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Abstract: Objective To model glucocorticoid-induced cognitive impairment and evaluate the neuroprotection by schi-
zandrin (Sch) against dexamethasone (Dex)-induced neurotoxicity in vivo and in vitro. Methods Cerebral cortical cells
from neonatal Sprague-Dawley rats (within 24 hours after birth) were cultured for 9 days, and then treated with Dex (10,
107, 10 or 107 mol/L) for 24 h or pretreated with 10 mol/L Dex for 24 h followed by 10, 20, 40, or 80 pmol/L Sch for
48 h. Cell viability was assessed using the MTT assay. Immunofluorescence and real-time PCR for MAP2 were performed
to confirm the effects of Dex on neurite outgrowth. /n vivo, kunming mice were randomly divided into six groups: control
[(intragastric (i.g.) vehicle for 42 days]; Dex group I (5 mg/kg-d" Dex i.g. treatment for 28 days followed by i.g. vehicle
for 14 days); Dex group II (Dex i.g. for 42 days); Dex + Sch (Dex i.g. for 28 days followed by 5, 15, or 45 mg/kg-d" Sch
i.g. for 14 days). Learning and memory were assessed by Morris water maze test. Histological examination was used to
assess pathology and apoptosis in neurons. Results Compared to the Dex groups, Sch increased cell viability in a dose-
dependent manner, improved performance in the Morris water maze and ameliorated the morphological changes. Conclu-

sion Sch has neuroprotective effects against insults induced by glucocorticoid.
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1 Introduction physiological levels of glucocorticoid facilitate long-term

o potentiation” and enhance learning and memory"’, too
Glucocorticoids (GCs) are released from the adrenal . . . .\
o low or too high levels may cause impairment. In addition,
cortex and regulated by the hypothalamic-pituitary-adrenal . .

stress or glucocorticoid levels may affect hippocampus-

is. Th 1 f steroid h d pl . . - .
axis €y are a class of steroid hotmones anc play an dependent learning and synaptic plasticity, following the

important role in the stress responses. They can readil . -
P b blood-brain bari pd Y }; ‘inverted U-shaped’ curve'”.
cross the blood-brain barrier and participate in many o . . .
P p ) y. Dexamethasone (Dex) is a synthetic glucocorticoid-

the central nervous system (CNS) functions by binding . . .
i o o ) like compound, and has been used to induce neuronal im-

to mineralocorticoid and glucocorticoid receptors. While . . . . L
pairment in primary cultured cortical neurons and in vivo.

] . Schizandrin (Sch) is one of the active dibenzocyclooctadiene
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including anti-diabetic and anti-oxidative stress effects,
promoting the immune response, and hepatoprotection, as
well as a neuroprotective effect against glutamate-induced
neuronal excitotoxicity™'?. To date, there is no report on
the neuroprotective effect of Sch against Dex-induced
CNS deficits. Therefore, the present study was designed
to evaluate the neuroprotective effects of Sch against Dex

exposure both in vitro and in vivo.
2 Materials and methods

2.1 Materials and reagents Sch was obtained from the
Guangdong Institute for Drug Control (Guangzhou, China).
Dulbecco's modified Eagle’s medium nutrient mixture F-12
(DMEM/F12), fetal bovine serum (FBS) and B27 supple-
ment were from Gibco (Carisbad, CA). Dex, dimethyl
sulfoxide (DMSO), poly-L-lysine, anti-MAP2 antibody
and 3-(4,5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium
bromide (MTT) were from Sigma (St. Louis, MO). Cy3
AffiniPure goat anti-rabbit IgG was from Proteintech
Group Inc. (Chicago, IL). Prime script™ RT reagent kit
and SYBR" Premix Ex Taq™ kit were from Takara (Tokyo,
Japan). Cell culture plates were from Jet Biofil (Canada).

