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Background: Stevioside, isolated from the herb Stevia rebaudiana, has been widely
used as a food sweetener all over the world. Isosteviol Sodium (STV-Na), an
injectable formulation of isosteviol sodium salt, has been proved to possess
much greater solubility and bioavailability and exhibit protective effects against
cerebral ischemia injury in vivo by inhibiting neuron apoptosis. However, the
underlying mechanisms of the neuroprotective effects STV-Na are still not
completely known. In the present study, we investigated the effects of STV-Na
on neuronal cell death caused by hypoxia in vitro and its underlying mecha-
nisms. Methods: We used cobalt chloride (CoCl2) to expose mouse neuroblastoma
N2a cells to hypoxic conditions in vitro. Results: Our results showed that pretreat-
ment with STV-Na (20 mM) significantly attenuated the decrease of cell viability,
lactate dehydrogenase release and cell apoptosis under conditions of CoCl2-
induced hypoxia. Meanwhile, STV-Na pretreatment significantly attenuated the
upregulation of intracellular Ca2+ concentration and reactive oxygen species pro-
duction, and inhibited mitochondrial depolarization in N2a cells under conditions
of CoCl2-induced hypoxia. Furthermore, STV-Na pretreatment significantly
downregulated expressions of nitric oxide synthase, interleukin-1b, tumor necro-
sis factor-a, interleukin-6, nuclear factor kappa B (NF-kB), and mitogen-activated
protein kinase (MAPK) signalings in N2a cells under conditions of CoCl2-induced
hypoxia. Conclusions: Taken together, STV-Na protects neural cells against hyp-
oxia-induced apoptosis through inhibiting MAPK and NF-kB pathways.
Key Words: Cerebral ischemia—STV-Na—cobalt chloride—hypoxia-–cell
apoptosis—mitogen-activated protein kinase
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Introduction

Cerebral ischemia is one of the leading causes of adult
mortality and disability and seriously threats to human
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health all over the world,1-3 Numerous studies indicate
that cerebral ischemia is a very complicated process
with multiple mechanisms, including oxidative stress,
excitotoxicity, mitochondrial dysfunction, intracellular
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calcium overload, and apoptosis.4-6 Recently, a body of
researches report that inflammation plays a critical role in
cerebral ischemic damage.7-9 Cerebral ischemia activates
inflammatory responses and produces cytotoxic substances
including inducible nitric oxide synthase (iNOS), interleu-
kin-1b (IL-1b), tumor necrosis factor-a (TNF-a), interleu-
kin-6 (IL-6), and other proinflammatory mediators,
eventually resulting in more neuronal death.10 A mount of
studies have shown that nuclear factor kappa B (NF-kB)
and mitogen-activated protein kinase (MAPK) signaling
cascades, including the extracellular signal-regulated
kinases (ERK1/2), c-Jun NH2-terminal kinases (JNK), and
p38, are activated in response to cerebral ischemia and play
crucial roles in regulating proinflammatory mediators pro-
duction, and apoptosis.11-13 During ischemia, NF-kB sub-
unit p65 is activated by phosphorylation, translocates into
the nucleus and then binds to the DNA binding site related
to regulating the transcriptions of proinflammatory media-
tors genes.14,15 Moreover, MAPKs activation could also fur-
ther activate transcription factors, inducing exaggerated
synthesis of proinflammatory cytokines, subsequently trig-
gering inflammatory responses, and institution of the apo-
ptotic cascade.16 Nowadays, numerous studies show that
natural products display neuroprotective effects by sup-
pressing the NF-kB andMAPK signaling pathways.17-19

Stevioside, a natural sweetener isolated from the herb
Stevia rebaudiana, has been widely used as a food sweetener
all over the world. Stevioside has been known to have a
variety of properties including antihyperglycemic, antihy-
pertensive, and anticancer.20-22 STV-Na, an injectable formu-
lation of isosteviol sodium salt, has been proved to possess
much greater solubility and bioavailability and has the
potential to be widely applied as an emergency treatment.23

Recent studies reported that STV-Na exhibits protective
effects against traumatic brain injury and permanent cere-
bral ischemia injury in vivo by inhibiting inflammatory
responses24-26; however, the underlying mechanisms of the
neuroprotective effects STV-Na on ischemia injury are still
not completely known.
In the present study, we investigated the neuroprotec-

tive effects STV-Na using an in intro ischemia model
(mouse neuroblastoma N2a cells treated with cobalt chlo-
ride [CoCl2]), which is a well-known hypoxia mimetic
and has been widely used to mimic ischemic conditions in
various cultured cells27�29 and its underlying mechanism.
Our results demonstrate that STV-Na protects neuron
cells from CoCl2-induced hypoxia by attenuating expres-
sion of inflammatory factors via inhibiting the MAPKs
and NF-kB signaling pathways.

