C N S Neurosciences & Therapeutics

LETTER TO THE EDITOR

Neuroscience &
Therapeutics

CN

Effects of Oxysophoridine on Rat Hippocampal Neurons
Sustained Oxygen-Glucose Deprivation and Reperfusion
Jing Zhao,"? Yu-Xiang Li,' Yin-Ju Hao," Rui Chen," Jian-Zhong Zhang,® Tao Sun” & Jian-Qiang Yu'®

1 Department of Pharmacology, Ningxia Medical University, Yinchuan, China

2 Xingtai Women and Children’s Healthcare Hospital, Hebei, China
3 Department of Pathology, Ningxia Medical University, Yinchuan, China

4 Key Lab of Craniocerebral Diseases of Ningxia Hui Autonomous Region, Yinchuan, China
5 Medical Sci-tech Research Center, Ningxia Medical University, Yinchuan, China

Correspondence

Jian-Qiang Yu, Medical Sci-tech Research
Center, Ningxia Medical University, Yinchuan
750004, China.

Tel.: +86-951-698-0193;

Fax: +86-951-698-0193;

E-mail: yujg910315@163.com

Received 25 July 2012; revision 7 November
2012; accepted 13 November 2012.

doi: 10.1111/cns.12047

The first two authors contributed equally to this work.

Cerebral ischemia caused by a blood supply deficiency triggers
various pathophysiological changes. Many factors are involved in
the development of ischemia injury. For example the longer
ischemia time is more prone to ischemia injury, and the brain is
very susceptible to energy-depriving injuries due to its characteris-
tics of low fuel reserves, high aerobic metabolism and low concen-
trations of oxygen radicals-scavenging Rapid
reperfusion is the most effective treatment for ischemia, minimiz-
ing both structural and functional injuries [1]. Many signaling
molecules have been postulated to contribute to ischemia, includ-
ing both excitotoxicity and oxidative stress [2]. Glutamate
emerges as the major excitatory neurotransmitter stimulating
energy production in the central nervous system (CNS) that is
involved in many neurophysiological functions. A disruption of its
homeostasis can damage neurons, which may eventually lead to
neural cell death [3]. This neuropathological process, designated
excitotoxicity, can induce degeneration of neural cells following
an excessive action on its specific ionotropic glutamate receptor,
N-methyl-d-aspartate (NMDA) [4]. The activation of NMDA
receptor (NMDAR) usually triggers intracellular transduction
pathways associated with changes in [Ca?"]; levels, resulting in
neural Ca?* influx and a cascade of events involving free radical

enzymes.

production, and mitochondrial dysfunction can mediate excito-
toxicity, resulting in damage to the cell membrane, cytoskeleton,
and DNA [5]. Thus, modulating the glutamate pathway is a new
concept and therapeutic option to attenuate cerebral ischemia [6].

Oxysophoridine (OSR) is an alkaloid extracted from Siphocampy-
lus verticillatus. Its chemical structure is made of two piperidine
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rings. The report in the literature has shown that the hydroalco-
holic extract of Siphocampylus verticillatus has significant and long-
lasting antinociception when assessed against both neurogenic
and inflammatory models of nociception in mice [7]. Previous
work in our laboratory has demonstrated that OSR has an antino-
ciceptive effect and such protection may be mediated by GABA
and GABAA receptor up-regulation after OSR pretreatment [8].
In the present study, we tested the hypothesis that the protective
effect of OSR was through regulating the glutamate pathway.

The hippocampal neurons are cultured using primary rat cells
[6]. Sprague-Dawley rats were purchased from the Animal Center
of Ningxia medical university, Ningxia, China. All procedures
were approved by the Institutional Ethics Committee, and we
analyzed the neuroprotective effect of OSR (Ningxia Institute of
Materia Medica, Ningxia, China). The purity of OSR was deter-
mined to be 99% on the hippocampal neurons sustained oxygen—
glucose deprivation/reperfusion (OGD/Rep) in vitro [9]. The cells
were randomly divided into six groups: control group; vehicle
group (injury by OGD 2 h/Rep 24 h); positive nimodipine control
group (12 uM NIM), and different OSR dosage group (5, 20,
80 uM OSR). All the data obtained in the experiments were
expressed as mean =+ standard deviation (SD). A one-way analysis
of variance (ANOVA) was used to compare the means of six
groups. The Student Newman-Keuls” (SNK)/least significant dif-
ference (LSD) test was performed to compare all pair means. All
statistical analyses were run with the SPSS 16.0 statistical software
package (SPSS, Chicago, IL, USA). P values of <0.05 and 0.01 were
considered statistically significant.
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The injured neurons exposed to OGD for 2 h and OGD/Rep for
24 h were examined with MTT and LDH assay to evaluate the
protective effects of OSR. The exposure of neurons to OGD/Rep
led to a marked decrease in cell survival rate compared with the
control group. In contrast, treatment with OSR (5, 20, 80 uM)
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OGD followed by OGD-Rep

