
ABSTRACT

Purpose: Hypoxic-ischemic brain injuries influence the mechanisms of signal trans

duction, including mitogen-activated protein kinase (MAPK) that regulates gene 

expression through transcription factor activity. Several attempts have been made to 

use bee venom (BV) to treat neurological diseases. However, limited data are avail

able for brain injuries such as neonatal hypoxic-ischemic encephalopathy (HIE) and 

neurodegenerative disorders. The purpose of this study was to investigate the neuro

protective effects of BV by determining the expression of activated MAPK pathways. 

Methods: We examined activation and cell viability in hypoxia (1% O2, 5% CO2, 94% 

N2) in low glucose-treated (H+low G) neuronal cells and astrocytes in the presence 

and absence of BV. After they were subjected to hypoxic conditions and treated with 

low glucose, the cells were maintained for 0, 6, 15, and 24 h under normoxic condi

tions. 

Results: Extracellular-signal-regulated kinases 1/2 (ERK1/2), p38 MAPK, and stress-

activated protein kinases (SAPK)/Jun amino-terminal kinases (JNK) were activated 

in H+low G conditions. Particularly, phosphorylation of ERK1/2 was maximized 6 h 

after exposure to H+low G condition. BV specifically inhibited the phosphorylation 

of ERK1/2. However, BV had no effect on p38 MAPK or SAPK/JNK. In addition, BV 

improved neuronal cell and astrocytes viability following exposure to H+low G.

Conclusion: ERK inactivation is known to mediate protective effects in hypoxic brain 

injury. Taken together, these results suggest that treatment with BV may be helpful in 

reducing hypoxic injury in neonatal HIE through the ERK signaling pathway.
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INTRODUCTION

Bee venom (BV) has been used for medical purposes around 

the world, particularly in oriental countries. Recently, the Food 

and Drug Administration (FDA) approved the use of BV for 

allergy desensitization1). BV has many biologic activities includ

ing anti-inflammatory, anti-neurotoxic, anti-bacterial, anti-

allergic, and anti-hypertensive effects and regulatory functions 

in the autonomic nervouse system2-4). BV has been used to treat 

rheumatioid arthritis, Parkinson’s disease, multiple sclerosis, 

neuro-muscular pain syndrome, skin disease, and immune 

disease5,6).

BV contains various peptides, enzymes, and non-peptide 

components. BV peptides include melittin, apamin, mast cell 

degranulation peptide and adolapin. 

The non-peptide components of BV consist of histamine, 

dopamine, noradrenaline, carbohydrates and some lipids. BV 

enzymes include phospholipase A2 (PLA2), hyaluronidase, acid 

phosphomonoesterase, α-d-glucosidase, and lypophospholi

pase7).

Hypoxic-ischemic brain injury is a pathological insult that 

resulting in energy failure caused by low arterial oxygen tension 

and inadequate blood flow8,9). The cerebral neuronal response 

to hypoxia results in a massive release of glutamate followed by 

calcium influx, inflammatory cytokine release, and reactive oxy

gen species (ROS) formation10,11). These conditions cause a criti

cal shortage of energy (energy crisis). There is growing evidence 

that the mechanisms underlying the neuronal damage caused 

by hypoxia involve the activation of multiple intracellular signal 

transduction pathways12,13). These signal transduction pathways 

modulate multiple kinases including protein kinase C and 

mitogen activated protein kinase (MAPK)8). The MAPK family is 

mainly composed of key regulatory proteins that control inflam

mation and physiological processes. These protein are regulated 

by phosphorylation cascades14,15), and phosphorylation plays a 

crucial role in their regulatory function16). 

In mammals, there are at least three distinct groups of MAPKs, 

including extracellular-signal-regulated kinases 1/2 (ERK1/2), 

stress-activated protein kinases (SAPK)/Jun amino-terminal 

kinases (JNK) and p38 MAPK. MAPKs transduce a wide range 

of extracellular stimuli into various cellular responses by pro

ducing changes in the transcription of key genes. They also 

targets protein expression and play an important role in re

gulating neuronal death after hypoxia17,18). 