Materials and Methods

Cells and Reagents

Mouse neuroblastoma N2a cells, obtained from American
Tissue Culture Colection (ATCC), were cultured in Dulbec-
co's modified Eagle's medium supplemented with 10% fetal
bovine serum, Penicillin/Streptomycin at 37°C in 5% CO2.
STV-Na was provided by the Chemical Development Labo-
ratories of Key Biological Pharmaceutical Company (Dong-
guan, China). Cobalt chloride (CoCl2) was purchased from
Sigma Chemical Corporation.
Cell Viability Assay

Cell viability was measured using the Cell Counting
Kit-8 (Beyotime, China), according to the manufacturer's
instructions. Briefly, N2a cells were plated in 96-well
plates and then treated with CoCl2 alone. Some cells were
pretreated with different concentrations of STV-Na 2
hours before CoCl2 exposure. After the treatments, 10 ml
CCK-8 was added to each well, incubated for 2 hours at
37°C, and then the absorbance was measured at 450 nm
using automated ELISA reader (47-1001, BERTHOLD
TECHOLOGIES, Germany). Cell viability was expressed
as a percentage of the control.
Lactate Dehydrogenase Release Assay

The amount of lactate dehydrogenase (LDH) released
from the cells at 24 hours after treatments was measured
by the LDH Cytotoxicity Assay Kit (Beyotime, China),
according to the manufacturer's instructions. Result of
LDH release was expressed as a percentage of the control.
Flow Cytometric Analysis

Cell apoptosis was measured using the Annexin
V-FITC/PI apoptosis kit (MultiScience, China), accord-
ing to the manufacturer's instructions. Briefly, N2a
cells cultured in 6-well plates were treated with CoCl2
and/or STV-Na for 24 hours. The cells were harvested,
washed twice with ice-cold Phosphate Buffered Saline
(PBS), and then stained with 5 ml Fluoresceine
isothiocyanate (FITC)-labeled Annexin-V and 10 ml PI
for 20 minutes at room temperature. Then, the stained
cells were analyzed by flow cytometry (FACSCelesta 2,
BD Biosciences, Franklin Lakes, NJ). The apoptotic rate
was calculated as the percentage of early/primary apo-
ptotic cells (Annexin V+/PI¡) and late/secondary apo-
ptotic cells (Annexin V+/PI+).
Determination of Intracellular Ca2e of N2a Cells

The intracellular Ca2+ levels were determined using
a fluorescence dye Fluo-4 AM (Beyotime, China),
according to the manufacturer's instructions. Cells
were washed with PBS twice and then loaded with
10 mmol/l Fluo-4 AM and 5 mg/ml Hoechst 33342 for
30 minutes in incubator at 37°C in the dark. After that,
the fluorescence of Ca2+ in cells was observed under a
fluorescence microscope (Axio Image A2, Zeiss, Ger-
many). The fluorescence intensity of Ca2+ was ana-
lyzed by Image J software.
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Determination of Intracellular Reactive Oxygen Species
of N2a Cells

The intracellular reactive oxygen species (ROS) levels
were determined using an ROS Assay Kit (Beyotime,
China), according to the manufacturer's instructions. Cells
were washed with PBS twice and then loaded with
10 mmol/l DCFH-DA and 5 mg/ml Hoechst 33342 for 30
minutes in incubator at 37°C in the dark. After that, the
fluorescence of ROS in cells was observed under a fluores-
cence microscope (Axio Image A2, Zeiss, Germany). The
fluorescence intensity of ROS was analyzed by Image J
software.

Determination of Mitochondrial Membrane Potential of
N2a Cells

The mitochondrial membrane potential (MMP) of N2a
cells was determined using JC-1 dye (Beyotime, China),
according to the manufacturer's instructions. Cells were
washed with PBS twice and then stained with 2 mm/l
JC-1 at 37°C for 15 minutes. After that, JC-1 fluorescence
was detected with confocal laser scanning microscopy
(LSM800, Zeiss, Germany). Under the confocal laser scan-
ning microscope, green fluorescence showed the cells
with low4Cm indicating that JC-1 maintains monomeric
form while red fluorescence showed the cells with high
4Cm. The relative proportions of red and green fluores-
cence were used to measure the extent of mitochondrial
depolarization.