2.2 Cell culture and treatment Cerebral cortical cells
were obtained from neonatal Sprague-Dawley rats (within
24 h after birth). Rats were decapitated and brains were
immediately removed. The cerebral cortex was dissected
and placed into cold D-Hank’s solution. After removal of
meninges, the tissue was minced and incubated at 37°C
for 10 min in D-Hank’s solution containing 0.25% trypsin.
Digestion was terminated with DMEM/F12 supplemented
with 10% FBS. The cell suspensions were centrifuged
(1 000 r/min, 10 min), resuspended in DMEM/F12 supple-
mented with 0.4% B27, and plated onto 96-well poly-D-
Lysine-coated dishes at a density of 3 x 10*/mL. After 6 h,
the medium was replaced by DMEM/F12 supplemented
with 2% (v/v) B27. Cultures were kept at 37°C in a 5%
CO, atmosphere. Half the medium was changed every 3
days with fresh medium. Cortical neurons were cultured
for 9 days, and then underwent treatment with Dex and/or
Sch. All procedures were approved by the Laboratory Ani-

mal Administration Committee of Jinan University.

To determine its neurotoxicity, Dex was dissolved in
DMSO at 0.1, 107, 10 and 10* mol/L and further diluted
with cell culture medium (DMEM/F12 supplemented with
2% B27). The final concentration of DMSO in cell culture
medium was 0.1%. On the day of experiment, medium was
replaced with fresh culture medium containing Dex at a
final concentration of 10, 107, 10 or 10”7 mol/L, and then
incubated for 24 h, followed by assessment of neurotoxicity.

Sch was dissolved in DMSO at 10, 20, 40 and 80

mmol/L and further diluted with cell culture medium
(DMEM/F12 supplemented with 2% B27). Neurons were
pre-treated with 10 mol/L Dex for 24 h, and then with
different concentrations of Sch for 48 h. Then the neurons
were assessed for viability.
2.3 Animals and grouping Ninety Kunming (KM) mice
(male, 4 months old, 35 £ 5 g) from the Center of Labora-
tory Animals of Guangdong were housed at 22—-25°C under
a 12:12 h light/dark cycle, with access to food and water ad
libitum. Mice were weighed every 2 days. All procedures
were approved by the Laboratory Animal Administration
Committee of Jinan University and performed according
to the NIH Guide for the Care and Use of Laboratory Ani-
mals (NIH Publication No.85-23, 1985, revised 1996).

The mice were randomly divided into six groups (n
= 15/group): control [intragastric (i.g.) vehicle i.g. for 42
days]; Dex group I (5 mg/kg-d" Dex i.g. for 28 days fol-
lowed by i.g. vehicle for 14 days); Dex group II (Dex i.g.
for 42 days); and three Dex + Sch groups (Dex i.g. for 28
days followed by 5, 15, or 45 mg/kg-d" Sch i.g. for 14
days). Dex and Sch were suspended in distilled water for
administration. To avoid effects on the behavioral tests,
the solutions were administered at 17:00 and the tests were
performed the next day between 08:00 and 16:00.

2.4 Cell survival assay Cell viability was assessed using
the MTT assay. After neurons were treated for 72 h, the
medium was replaced by DMEM/F12 with MTT (10:1, v/v;
MTT was first prepared at 0.5 mg/mL in PBS). After in-
cubation for 4 h, the medium was removed and DMSO
(150 pL) was added to each well to dissolve the formazan.
Absorbance was measured at 570 nm using a Bio-Rad 400

microplate reader (Bio-Rad, Hercules, CA).
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2.5 Microtubule-associated protein 2 (MAP2) immu-
nofluorescence Cells were fixed with 4% paraformalde-
hyde for 20 min at room temperature, then permeabilized
with 0.1% TritonX-100/PBS for 10 min. Then, cells were
blocked with 1% bovine serum albumin for 30 min and in-
cubated overnight at 4°C with anti-MAP2 antibody (1:800,
diluted in blocking solution). After three washes in 0.1
mol/L PBS, cells were incubated with Cy3 AffiniPure goat
anti-rabbit IgG (1:80, diluted in 0.1 mol/L PBS). Images
were acquired on a fluorescence microscope (Olympus
model IX-71; 400x magnification; Tokyo, Japan).

