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Original Article
Allopregnanolone attenuates Af3,, . -induced
heurotoxicity in PC12 cells by reducing oxidative stress
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Abstract: Massive accumulation of amyloid beta (AB) has been implicated as a pivotal event in the pathogenesis
of Alzheimer’s disease. The underlying mechanisms of AB-induced neurotoxicity include generation of reactive oxi-
dative species (ROS), inflammation, and neurons loss. Allopregnano-lone (AP«), a neurosteroid derive from neuro-
active progesterone, has been demonstrated to have neuroprotective properties in vivo and vitro. In the present
study, the effects of APa on oxidative damage in AB, ,-treated pheochromocytoma (PC12) cells were investigated.
Pretreatment of APa significantly attenuated AB,, ,.-induced neuronal death. AP decreased the intracellular ROS
generation and reduced lipid peroxidation induced by AB25_35. In addition, AP« treatment enhanced antioxidant
enzyme superoxide dismutase (SOD) activity. This study demonstrates that APa exerts a protective effect against
AB,; ,s-induced neurotoxicity in PC12 cells. The protective role of APa likely results from inhibition of oxidative stress.
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Introduction

Alzheimer’s disease (AD), the most common
neurodegenerative disorder, is characterized
by the progressive deterioration of memory and
cognition. The major neuropathological hall-
marks of AD brain include intracellular senile
plaques, neurofibrillary tangles, extensive neu-
ronal death, and extracellular deposition of
B-amyloid (AB) [1, 2]. AB has been reported to
be neurotoxic and plays a key role in the patho-
logical cascade of AD [3]. Oxidative stress has
been implicated in the pathological of AD and
the excessive production of AB may trigger neu-
ronal death by inducing free radical generation
[4-6].

Allopregnanolone (APa), a neurosteroid synthe-
sized from progesterone, appears to exert a
pronounced neuroprotective effect in the set-
ting of AD [7, 8]. Recently, a reduction of AP«
level is found in serum [9], prefrontal cortex
[10], and temporal cortex [11] of AD patients.
The mechanism by which APa provide neuro-
protection is not clearly understood. Previous

findings show that AP«a increases proliferation
of neural progenitor cells in vitro [12], promotes
neurogenesis in the hippocampal [13], restores
neural progenitor cell survival and cognitive
performance in mouse model of AD [14].

Recent data indicate that APa has protective
effect against several pathological conditions
by restoring the intracellular redox status [15-
17]. However, it has not been well elucidated
whether AP exerts neuroprotection by reduc-
ing oxidative stress in AD. Therefore, we used
the B-amyloid peptide AB, . -treated pheochro-
mocytoma (PC12) cells model to investigate the
neuron-protective effect of APa. We aimed to
investigate whether APa has protective effect
against AB-induced neurotoxicity in PC12 cells
and whether APa exerts this effect by reducing
the intracellular oxidative stress.

Materials and methods
Drugs and reagents

Allopregnanolone (APa; 3a-hydroxy-5a-pregn-
an-20-one; aka AP, Allo, or THP), 3-(4, 5-dimeth-
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Figure 1. Protective effect of APax on A
differentiated PC12 cells. A: PC12 cells were treated with the indicated

15957 iNAUCed cytotoxicity in cultured
concentrations (0-40 uM) of AR, . for 24 h; B: PC12 cells were pretreated
with different concentrations of AP« (10 uM) for 2 h and then incubated
with AB, .. (20 puM) for an additional 24 h. Viability of cells was assessed
by MTT assay; C: Representative photographs of cell morphology by living
cell picture (400 x). PC12 cells treated with only AB,_ .. can lead to cell
nucleus pycnosis, nuclear fragmentation and reduce the number of cells.
Application of 10 yM APa can maintain normal cell morphology and cell
number. Percentage of cell viability was relative to the untreated control
cells. Values represent as mean + SD of 3 independent experiments. *P <

0.01 versus AB,. . -treated cells; *P > 0.05 versus control.
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ylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT), 2',7’-di-
chlorofluorescin diacetate (DC-
FH-DA), B-amyloid peptide (AB,,
45 and dimethylsulfoxide (DMSO)
were purchased from Sigma-
Aldrich (St. Louis, MO, USA).
RPMI 1640 medium and fetal
bovine serum (FBS) were ob-
tained from Gibco (Grand Island,
NY, U.S.A.). Assay kits for super-
oxide dismutase (SOD) and
malondialdehyde (MDA) were
purchased from Nanjing Jian-
cheng Bioengineering Institute
(Nanjing, China). All other chemi-
cals and reagents used were of
analytical grade.

Drugs preparation

AB,, ., was dissolved in deion-
ized distilled water at a concen-
tration of 1 mM and incubated
for 4 days at 37°C for aggrega-
tion. The solution was then
stored at -20°C until use. APx
was dissolved in DMSO at a con-
centration of 10 mM and further
diluted with phosphate buffered
saline (PBS). The final concentra-
tion of DMSO was 0.01%, which
did not affect cell viability.