Quantitative Real-Time Polymerase Chain Reaction

The proinflammatory gene expression levels in cells
were analyzed by quantitative real-time polymerase
chain reaction (qRT-PCR), as previously described.25

qRT-PCR primers were as follows: IL-6, 50-GATT
TACATAAAATAGTCCTTCCTACC-30 and 50-GGTTTG
CCGAGTAGATCTCAAAGTG-30; TNF-a, 50-aCAA
GCCTGTAGCCCACGTC-30 and 50-aAGACTCCTCCC
AGGTATATGG-30; IL-1b, 50-aCGATGCACCTGTA
CGATCA-30 and 50-TCTTTCAACACGCAGGACAG-30;
iNOS, 50-GTTCTCAGCCCAACAATACAAGA-30 and
50-GTGGACGGGTCGATGTCAC-30; GAPDH, 50-TC
AACAGCAACTCCCACTCTTCCA-30 and 50-aCCCTG
TTGCTGTAGCCGTATTCA-30.

Western Blotting

After treatment, N2a cells were collected and then lysed
with NP40 lysis buffer (Beyotime, China). Whole cell
lysates were subjected to Sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and immuno-
blotting, as previously described.25 Primary antibodies
against Bcl2 (ab32124, Abcam), Bax (ab32503, Abcam),
cleaved caspase3 (ab49822, Abcam), p38 (14064-1 AP,
Proteintech), phosphorylated p38 (p-p38) (ab47363,
Abcam), JNK (51151-1 AP, Proteintech), phosphorylated
JNK (p-JNK; ab219584, Abcam), ERK1/2 (16443-1 AP,
Proteintech), phosphorylated ERK1/2 (p-ERK1/2)
(ab214362, Abcam), NF-kB p65 (10745-1 AP, Proteintech),
phosphorylated NF-kB p65 (p-p65; ab86299, Abcam), and
a-tubulin (112241-1 AP, Proteintech) were used.
Statistical Analysis

Statistically significant differences between groups
were determined by the Student's t test. Differences with
P values of less than .05 were considered statistically sig-
nificant.
Results

STV-Na Protected N2a Cells Against Apoptosis Under
Conditions of CoCl2-Induced Hypoxia

The cell viability assays showed that CoCl2 treatment
decreased cell viability in a concentration- and time-
dependent manners (Fig 1A and B). Compared with con-
trol, cell viability of N2a cells treated with 300 mM CoCl2
for 24 hours significantly reduced to 52.8%. Therefore, a
treatment of 300 mM CoCl2 for 24 hours was used to
induce N2a cell injury in subsequent experiments. As
shown in Figure 1C, pretreatment with STV-Na progres-
sively attenuated CoCl2-induced cell injury in N2a cells
and 20 mM STV-Na treatment had the most significant
protectively effect. Consistent with the results of cell via-
bility assays, pretreatment with STV-Na notably sup-
pressed CoCl2-induced LDH release in N2a cells, which is
a marker widely used to evaluate the damage and toxicity
of cells,17 and 20 mM STV-Na treatment had the most sig-
nificant effect (Fig 1D). Moreover, pretreatment with
20 mM STV-Na had the most significant effect on inhibit-
ing CoCl2-induced cell apoptosis, detected by flow cytom-
etry (Fig 1E). Thus, we used 20 mM STV-Na in all
subsequent experiments. Taken together, STV-Na pro-
tected N2A cells against CoCl2-induced apoptosis.
STV-Na Attenuated the Upregulation of Intracellular Ca2+

Concentration in N2a cells Under Conditions of CoCl2-
Induced Hypoxia

Dysregulation of intracellular Ca2+ homeostasis has
been reported to be a key mechanism on neuron apoptosis
and plays a critical role in stroke.6 To investigate the effect
of STV-Na on intracellular Ca2+ concentration in an in
intro ischemia model, Ca2+ expression was detected by
Fluo-4 AM dying. As observed in Figure 2, compared
with the control or STV-Na treatment alone group, the
intracellular Ca2+ concentration in CoCl2-treated N2a cells
was significantly increased. As expected, pretreatment
with STV-Na could effectively attenuate CoCl2-induced
upregulation of the intracellular Ca2+ concentration in
N2a cells (Fig 2A and B).



