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N-acetylcysteine protects bone marrow stromal cells
against the toxicity of 6-hydroxydopamine*

Zhang Qi-lin, Luo Wei-feng, Wang Heng-hui, Ye Yan, Zhu Ting-ge, Liu Chun-feng

Abstract

BACKGROUND: 6-hydroxydopamine, as an endogenous toxic factor in the pathogenesis of Parkinson's disease, participates in
oxidative stress. N-acetylcysteine resists oxidation and removes free radicals effectively.
OBJECTIVE: To investigate the toxicity of 6-hydroxydopamine in bone marrow stromal cells and the antagonistic effect of

N-acetylcysteine on it.

METHODS: Bone marrow stromal cells of Sprague-Dawley rats were cultured in vitro. Bone marrow stromal cells of passage 3
were treated with 6-hydroxydopamine with the final concentrations of 0, 0.05, 0.1 g/L and N-acetylcysteine with the final

concentrations of 0, 0.075, 0.3, 1.2, 4.8 g/L, respectively.

RESULTS AND CONCLUSION: MTT assay showed that 6-hydroxydopamine (0.05 and 0.1 g/L) significantly decreased the
viability of bone marrow stromal cells. This toxic effect of 6-hydroxydopamine was significantly inhibited by 0.3 g/L
N-acetylcysteine. It suggests that antioxidant N-acetylcysteine may affect the toxic action of 6-hydroxydopamine.

INTRODUCTION

Bone marrow stromal cells (BMSCs) are widely
researched adult stem cells, which can be
differentiated into connective tissue, muscle, bone,
cartilage and fat cells™. Evidence has accumulated
that BMSCs of human, rats and mice can cross germ
layer boundaries under certain conditions; and it can
develop into neurons, even dopamine (DA) neurons®®.
Moreover, some studies have shown that BMSCs
can release growth factors which can provide
nutrition for the DA neurons, such as brain-derived
neurotrophic factor, fibroblast growth factor-2 and
glial cell line-derived neurotrophic factor.
Furthermore, BMSCs can promote embryonic stem
cells to generate DA neurons and prevent the death
of DA neurons caused by 6-hydroxydopamine
(6-OHDA)®*!.

The neurotoxin 6-OHDA, commonly used to generate
experimental models of Parkinson disease (PD), is
thought to induce the neuropathological and
biochemical characteristics of PD. However,
accumulation of endogenous 6-OHDA is found in PD
patients™. 6-OHDA shares some structural
similarities with DA, exhibiting a high affinity for
several catecholamine plasma membrane

transporters such as the dopamine transporters (DAT).

Once transported into the neurons, 6-OHDA initiates
the cell death pathways by generating free radicals
and inhibiting mitochondria. 6-OHDA neurotoxicity is
initiated via oxidative products. It is widely reported
that 6-OHDA induces neurotoxicity in a range of in
vitro neuronal models, including rat adrenal
pheochromocytoma cell line (PC 12), human
neuroblastoma cell lines, primary neuronal cultures
and so on™™3. N-acetylcysteine (NAC) is a precursor
of glutathione; it is a potent antioxidant and a free
radical scavenger. Its antioxidant activity protects cells
from apoptosis in some pathological conditions™***.,
In this study, we aimed to investigate the neurotoxicity
of 6-OHDA in BMSCs and the protection of NAC
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against it.

MATERIALS AND METHODS

Design
A comparative observation on the cellular level.

Time and setting

This study was performed at the Laboratory of the
Second Affiliated Hospital of Soochow University
between March 2009 and September 2009.

Materials

Ten Sprague-Dawley rats weighted 60-90 g, male or
female, irrespective of age were obtained from the
Experimental Animal Center of Soochow University
(SCXK(Su)2007-0007). Animals were housed under
a 12-hour light-dark cycle with free access to food
and water.

Methods

Culture of BMSCs

Sprague-Dawley rats were euthanized via cervical
dislocation and then immersed in 75% ethanol for

10 minutes. The bilateral femurs, tibias and humerus
were excised under sterile conditions; the connective
tissues and bone ends were cut off. 20 mL marrow
was extruded and placed into DMEM/F12 medium
containing 10% volume fraction of fetal bovine
serum (FBS); then the cells were centrifuged at

1 000 r/min for 5 minutes. The marrow cells were
cultured at the concentration of 1 x 10°/L after
supernatant removal. The nonadherent cells were
removed in the 72" hour after cultivation. The
medium was replaced every 3 days as the cells
were grown to 80% confluence. Then the cells were
digested by 0.25% trypsin and the cell
concentration was adjusted to 1 x 10°/L !,

Intervention of 6-OHDA and NAC
The third passage cells were seeded into 96-well
plates at 2 x 10%/L. The cells were treated with
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6-OHDA (final concentrations 0, 0.05 and 0.1 g/L) and NAC
(final concentrations 0, 0.075, 0.3, 1.2 and 4.8 g/L) after two
days.