Cell culture

Pheochromocytoma (PC12) ce-
lls, a rat PC12 cell line, were
obtained from the cell bank of
Institute of Biochemistry and
Cell Biology, SIBS, CAS (Shan-
ghai, China). PC12 Cells were
seeded in 25 cm? flasks and
maintained in RPMI 1640 sup-
plemented with penicillin (100
U/mL), streptomycin (100 U/mL),
and 5% FBS at 37°C in a humidi-
fied 95% air and 5% CO, incuba-
tor. Once grown until 80% con-
fluence, the cells were subcul-
tured at an appropriate density
according to each experimental
scale at 37°C for 24 h in serum-
free RPMI 1640. Then, the cells
were used for treatment.

Int J Clin Exp Med 2015;8(8):13610-13615
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Cell viability assay

Cell viability following treatment with AB, .,
AP, or both was assessed by MTT assay. In
brief, PC12 cells were seeded in 96 well plates
at a density of 5 x 103 cells/well at 37°C for 24
h. After drug treatment, 20 yL MTT reagent
(final concentration, 2.5 mg/mL) was added
and the plate was incubated at 37°C for 4 h.
The medium was removed and 150 yl DMSO
was added. The absorbance of each well was
read at 570 nm using a microplate reader
(ELX808, Biotek, Winooski, VT, USA). Cell viabil-
ity was expressed as a percentage of the value
against the untreated control.

Measurement of malondialdehyde (MDA) and
superoxide dismutase (SOD) content

For assay of lipid peroxide and antioxidants,
cultured PC12 cells were initially seeded in 6
well plates at a density of 4 x 10° cells/ml for
24 h. The cells was then pre-incubated with or
without APa (10 uM), followed by incubation
with AR, .. (20 uM) for 24 h. The cultures were
washed with ice-cold PBS and homogenized.
The homogenate was centrifuged at 12,000 x
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Figure 2. Effects of AB, . and AP

on intracellular ROS in PC12 cells.
Cells were treated with: A: Control
(untreated); B: 20 uM AB, .; C: 20
MM AB,. .. + 10 uM APa. Intracel-
lular ROS were measured by flow
cytometry using an oxidation-sensi-
tive fluorescent probe, DCFH-DA in
the presence of ROS.

g for 15 min at 4°C. The protein concentration
in each sample was determined by the BCA
Protein Assay Kit as a reference standard. The
levels of MDA and SOD were determined
according to the manufacture’s instructions.
Concentrations were normalized to the protein
concentration expressed as a percentage of
control samples.

Measurement of cellular generation of reac-
tive oxygen species

Intracellular reactive oxygen species (ROS) was
measured by using the fluorescence probe 2/,
7’-dichlorofluorescin diacetate (DCFH-DA). In
brief, following the indicated drugs treatment,
cells were washed twice with PBS, incubated
with 10 yM DCFH-DA for 30 min at 37°C under
the dark condition. After washed twice with
PBS to remove the extracellular DCFH-DA, fluo-
rescence was monitored at excitation and
emission wavelengths of 485 and 530 nm,
respectively. The fluorescence emission from
DCF was analyzed via BD FACS Calibur flow
cytometry (BD Science, San Jose, CA). Three
independent samples of 10,000 cells were
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Table 1. Effects of AP« on lipid peroxidation and
antioxidantenzyme activities in AB,_ , -treated
cultured PC-12 cells

Treatment MDA (nM/mg protein) SOD (U/mg protein)

Control 0.78 + 0.23 50.2+9.9
AB, . 3.16 + 1.00" 322+9.4
AP + AB 1.58 + 0.67* 45.4 + 8.6*

25-35

Cells were pretreated with 10 uM AP« for 2 h and then incu-
bated with AR, .. (20 uM) for an additional 24 h. Data were
presented as mean + SD. P < 0.05 versus control; “P < 0.05

versus AB,, .-treated cells.

analyzed for each experimental condition. The
mean fluorescence intensity was analyzed
using FCS Express data analysis software.

Statistical analysis

Data are expressed as mean * standard devia-
tion (SD). Biostatistical analyses were conduct-
ed with SPSS 16.0 software. Statistical differ-
ences among groups were assessed by one-
way analysis of variance (ANOVA). Differences
were considered to be statistically significant at
P < 0.05.

Results

APa protects PC12 cells against AB
induced cell injury

25-35

The AB, ,.-induced cell injury was determined
by the percentage of MTT reduction assay. As
shown in Figure 1A, AB,_ .. (2.5, 5, 10, 20, 40
uM) induced cell death in a dose-dependent
manner. Nearly only 50% of PC12 cell survived
after 24 h treatment with 20 uM of AB,, ..
Based on the result, 20 uM was selected as the
optimal AB,, ,, concentration for subsequent
experiments. APax at 10 yM showed strong
inhibitory activity against AB, ., induced cell
death (Figure 1B). Furthermore, protective role
of APx against AB,, .. induced cell death was
confirmed by morphologic changes (Figure 1C).
PC12 cells exposed to AR, .. (20 uM) for 24 h
led to cell nucleus pycnosis, nuclear fragmenta-
tion, and cell number reduction. Pretreatment
with 10 uM AP« for 2 h maintained normal cell
morphology and cell number.