Figure 1. STV-Na protected N2a cells against apoptosis under conditions of CoCl2-induced hypoxia. (A) N2a cells were treated with different concentrations of
CoCl2 for 24 hours. After that, cell viability was detected by CCK-8. (B) N2a cells were treated with 300mMCoCl2 for the indicated hours. After that, cell viabil-
ity was detected by CCK-8. (C-E) N2a cells were pretreated with different concentrations of STV-Na 2 hours before exposure to 300 mM CoCl2 treatment. After
24 hours, cell viability, LDH release and apoptotic rates were detected by CCK-8 (C), LDH Cytotoxicity Assay Kit (D) and flow cytometry (E), respectively.
Data are represented as means § SD (n = 3; *represents P < .05, **represents P < .01). Abbreviation: LDH, lactate dehydrogenase.
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Figure 2. STV-Na attenuated the upregulation of intracellular Ca2+ con-
centration in N2a cells under conditions of CoCl2-induced hypoxia. (A) N2a
cells were pretreated with 20 mM STV-Na 2 hours before exposure to
300 mM CoCl2 treatment. After 24 h, the intracellular Ca2+ levels (green)
were determined by Fluo-4 AM under fluorescence microscope. Nucleus
were stained with Hoechst 33342 in blue. Control, normal N2a cells without
any treatment; STV-Na, N2a cells treated with STV-Na, but not CoCl2;
Hypoxia, N2a cells treated with CoCl2; Hypoxia + STV-Na, N2a cells
treated with STV-Na before CoCl2 treatment. (B) intracellular Ca2+ fluores-
cence intensity was measured and presented in bar graph. Data are repre-
sented as means § SD (n = 3; *represents P < .05, **represents P < .01).
Abbreviation: SD, standard deviation. Color version of figure is available
online.
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STV-Na Relieved ROS Production, Mitochondrial
Depolarization, and Proapoptotic Protein Expressions in
N2a Cells Under Conditions of CoCl2-Induced Hypoxia

ROS overloaded and the depolarization of the mito-
chondrial membrane are the characteristic features of neu-
ron apoptosis and are closely involved in the process of
stroke.5 To investigate the effects of STV-Na pretreatment
on the oxidative stress in N2a cells under conditions of
CoCl2-induced hypoxia, we examined the ROS produc-
tion and MMP using 2,7-Dichlorodi -hydrofluorescein
diacetate (DCFH-DA) and JC-1 dying, respectively. As
observed in Figure 3A and C, DCFH-DA fluorescence
intensity was significantly increased in N2a cells treated
with CoCl2, compared with the control or STV-Na treat-
ment alone group. However, STV-Na pretreatment
markedly relieved ROS production in N2a cells under
conditions of CoCl2-induced hypoxia. Similarly, STV-Na
pretreatment significantly attenuated CoCl2-induced
mitochondrial depolarization (Fig 3B and D), suggesting
that STV-Na pretreatment suppressed oxidative stress
responses in N2a cells under conditions of CoCl2-induced
hypoxia.
To further understand the protective effects of STV-

Na on mitochondrial function, we examined the
expressions of Bax and Bcl2, which play important
roles in regulating mitochondrial membrane potential
integrity and maintaining mitochondrial function,5,28 in
N2a cells under conditions of CoCl2-induced hypoxia.
As shown in Figure 3E and F, hypoxia significantly
induced an increase in the expression of proapoptotic
protein Bax and cleaved Caspase3, and decrease in the
expression of antiapoptotic protein Bcl-2, compared
with the control or STV-Na treatment alone group.
However, STV-Na pretreatment notably inhibited
CoCl2-induced the upregulated expression of Bax and
the downregulated expression of Bcl2, and decreased
the Bax/Bcl2 expression ratio.

STV-Na Inhibited Proinflammatory Gene Expressions in
N2a Cells Under Conditions of CoCl2-Induced Hypoxia

Proinflammatory cytokines such as TNF-a, IL-6, IL-
1b, and iNOS play pivotal roles in neuron apoptosis
and the pathogenesis of ischemic stroke. To investigate
the effects of STV-Na treatment on the inflammatory
response in N2a cells under conditions of CoCl2-
induced hypoxia, we examined the mRNA expression
levels of TNF-a, IL-6, IL-1b, and iNOS by qRT-PCR.
The results showed that under conditions of CoCl2-
induced hypoxia, the mRNA expression levels of TNF-
a, IL-6, IL-1b, and iNOS were significantly elevated,
compared with the control or STV-Na treatment alone
group (Fig 4). When pretreated with STV-Na, TNF-a,
IL-6, IL-1b, and iNOS mRNA expression levels were
significantly inhibited in N2a cells under hypoxia con-
dition, indicating that STV-Na could decrease inflam-
matory response after hypoxia injury.