MTT analysis of cell survival

Cells were collected from each group in 12 and 36 hours after
culture, and then washed three times with PBS; cells were
cultured for 4 hours after adding 2.5 g/L MTT to measure the
absorbance values. The percentage of living cells was
calculated and compared with that of the control group. The
experiment was repeated three times.

Main outcome measures
Cell viability of BMSCs.

Statistical analysis

Data were expressed as mean+SD. Analysis of variance was
used to assess the statistical significance between the groups.
P < 0.05 was considered as statistically significant. The data
were analyzed by SPSS15.0 software.
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Figure 2 Viability of bone marrow stromal cells in 12 hours and
36 hours after treated with different concentrations of
N-acetylcysteine (NAC) by MTT assay
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RESULTS

Effects of 6-OHDA on the survival of BMSCs

There was no toxicity of 0.05 g/L 6-OHDA to BMSCs in 12
hours after culture. However, the percentage of viable cells
reduced to (79.81+7.29)% in 36 hours after culture (P < 0.05).
The cell viability was significantly decreased in 12 hours and
36 hours after cultured with 0.1 g/L 6-OHDA (P < 0.05),
(Figure 1).
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Figure 1 Viability of bone marrow stromal cells in 12 hours and

36 hours after treated with 6-hydroxydopamine
(0.05 g/L and 0.1g/L) by MTT assay

Effects of NAC on BMSCs viability induced by 6-OHDA
According to the results of MTT assay, NAC (0.075, 0.3 and
1.2 g/L) did not effect the cell viability of BMSCs. But NAC at
the concentration of 4.8 g/L significantly reduced the survival
of BMSCs (Figure 2).

To examine the effects of NAC on BMSCs viability induced by
6-OHDA, cells were incubated with 6-OHDA and NAC, as
shown in Figure 3 and 4. NAC (0.3 g/L) attenuated the toxicity
of 6-OHDA at the concentrations from 0.05 to 0.1 g/L in
BMSCs. BMSCs viability induced by 0.1 g/L 6-OHDA was
increased in 12 hour after cultured with NAC at the
concentration of 1.2 g/L (P < 0.05). It indicates that NAC has a
protective effect on BMSCs intervened with 6-OHDA.
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Figure 3 Viability of bone marrow stromal cells incubated with
6-hydroxydopamine (6-OHDA) (0.05 g/L) and
N-acetylcysteine (NAC; different concentrations) by
MTT assay
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Figure 4 Viability of bone marrow stromal cells incubated with
6-hydroxydopamine (6-OHDA) (0.1 g/L) and
N-acetylcysteine (NAC; different concentrations) by
MTT assay

DISCUSSION

Parkinson's disease (PD) is a progressive neurodegenerative
disease. Although the etiology of PD remains unknown, the
patients often experience an increase in oxidative stress and
a decrease in endogenous antioxidants, especially in the
older people. Oxidative stress induced by the auto-oxidation
of dopamine can damage cellular proteins, lipids and DNA
and activate monoamine oxidase™?. In addition,
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mitochondrial dysfunction is involved in the pathogenesis of
PD™"*8 However, the specific pathogenesis remains unclear.
So far, the most effective treatment for PD is Levodopal*®?®.
Cell therapy is an effective therapeutic tool for PD?Y. BMSCs
may serve as a cell source for the treatment of PD because it
is readily available with no with ethical problems. Studies
have shown that the function of dopaminergic systems in the
substantia nigra and striatum was restored by BMSCs
transplantation, and the behavior was improved in the animal
models of PD??24],

6-OHDA is known as a dopaminergic neurotoxin and has
been widely applied in a range of in vitro models!?>2¢,

However, the toxicity of 6-OHDA in BMSCs is not well defined.

Our study shows that 6-OHDA-induced toxicity in BMSCs is
concentration and time dependent. Oxidative stress may play
an important role in this process. 6-OHDA induces
neurotoxicity via p-benzoquinone and hydrogen peroxide
generated from auto-oxidation™ 22% To determine whether
6-OHDA-induced toxicity in BMSCs is initiated via oxidative
stress, the experiments were conducted in the presence of
the anti-oxidants NAC.

NAC is the precursor of glutathione (GSH), which can reduce
cystine or act as an intracellular source of sulfhydryl groups #°.
As an antioxidant, NAC participates in the protection of
cytotoxic cells under some pathological conditions®%; studies
have shown that NAC has a neuroprotective effect on
neurodegeneration disease and PD®Y. Cell death induced by
6-OHDA is prevented by preincubation with NAC for 30
minutes before 6-OHDA treatment*® %, However, it is
ineffective when NAC is added immediately after 15 minutes
exposure to 6-OHDA™. In our study, NAC at the
concentrations of 0.075 -1.2 g/L is safe for BMSCs. NAC with
the concentration of 4.8 g/L has a significant influence on
BMSCs. However, the possible mechanism is unclear. In the
meantime, 0.3 g/L NAC can significantly reduce the toxicity of
6-OHDA in BMSCs.

Based on these findings, we recommend PD patients use
NAC to reduce the toxic effect of 6-OHDA on BMSCs.
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