be a
promising alternative (5, 6). In the brain of AD
patients, a high concentration of amyloid
aggregates and redox reactive metal ions has
been found to be implicated in producing
reactive oxygen species (ROS) and oxidative
stress. Curcumin has proved to reduce
oxidative stress in AD (6). Both the high and
low doses of curcumin reduce the oxidized
proteins and IL-12 as a pro-inflammatory
cytokine in the brain. At low doses, curcumin
mitigates the acidic effect of stereocritic glial
markers and decreases the amyloid precursors
in the nerve layers, suggesting the
effectiveness of curcumin in preventing AD
(4, 6). Therefore, studying the effects of
curcumin on increasing the survival of the
neuronal cells and also their differentiation
into glial cells can probably be helpful in
preventing and improving these neurological
diseases. Statistical studies have indicates that
the rate of neurodegenerative diseases in
Indian societies is significantly lower than that
among European and American societies due
to the traditional use of Yellow Choba whose
main  ingredient is  curcumin  (7,8).
Experiments have shown that curcumin has
antioxidant, anti-inflammatory, and anti-
cancer effects. It also plays a role in cell
proliferation,  cell  differentiation,  and
migration. This wide spectrum of curcumin’s
activities is due to its interaction with

intracellular signaling pathways (6). The high
concentration of curcumin has a great capability
to absorb and collect free radicals and ROS,
while also inhibiting cancer cell development
and tumor growth. On the other hand, low
concentrations of curcumin activate or blocks
one or more signaling pathways within the cell.
In cancer cells, curcumin can inhibit signaling
pathways associated with growth factors such
as extracellular kinases and protein kinase C
(9). Recent findings have also shown that
curcumin can reduce oxidative damage as well
as mental and memory defects associated with
aging, and also protect hippocampal neurons
from toxic stimuli and mechanical injuries [10].
In this study, we examined the protective effect
of curcumin on neural stem cells (NSCs)
exposed to H202 as an oxidative injury model.

Methods

Bone marrow stromal cell extraction and
culturing

Male Wistar rats (120£20 gr) were anesthetized
with an intraperitoneal injection of 10%
Chloral hydrate (0.3 ml/100 g) and then were
sacrificed. Afterward, the BMSCs were
extracted from rat’s femurs and cultured in
DMEM/F12 (Stem cell technology company,
Tehran, Iran), supplemented with 10% FBS,
100 u/ml penicillin (PC), 100 mg/ml
Streptomycin (SP) and 2 mM/ml L— glutamine.
Finally, they were incubated within a
humidified incubator with 5% v CO2 at 37°C.

Neural stem cell differentiation

For NSC differentiation, BMSCs at the fourth
passage were cultivated in 6-well culture plates
using DMEM FI12 medium (Gibco, Grand
Island, NY, USA) supplemented with 2% B27
(Invitrogen, Germany), 20 ng/mL basic
Fibroblast growth factor (bFGF; R&D Systems,
Minneapolis, MN, USA), 20 ng/ml Epidermal
growth  factor (EGF; R&D  Systems,
Minneapolis, MN, USA), and 1% penicillin-
streptomycin for 2 weeks.
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Determination of non-toxic dose of curcumin
The curcumin (Sigma, USA) was purchased as
a powder. For determining the safe dose of
curcumin, MTT assay technique was
performed. Initially, 5000 NSCs cells were
cultured in several plates and following 24
hours, they were treated with curcumin with
different doses. In order to obtain dilutions of 3-
10, 4-10, 5-10, 6-10, 7-10, 8-10 and 9-10 M,
an appropriate amount of the medium without
FBS was used for dissolving the powder. Each
experiment of different dosage was repeated for
5 times. After 24 hours of initial treatment, the
cells were re-treated to provide cells with the
fresh drug. In this experiment, PC12 cells were
also used as a control in a non-curcumin culture
medium.