STV-Na Inhibited MAPKs and NF-kB Signalings in
N2a Cells Under Conditions of CoCl2-Induced Hypoxia

MAPKs and NF-kB signalings are activated in
response to cerebral ischemia and play crucial roles in
inducing proinflammatory mediators and apoptosis.13-
16 Hence, we investigated whether MAPKs and NF-kB
signalings participated in the neuroprotective effect of
STV-Na on CoCl2-induced hypoxia injury by Western
blotting. As shown in Figure 5, p-p38, p-ERK1/2, p-
JNK, and p-p65 protein expression levels were all



Figure 3. STV-Na relieved ROS production, mitochondrial depolarization, and proapoptotic protein expressions in N2a cells under conditions of CoCl2-induced
hypoxia. N2a cells were pretreated with 20 mM STV-Na 2 hours before exposure to 300 mM CoCl2 treatment. After 24 hours, ROS production (A) and mito-
chondrial membrane potential (B) were determined by DCFH-DA or JC-1 dying, respectively. Nucleus were stained with Hoechst 33342 in blue. (C) ROS fluo-
rescence intensity was measured and presented in bar graph. (D) MMP fluorescence intensity was calculated as the red/green fluorescence ratio. (E) Bax, Bcl2,
cleaved caspase3, and a-tubulin protein expression levels were determined by Western blotting. (F) Bax/Bcl2 expression ratio was measured and presented in
bar graph. Data are represented as means § SD (n = 3; *represents P < .05, **represents P < .01). Abbreviations: MMP, mitochondrial membrane potential;
ROS, reactive oxygen species; SD, standard deviation. Color version of figure is available online.
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significantly increased in N2a cells under conditions of
CoCl2-induced hypoxia, compared with the control or
STV-Na treatment alone group. Whereas STV-Na pre-
treatment notably inhibited the CoCl2-induced upregu-
lation expression of p-p38, p-ERK1/2, p-JNK, and p-
p65 (Fig 5), suggesting that STV-Na protects neural
cells against hypoxia-induced apoptosis through inhib-
iting MAPKs and NF-kB pathways.



Figure 4. STV-Na inhibited proinflammatory gene expressions in N2a cells under conditions of CoCl2-induced hypoxia. N2a cells were pretreated with 20 mM
STV-Na 2 hours before exposure to 300 mM CoCl2 treatment. After 24 hours, mRNA expression levels of TNF-a (A), IL-6 (B), IL-1b (C), and iNOS (D) were
determined by qRT-PCR. Data are represented as means § SD (n = 3; *represents P < .05, **represents P < .01). Abbreviations: SD, standard deviation; qRT-
PCR, quantitative real-time polymerase chain reaction.
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Discussion

CoCl2-induced hypoxia injury model has been widely
used to elucidate the mechanisms related to ischemia hyp-
oxia-linked cell apoptosis in vitro in recent years,30,31 and
STV-Na has been demonstrated to have neuroprotective
effects on ischemia-induced injury.24-26 However, the
potential mechanisms underlying the neuroprotective
effect of STV-Na in hypoxia/ischemia-induced neuronal
injury is still not known clearly. In the present study, we
first demonstrate that STV-Na protects neural cells against
hypoxia-induced apoptosis including attenuating the
upregulation of intracellular Ca2+ concentration, ROS pro-
duction, inhibiting mitochondrial depolarization in N2a
cells under conditions of CoCl2-induced hypoxia through
inhibiting MAPK and NF-kB pathways.
Accumulating evidence reveals that hypoxia/ischemia

plays an extremely important role in secondary neuronal
injury because this condition results in overloaded
ROS.32,33 Excessive ROS production in the brain is widely
believed to contribute to cerebral ischemia and neurode-
generative processes,34 through inducing dysregulation of
intracellular Ca2+ homeostasis and loss of MMP, eventu-
ally resulting in overexpressions of iNOS, IL-1b, TNF-a,
and IL-6. We observed that STV-Na protected the hyp-
oxia-induced N2a from cell damage and significantly
reduced ROS production following hypoxia (Fig 3A).
Besides, STV-Na treatment significantly decreased the
loss of MMP and the expression of iNOS, IL-1b, TNF-a,
and IL-6 (Fig. 3 and 4).
The MAPK pathway contributes to the hypoxia-