2.6 Real-time PCR analysis of MAP2 mRNA After
neurons were treated with Dex for 24 h, total RNA was
extracted with RNAiso Plus (Takara), and cDNA was
generated by PrimeScript™ RT reagent kit (Takara). Then
real-time PCR was performed by a LightCycler 480 Real-
Time PCR System (Roche, Basal, Switzerland): 95°C (pre-
denaturation) for 30 s, and 45 cycles of denaturation at
95°C for 10 s, annealing at 58°C for 10 s, and extension at
72°C for 10 s. GAPDH was used as the internal control.
All samples were tested in triplicate.

2.7 Morris water maze test The maze (50 cm in height
and 110 cm in diameter) was divided into four quadrants
by four fixed points, and filled with water to a depth of 30
cm. The water temperature was maintained at 22-25°C. An
8-cm diameter escape platform was kept in one quadrant of
the pool and submerged 1 cm below the water surface. The
platform had the same color as the tank and the water was
rendered opaque with nontoxic ink. Mice were trained to
find the hidden platform according to the spatial cues in the
pool. Each mouse was placed gently at a start point in the
middle of the rim of a quadrant, facing the wall, and was
allowed 60 s to find the platform. After finding the platform,
the mouse was allowed to stay on the platform for 15 s.
If the mouse failed to find the platform, it was manually
guided to it and allowed to stay there for 15 s. Each mouse
had two trials per day for 5 successive days (from day 23
to day 27, or from day 37 to day 41 of treatment). On day
6, 24 h after the previous trial, the platform was removed
from the maze and mouse was allowed to swim for 60 s.

During the experiment, each mouse was monitored by a

digital camera 80 cm above the maze and parameters were
analyzed using the DigBehav 3.0 system (Jiliang Software
Technology Co. Ltd., Shanghai, China).

2.8 Histological analysis Mice were anesthetized with
0.3% (w/v) pelltobarbitalum natricum (0.1 mL/10 g body
weight) and perfused through the heart with 0.1 mol/L
PBS, followed by 4% paraformaldehyde in 0.1mol/L PBS.
The brain was immediately removed and transferred to 4%
paraformaldehyde at 4°C. After cutting along the midline,
each brain was embedded in paraffin and cut into 3-um
sections on a microtome. The sections were stained with
hematoxylin and eosin (HE) and examined by a micro-
scope (Olympus model IX-71). Cells that displayed small
soma and were deeply stained were counted.

2.9 Data analysis All data are expressed as mean + SEM
and were analyzed by one-way analysis of variance (ANOVA)
followed by Bonferroni or LSD post hoc test. P <0.05 was

considered statistically significant.

3 Results

3.1 Neurotoxicity of Dex MTT assays showed that 10~
and 10™ mol/L Dex decreased neuron viability (84.73 =+
2.37% and 72.22 + 1.98% vs 100.00 + 1.68% in control,
both P <0.01), while lower doses (10° and 10”7 mol/L)
had no effect (95.74 £ 2.09% and 96.62 £+ 2.53%). In
addition, MAP2 immunofluorescence staining showed that
the neurites of neurons treated with 10™* mol/L Dex were
decreased in number and shorter than those of control
(Fig. 1). Real-time PCR of MAP2 mRNA (Fig. 2) further
demonstrated that 10, 10” and 10* mol/L Dex decreased
MAP2 mRNA expression compared with control (P <0.01).
3.2 Sch attenuated Dex-induced toxicity in primary
cultures of rat cortical cells After treatment with Dex
(10™* mol/L) for 24 h, 10, 20, 40, or 80 umol/L Sch was
added to the culture medium for 48 h. The results showed
that 20, 40, and 80 pmol/L Sch were neuroprotective
against Dex-induced toxicity in a dose-dependent manner
(Fig. 3, Table S1).