AP« attenuated oxidative stress in AB
treated PC12 cells

25-35

Oxidative stress induced by AB,, .. was deter-

mined by measurement of intracellular ROS
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(Figure 2). After treatment of PC12 cells with
20 pM AB,, . for 24 h, intracellular ROS level
increased to 187.31 + 29.41. Thus, AB, ..
markedly increased oxidative stress. Pre-
treatment with 10 uM of AP« for 2 h, intracell-
ular ROS level induced by AB, .. decreased to
147.78 + 31.44.

APa attenuated lipid peroxidation in A
treated PC12 cells

25-35

To further confirm APa attenuates oxidative
damage in AR, ,.-treated PC12 cells, we mea-
sured the intracellular level of MDA, a marker of
lipid peroxidation (Table 1). After treatment of
PC12 cells with 20 pM AB, .. for 24 h, intracel-
lular MDA levels were 305.1% of control. While
with the pretreatment of 10 uM of APa for 2 h,
intracellular MDA level induced by A
decreased to 202.6% of control.

25-35

APa rescued loss of antioxidant enzyme activi-
ties in AB -treated PC12 cells

25-35

To investigate the mechanisms may involve in
the protective effects of APq, the level of anti-
oxidant enzyme SOD (Table 1) were measured.
After treatment of PC12 cells with 20 uM AB,_
for 24 h, intracellular SOD expression level
reduced to 64.1% of control. Thus, AB, ., mark-
edly reduced antioxidant capacity. 10 yM AP«
treatment for 2 h enhanced SOD activity to

90.4% of control.

Discussion

In the current study, we showed that APa exert-
ed protective effect against AB,_ . -induced
neurotoxicity in PC12 cells. The protective role
of APa was through inhibition of intracellular
oxidative stress.

Our data suggest that treatment of PC12 cells
with AB,. .. induced obvious neurotoxicity as
indicated by enhanced cell death. Treatment
with APa significantly decreased AB,, .. induced
cell death, suggesting the protective effects of

APa against AB,, ,.-induced neurotoxicity.

Since substantial evidence showed the impor-
tant role of oxidative stress in the pathophysiol-
ogy of AD [18, 19] and AP exerts neurotoxicity
by generating ROS [4-6, 20, 21]. We next to
investigate the effect of APa on intracellular
ROS production induced by AB Our results

25-35"
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show that treatment of PC12 cells with AR, ..
markedly increased intracellular ROS produc-
tion. Pretreatment with AP« significantly inhib-
ited intracellular ROS level induced by AB,, ...
These results suggest that APx may acts as an
antioxidant against AB, ,.-induced neurotoxici-
ty, which is consistent with the finding of previ-
ous research that APa has protective effect
against several pathological conditions by
reducing intracellular ROS production [15-17].
A previous study indicated that APa treatment
significantly reduced the ROS accumulation
and lipid peroxidation in human Niemann Pick
C (NPC) fibroblasts, and prevented peroxide-
induced apoptosis [15]. Another report had
explored the contribution of AP« in the protec-
tive effect of palmitoylethanolamide against
oxidative stress, and found that the reduction
of oxidative stress by palmitoylethanolamide
was mediated through APa synthesis in astro-
cytes [16]. APa had also been shown to mark-
edly prevent high glucose-induced oxidative
damage in PC12 cells [17]. Our results also
indicate that treatment of PC12 cells with AR,
55 Markedly increased lipid peroxidation and
AP« treatment significantly inhibited this effect,
which further confirmed AP« acts as an antioxi-

dant against AR, ,.-induced neurotoxicity.

The mechanism by which AP«a restores the
intracellular redox status is not clear. Zampieri
et al. had shown that APa does not act as a free
radical scavenger and APa might reduce the
intracellular ROS production by increasing cata-
lase activity [15]. In this previous study, the
authors also suggested that APa might protect
NPC cells from peroxide-induced cell death by
suppressing NF-kB signaling [15]. Our data indi-
cate that APa might reduce the intracellular
concentrations of ROS by enhancing endoge-
nous antioxidant enzyme SOD activity. The
molecular mechanism by which APa restores
SOD activity is not clear and needs to be fur-
ther investigated. Whether AP« protects PC12
cells from AB,, ..-induced cell death by sup-
pressing NF-kB signaling also needs to be fur-
ther explored.

In conclusion, the present study suggests that
APa exerts a protective effect against AB,, .-
induced neurotoxicity in PC12 cells and AP«
could be a promising therapeutic strategy for
treatment of AD. The protective role of APx at
least in part results from inhibition of oxidative
stress.
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