induced apoptosis in neuroblastoma cells.35 Previous
study demonstrated that hypoxia activated MAPK signal-
ing pathways by enhancing phosphor-ERK, JNK, and p38
MAPKs in different cells.36 STV-Na inhibited MAPKs cas-
cades by inhibiting phosphor-ERK, JNK and p38 expres-
sion in N2a cells after 24 hours hypoxia (Fig 5). These
observations are consistent with those reported by other
investigators who stated that hypoxia resulted in the acti-
vation of MAPKs in neuronal cells32,37 and that inhibition
of the phospho-JNK, ERK, or p38 MAPK pathways
reduces acute ischemic injury.38,39 Other investigations
have shown that inhibition of apoptotic markers (MAPKs
and caspase-3) reduces hypoxia-induced neuron death.40

Therefore, the effects of STV-Na might be mediated
through repression of MAPK activation. Hypoxia-
induced N2a cell death can be partially prevented by
STV-Na. The effect of STV-Na on N2a cell death was
probably via attenuation of ROS generation during hyp-
oxia and the concomitant downregulation of MAPKs
expression. Regulation of ROS generation, MAPK cas-
cades, and apoptosis by STV-Na might lead to protection
of neuronal cells from hypoxic insults.
NF-kB which is a family of transcription factors and

known as a dominant regulator plays a critical role in inflam-
mation, oxidative stress and immunity.41 NF-kB signaling



Figure 5. STV-Na inhibited MAPKs and NF-kB signalings in N2a cells under conditions of CoCl2-induced hypoxia. N2a cells were pretreated with 20 mM
STV-Na 2 hours before exposure to 300 mM CoCl2 treatment. After 24 hours, protein expression levels of a-tubulin, p38, p-p38 (A), ERK1/2, p-ERK1/2 (C),
JNK, p-JNK (E), p65, p-p65 (G) were determined by Western blotting. Relative expression level of p-p38 (B), p-ERK1/2 (D), p-JNK (F), and p-p65 (H) were cal-
culated by normalizing to that of a-tubulin, respectively. Data are represented as means § SD (n = 3; *represents P < .05, **represents P < .01). Abbreviations:
MAPK, mitogen-activated protein kinase; SD, standard deviation.
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pathway could be activated or inactivated by different fac-
tors or stimulus signaling, such as TNF-a, caspase-3, JNK,
ROS, and ERK.42 On the contrary, upon stimulation, the acti-
vation of NF-kB could induce the expression of many proin-
flammatory genes, including COX-2, TNF-a, and iNOS.43

Meanwhile, the activation of NF-kB signaling pathway can
regulate apoptosis under the hypoxic environment.44 The
previous study showed that STV-Na could protect against
permanent cerebral ischemia and experimental traumatic
brain injury via Inhibition of NF-kB-mediated inflammatory
and apoptotic responses. Consistently, in the present study,
STV-Na treatment could significantly reduce the expressions
of p-P65 protein and its downstream TNF-a, IL-6, IL-1b,
and iNOS mRNA expression levels were significantly inhib-
ited (Fig 4). Thus, we hypothesized that STV-Na may have a
neuroprotective effect through inhibition of NF-kB signaling
pathway to attenuate apoptosis by hypoxia.
In some diseases of ischemia and hypoxia, abnormal

pathological reaction enhances the MAPK or NF-kB sig-
naling pathway.41 The aberrant activations of MAPK and
NF-kB signaling pathways both have critical effects on
hypoxia-induced apoptosis and death,36�39 which was
found in N2a cells according to previous studies.36

According to our reports, we observed that STV-Na pre-
treatment suppressed hypoxia-caused upregulation of
the phosphorylation activity of ERK, JNK, p38, and
NF-kB-p65. This indicated that STV-Na might mediate
the hypoxia progression in N2a cells by inhibiting cel-
lular apoptosis, which was linked to MAPK and NF-
kB signaling pathways. In conclusion, this study pro-
vided the novel mechanistic evidence that STV-Na
attenuates the CoCl2-induced apoptosis and cytotoxic-
ity through inhibition of the MAPK and NF-kB path-
way in N2a cells. The findings of this study provide
the clues for STV-Na treatment to cerebral ischemia,
such as anti-inflammation, anticytotoxicity, antiapopto-
sis, antioxidative stress, antiendoplasmic stress, and
mitochondrial protection. However, more studies are
required, such as animal experiment in vivo and the
effects of STV-Na on CoCl2-treated different cells or
organs.
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