Next, for evaluating the neuroprotective effects
of curcumin, two plates were prepared with
similar conditions. The first plate was directly
used for MTT testing after treatment with
curcumin. In the second plate, following 48-
hour treatment with curcumin, the cells were
exposed to hydrogen peroxide (Merck,
Germany) at a concentration of 125 um for 30
minutes after which MTT test was performed.
Once washed with PBS, 20 uL of MTT solution
(Sigma, USA) with concentrations of 1and 0.5
puM was added to each well which was kept in
dark environment at 37°C for 4 hours. In the
next step, the wells were drained and 200 pL of
DMSO (Sigma, USA) was added. Finally, the
optical absorption of the solution was measured
using an ELISA device at a wavelength of 570
nm and the percentage of live cells was
calculated by comparing the optical absorption
of wells against the standard curve.

MTT Assay

Cell growth and survival were measured using
the Sigma biochemical method (MTT). In this
method, the reduction of MTT leads to the
formation of crystalline Formazan by
dioxygenase enzymes within the mitochondria
of living cells. This method has been used as a

cell survival index. Formazan insoluble
crystals were dissolved in an isopropanol to
form a purple solution, at which point, E cells
were treated with different concentrations of
curcumin (0.1, 0.5, 1 uM) for 24 hours after
adding cell suspensions prepared in 24 home
dishes. Afterward, the culture medium
containing curcumin was removed and the cells
were washed twice with PBS. Next, the cells
were added to each house containing PBS and
MTT (0.5 mg) for 4 hours at 37 °C. The cells
were immersed in dimethyl sulfoxide (DMSO)
and isopropanol (1:1 ratio) whereby purified
formaldehyde was obtained. The absorbance of
the final solution was measured via
spectrophotometry at the wavelength of 570
nm.

Statistical analyzes: SPSS software was used
for statistical analysis. The test was conducted
by One-way ANOVA and Tukey's Post Hoc.
The data were expressed as Mean=SEM with
significant differences observed with P<0.05,
P<0.01 and P<0.001.

Results

Identification of BMSCs

A few hours following the initial culture of
BMSCs, they began to adhere to the surface
area of the flask and showed a round form.
After 12 hours, they were characterized as
dense fibroblast-like cell colonies.

Assessment of H202-induced cell death in
different groups

As the cells were treated with several doses of
H202 for 12 hours, the apoptosis rate was
assessed using 3-(4, 5- dimethylthiazol-2-yl)- 2,
5-diphenyltetrazolium bromide (MTT). The
results revealed that elevating H202
concentration significantly increased cell
death; particularly at the concentration of 250
puM, the mortality rate rose dramatically in
comparison with  the other  groups.
Nevertheless, there was a remarkable reduction
in survival in all groups compared to the control

group.
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Results of treatment by curcumin

The results of the experiments indicated that the
quantity of cultivated NSC cells was altered as
different concentrations of curcumin. A
comparison of contrast-phase
photomicrographs from different samples
showed that the cell density at different viewing
angles of curcumin-treated samples was
different from that of the control sample in
terms of quality (Fig. 1). In curcumin- treated
samples at concentration of 0.1 uM, most of the
plaque substrates were covered with NSC,
where fewer insufficiencies were observed and
colonies were formed. On the other hand, in
treated samples at 0.5 um, cell colonies with a
prolonged period of time were observed on
their surface. This implies that cell proliferation
at a concentration of 0.5 pm is significantly
increased and cellular layering can be affected
by curcumin in comparison

with the control group. The NSC cells that were
cultivated in single-layer mode differed in light
reflection; the adherent astrocytes were visible
at the bottom of the container, dark, and clear
colonies, and in photomicrographs.

MTT Assay results
The results of MTT biochemical tests revealed
significant differences. Different

concentrations of curcumin were effective in
NSC cell survival. Curcumin with the 0.1 pM
dose did not have a significant effect compared
to the control group, while curcumin at 0.5 pm
concentration induced cell growth and survival
significantly (p<0.01**), compared to the

control group. On the other hand, curcumin
reduced cell growth and cell survival at a dose
of 1 mM significantly (p<<0.05) compared to the
control group (Fig. 2).