and the NIM treatment can increase the cell survival rate com-
pared with the vehicle group, and the OSR treatment presented
remarkable dose dependency. LDH leakage increased compared
with the control group after exposure to OGD/Rep. In contrast, in
the OSR treatment and the NIM treatment, LDH leakage was sig-
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Figure 2 Effects of oxysophoridine (OSR) on
oxygen—glucose deprivation (OGD)-induced rat
hippocampal neurons injury. The alteration of
[Ca®"]; (left) and mitochondrial membrane
potential (MMP) (right) as well as
malondialdehyde (a), nitric oxide synthase (b),
nitric oxide (c), superoxide dismutase (d),
catalase (e), glutathione peroxidase (f) levels
(middle) in rat hippocampal neurons. (A)
normal cells; (B) rat hippocampal neurons
exposed to OGD for 2 h followed by oxygen—
glucose deprivation/reperfusion (OGD/Rep) for
24 h; (C) rat hippocampal neurons were pre-
incubated with 12 uM NIM before reperfusion
induced damage. (D-F) Rat hippocampal
neurons were pre-incubated with 5, 20, 80 uM
OSR, respectively, before reperfusion induced
damage. P < 0.01 versus control group;

*P < 0.05, **P < 0.01 versus vehicle group.
Data were presented as the mean + SD, n = 6.
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nificantly reduced compared with the vehicle group. As shown in
Figure 1(A,B).

To further confirm the effects OSR mediating the glutamate
pathway, we analyzed the content of glutamate by chemical chro-
matometry, NMDARNRI subunit gene expression by quantitative
real-time PCR and NMDARNRI protein expression by Western
blot (Figure 1C-E). We observed that the exposure of neurons to
OGD/Rep increased the content of glutamate compared with the
control group. In contrast, treatment with OSR (5, 20, 80 uM)
and the NIM can decrease the content of glutamate compared
with the vehicle group. Further, we observed that exposure to
OGD/Rep resulted in increased levels of mRNA and protein
expression from the NMDARNRI subunit compared with the con-
trol group. However, the OSR (80 uM) and NIM groups exhibited
decreased levels of mRNA and protein expression from the
NMDARNRI1 subunit compared with the vehicle group. These
data showed that OSR exerted inhibitory effects against OGD-/
Rep-induced excitotoxicity through overactivation of NMDAR.

Confocal microscopy was used to determine the intracellular
calcium ion concentration ([Ca®*];) and the level of mitochondrial
membrane potential (MMP). The intracellular Ca** concentration
at OGD 2 h/Rep 24 h showed significant increases compared with
the control group. In contrast, NIM could significantly decrease
the intracellular Ca?* concentration in comparison with the vehi-
cle group. Furthermore, the OSR treatment could also signifi-
cantly decrease the intracellular Ca®* concentration in a dose-
dependent manner in comparison with the vehicle group. This
result indicated that OSR can inhibit the NMDA-induced increase
in [Ca®*]; (Figure 2). The fluorescent probe JC-1 was used to mea-
sure the loss of MMP (4¥m) in hippocampal cultures exposed to
OGD/Rep [10]. MMP was assessed in neurons to measure the
changes in 4¥m with a fluorescent dye JC-1 that presents red flu-
orescence when 4¥m is high, and green fluorescence when 4¥m
is low. This result was depicted as Figure 2B. After exposure to
OGD for 2 h followed by OGD/Rep for 24 h alone, MMP signifi-
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cantly decreased compared with the control group. However, the
OSR treatment and the NIM treatment significantly raised the
level of 4¥m. These data clearly demonstrated that OSR can
maintain 4¥m at OGD 2 h/Rep 24 h.

In the present study, malondialdehyde (MDA), nitric oxide syn-
thase (NOS), nitric oxide (NO), superoxide dismutase (SOD), cata-
lase (CAT), and glutathione peroxidase (GSH-Px) were measured
by chemical colorimetry [11], and we found that MDA, NOS, and
NO levels increased significantly as a result of free radical genera-
tion induced by OGD/Rep. Moreover, OGD-/Rep-induced neu-
ronic injury resulted in a markedly decreased SOD, CAT, and
GSH-Px activity. These findings are in agreement with previous
reports. In contrast, the OSR treatment obviously reduced the
level of MDA, the content of NO and the activity of NOS,
and increased SOD, CAT, and GSH-Px at OGD 2 h/Rep 24 h
(Figure 2).

In summary, we report a novel finding concerning the protec-
tive effect of OSR on OGD/Rep neuronal injury in vitro. Such pro-
tective effects are mediated by its action on anti-excitotoxicity,
suppression of the intracellular Ca** elevation, and inhibition of
oxidative stress impairment. Although more precise mechanistic
studies are necessary to fully clarify the neuroprotection of OSR,
these findings can encourage further studies. The present findings
provide a preliminary pharmacological basis for the therapeutic
use of OSR for cerebral ischemia.
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