3.3 Sch alleviated the cognitive impairment induced
by Dex The results of the Morris water maze showed that

Dex treatment for 28 days impaired learning and memory
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Fig. 1. MAP2 immunochemical staining of
primary cultured cortical neurons
treated with vehicle (A), 10”7 mol/L (B),
10 mol/L (C), 10° mol/L (D) or 10™

50 um mol/L (E) dexamethasone. Scale bars,
50 pm.
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Dexamethasone (mol/L) Fig. 3. Neuroprotective activity of schizandrin (Sch) against dexametha-

sone (Dex) neurotoxicity. Neurons were pretreated with 10 mol/L

Fig. 2. Real-time PCR analysis of MAP2 mRNA levels in cortical neurons dexamethasone for 24 h, and then 10, 20, 40, or 80 pmol/L schizan-

treated with dexamethasone (n = 3). **P <0.01 compared with
control. Data were analyzed with one-way ANOVA followed by
Bonferroni post hoc test.

drin for 48 h (n = 6). P <0.01 compared with control; **P <0.01
compared with dexamethasone 10 mol/L. Data were analyzed
with one-way ANOVA followed by Bonferroni post hoc test.
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in mice. The mean escape latencies and the percentage of
swimming time in the platform quadrant were significantly
different (Fig. 4, Tables S2-S3).

After administration of 15 or 45 mg/kg Sch for 14
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days, the Dex-induced increase in escape latency and de-
crease in the percentage of swimming time in the platform
quadrant were reversed (Fig. 4, Tables S2—S3). Moreover,

compared with the chaotic and aimless track of mice with
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Fig. 4. Effects of dexamethasone and combined treatment with schizandrin (5, 15 and 45 mg/kg) on escape latencies (A) and percentage of swimming time in
the platform quadrant (B) in the Morris water maze test. Values are mean + SEM. n = 12. *P <0.05, **P <0.01 vs group I. *P <0.05, *P <0.01 vs group II.
Data were analyzed with one-way ANOVA followed by LSD post hoc test. Group I: control; group II: dexamethasone for 28 days; Groups I1I: dexam-
ethasone for 42 days; Groups IV-VI: dexamethasone for 28 days followed by 5 (group IV), 15 (V), and 45 mg/kg-d" (VI) schizandrin (i.g.) for 14 days.

Fig. 5. Representative tracks of the final trials in the water maze test after the platform was removed. Mice were treated for 42 days. A: control; B: dex-
amethasone for 28 days; C: dexamethasone for 42 days; D-F: dexamethasone for 28 days followed by 5 (D), 15 (E), and 45 mg/kg-d”" (F) schizan-

drin (i.g.) for 14 days.
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Fig. 6. HE staining of hippocampus of control mouse (A1-A2); mouse exposed to dexamethasone for 28 days (B1-B2), and for 42 days (C1-C2), dexam-
ethasone for 28 days followed by 5 (D1-D2), 15 (E1-E2), and 45 mg/kg~d'1 (F1-F2) schizandrin for 14 days. Scale bars, 50 pm.



538

Neurosci Bull ~ October 1, 2012, 28(5): 532-540

< 20,

o

2 184 1

= .

16 L L

2 144

ERRTY

104

= .

‘: R_ U-—*

- *k

£ h

=

E 4

= 9

o 2

)

12 0 N > > P ) o

= & AP ¥ 3 > o

- .Q*\ g ik ) el oo
" Q;u' Q{‘_' A e e

RS

2 180+

_f 160 4 _ 1

o 1401

= 1204 %
3 1
S 1001

i wE
= 80

260

2

E 401

s 201

Avera

L]
[#)
%, "
(J/ i *

Fig. 7. Average numbers of degenerating cells in CA1 (left panel) and DG (right panel) that appeared smaller than normal and had condensed chromatin.
**P <0.01 vs dexamethasone for 28 days (Dex 28 d). Data were analyzed with one-way ANOVA followed by LSD post hoc test. Dex 42 d, dexam-
ethasone for 42 days; Dex + Sch 5/15/45, dexamethasone for 28 days followed by 5, 15, or 45 mg/kg-d”' schizandrin for 14 days.