Figure 1: Effect of different concentrations of Curcumin on the morphology of NSC. (A) NSC in the affected
by 350 Mm H202. (B) Photomicrograph of the cultivated NSC exposed to concentrations of 250 uM H202.
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Figure 2: Effect of different concentrations of curcumin on NSC Photomicrograph of GFAP+astrocytes derived
from neuronal progenitor cells cultured at concentrations of 0.1 um (b), 0.5 um (c), and 1 pm (d) of curcumin.
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Figure 3: Effect of different concentrations of Curcumin on cell survival using MTT assay. There was a
statistically significant difference between treated groups with concentrations of 0.1 and 0.5 uM of Curcumin with
a control group. The data are shown as Mean+SEM; p <0.05%*. (CO: control, PH: H202, CU: Curcumin).

Discussion

Based on our findings, Curcumin seems to
enhance cell survival and growth of neuronal
cells. However, different concentrations of
curcumin have sometimes dual effects on the
growth and proliferation as well as survival of
cells derived from NSCs (9, 13). In a few
similar studies, the effects of time-dependent
curcumin have been investigated where with
prolongation of treatment duration, the effect of
curcumin on the proliferation also increased
(10). It is  Dbelieved that CNS

neuroinflammatory diseases are associated
with astrocyte and microglial activation. In
neuroinflammatory disorders such as AD,
amyloid-beta plaques are surrounded by
astrocyte  glycosides, leading to the
neurodegeneration and neural apoptosis (14).
Lim et al (14) also demonstrated the effect of
curcumin on improving the process of neural
repair and neurogenesis in  memory-
impairment of AD. Based on several studies,
curcumin has positive effects on reducing the

neurodegeneration by  inhibiting  the
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proliferation of glia and NSCs. In in-vivo
experiments on AD transgenic mice, curcumin
has been observed to reduce the GFAP
astrocyte marker (15).

The results indicated that curcumin, as with
other phytochemicals, has dose-dependent
effects on the proliferation of NSC; at high
doses, it is capable of reducing the proliferation
and survival of NSC. The low dosage of
curcumin is associated with increased cell
proliferation and survival while a high dosage
of curcumin could be toxic and inhibit cell
growth (16). Further, it has been shown that the
cultivation of NSC cells stimulates the
proliferation of neuroprotective cells. In
addition, in vitro curcumin, with an effective
dose of 0.5 uM, increased the number of NSCs,
while a high dose of 10 um resulted in a
decrease in the number of NSCs. As a result,
low doses of curcumin stimulate NSC cell
proliferation while high concentrations are
toxic for cells (16). Dual effects of curcumin on
normal cells and cells with inflammation in the
nervous system are also interesting since
curcumin can encourage proliferation and
increase the survival of cells in healthy
conditions while also preventing the death of
NSC cells, but it is harmful in
neuroinflammatory diseases. Therefore, in
order to prevent the toxic and non-toxic effects
of curcumin, in this study, very low
concentrations were used.

The proliferation of NSC cells is very
significant in the treatment with curcumin at
0.5 uM dose. In studies, this issue has been fully
emphasized. The pathway through which
curcumin promotes the proliferation of
neurogenesis is likely to be the pathway of
ERKSs and p38 MAP kinase (10). Curcumin can
enhance the proliferation of NSC by activation
and phosphorylation of the above- mentioned
kinases.

Curcumin increases the proliferation through
effective MAP messenger pathways, such as
P38 and ERK in NPCs. Consequently,
curcumin is likely to affect the process of

differentiation, increase the survival of these
cells, and boost the cell cycle speed and
proliferation of progenitor cells from the
embryo's cortex. It has also been shown that
curcumin has an inhibitory effect on the growth
of cancer cells and inhibits their proliferation,
but its precise underlying mechanisms are still
unclear (16, 18). Curcumin can enhance the
survival and proliferation of NSC and its
derivatives.

Conclusion

To conclude, our findings suggested that
curcumin has a protective effect on NSCs
against H202.
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