Dex treatment for 28 days, the 15 and 45 mg/kg Sch-treated
groups were improved (Fig. 5). These results indicated
that Sch significantly alleviates the cognitive impairment
induced by Dex.

3.4 Effects of Sch on hippocampal structure in Dex-
exposed mice No significant neuronal abnormalities were
observed in the hippocampus (cornu ammonis I, CA1 and
dentate gyrus, DG) in the control group, while the brains
of Dex-treated mice showed neuronal degeneration. The
somata of neurons became small and deeply stained with
dye. But this morphological change was ameliorated by
Sch; the average number of degenerating cells was lower
in CA1 and DG, especially in the 15 and 45 mg/kg-treated
groups (Figs. 6 and 7), Compared with that in Dex 28-day
treatment group, corresponding with the performance in
the Morris water maze test.

4 Discussion

Many studies in humans and animals have shown
a close relationship between high GC levels and cogni-
tive impairment, and Cushing’s disease is associated with
memory impairment*'*. In clinical practice, prolonged

GC therapy may influence cognition'*"”!

, causing declara-
tive memory impairment via cumulative and long-lasting

detrimental influences on hippocampal function, including

altered adrenal steroid receptor density, neurotransmitter

161891 Here, we found that

content and dendritic atrophy'
Dex decreased neuronal viability and caused damage to
neurites in vitro, as well as impairing spatial learning and
memory in vivo. Our model can be used to screen for po-
tential neuroprotective drugs against the neuronal impair-
ment induced by GCs.

In vivo, it was reported that chronic (21 days) treat-
ment with stress-levels of Dex induces learning and
memory impairment in old male mice but not in young
mice”. We also assessed the learning and memory in mice
by the Morris water maze test after continuous treatment
with Dex for 21 days, and obtained similar results (data
not shown). So in our experiments, Dex administration in
vivo was prolonged to 28 days, which successfully induced
cognitive deficits in young KM mice.

Mice that received Dex for 28 days followed by ve-
hicle for 14 days presented no significant differences in
water maze performance, compared with mice receiving
Dex for 42 days. These results suggested that the neuronal
impairment induced by 28-day exposure to Dex was stable
until the end of the experiment. This model thus provides
a window of two weeks to assess the effects of potential
drugs on cognition.

Chronic stress has been shown to alter the structure
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and function of the hippocampus®®'*”

, and GC plays a cen-
tral role in this process”". Stress and high GC levels cause
reductions in hippocampal volume>”. In addition, the
hippocampus is not only a target for GCs but also a key
structure for the feedback control of its secretion. There-
fore, the death of hippocampal cells leads to failure of the
feedback. This vicious cycle would lead to further neu-
ronal loss. In the present study, we found morphological
degeneration in the hippocampus from Dex-treated mice,
which further confirmed that high levels of GCs cause se-
vere brain damage.

Neuroprotective compounds with low molecular
weight can readily cross the blood-brain barrier, and might
have potential in the treatment of CNS disorders. In our
studies, we screened neuroprotective compounds in Dex-
exposed cortical neurons, and found that Sch protected
neurons against a high level of Dex. The results in vivo
further confirmed that Sch improved the spatial learning
and memory, and alleviate hippocampal degeneration in
Dex-treated mice. This is the first report that Sch prevents
Dex-induced impairment in vivo and in vitro; however, the

underlying mechanisms need to be further explored.

Supplemental Data: Supplemental Data include three
tables and can be found online at http://www.neurosci.cn/

epData.asp?id=33.
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