ERKs are widely expressed in nervous tissue and are associat

ed with cell survival19). They are activated by growth factors, 

intracellular calcium increases, glutamate receptor stimulation 

and mitogenic stimuli, and are involved in cell proliferation, 

division, development and differentiation20). On the other hand, 

SAPK/JNK and p38 MAPK are activated in response to various 

stresses such as hyperosmosis, oxidative stress, ultraviolet radia

tion, inflammatory cytokines, DNA damage and heat shock 

proteins. Through modulation of transcriptional factors expres

sion, they are involved in apoptosis, inflammation, cell cycle 

arrest, and cell differentiation19,21).

BV exerts anti-inflammatory effects by inhibiting nuclear 

factor kappa-B (NF-κB) activation and modulating the expre

ssion of various inflammatory cytokines such as tumor necrosis 

factor alpha2,3). BV is known to downregulate inducible nitric 

oxide synthase and cyclooxygenase-2, possibly through NF-κB 

and MAPK activation in neuronal and glial cells3,22). Additio

nally, melittin, a major component of BV, has anti-inflammatory 

effects by decreasing the expression of inflammatory cytokines 

through the regulation of NF-κB and MAPK signaling pathways 
23). Finally, prion protein-mediated activation of p38 MAPK and 

cleaved caspases and the inactivation of Akt are blocked by BV 

PLA2
24).

Limited data are available for brain injuries such as neonatal 

hypoxic-ischemic encephalopathy, neurodegenerative disor

ders and excitotoxicity. Furthermore, it is not clearly understood 

whether BV can function as a neuroprotective agent, and whe

ther it has effects on members of MAPK involved in the neuro

protection of hypoxia-induced injuries in neuronal model 

systems. Therefore, the aim of the present study was to investi

gate whether BV could reduce cell injury following exposure to 

hypoxic and low-glucose condition (H+low G). This study also 

evaluated whether MAPK pathways, including ERK, p38 MAPK 

and SAPK/JNK, are associated with the mechanisms of the 

neuroprotective effects of BV.  

MATERIALS AND METHODS

1. Materials (Chemicals and Reagents)
BV was obtained from the National Institute of Agricultural 

Science and Technology, Suwon, Korea. BV was collected with 

a BV collecting device (Chung-Jin Biotech Ltd., Ansan, Korea) 
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under sterile laboratory conditions. Poly-D-lysine was pur

chased from Sigma (St. Louis, MO, USA). Secondary goat anti-

rabbit IgG-HRP was obtained from Santa Cruz Biotechnology 

(Santa Cruz, CA, USA). Phospho-p44/42MAPK (ERK1/2), p44/ 

42MAPK (ERK1/2), phospho-p38 MAPK, p38 MAPK, phospho-

SAPK/JNK, and SAPK/JNK antibodies were purchased from 

Cell Signaling Technology (Danvers, MA, USA). 3-(4,5-dime

thylthiazol-2-yl)-2,5-diphenyl-tetrazoliumbromide (MTT) was 

from Duchefa (Haarlem, The Netherlands). Hanks' balanced 

salt solution (HBSS), Neurobasal media, B27 supplement, glu

tamax I, and HEPES were obtained from GibcoBRL (Invitrogen, 

Grand Island, NY, USA). Dulbecco's Modified Eagle's Medium 

DMEM (high glucose-4,500 mg/L, low glucose-1,000 mg/L), 

fetal bovine serum (FBS), penicillin-streptomycin, and trypsin-

EDTA were obtained from Hyclone Laboratories (Logan, UT, 

USA). Enhanced chemiluminoscence kit and a western blotting 

detection system were purchased from Amersham Biosciences 

(Piscataway, NJ, USA).

2. Cortical Neuronal Cell and Astrocyte Cultures
This study was performed in accordance with the approved 

animal use guidelines of the Catholic University of Daegu. Cul

ture of cortical neuronal cells from rat embryos followed the 

Brewer method25). To obtain primary cultured cortical neurons, 

the cortex was dissected from an embryonic 14-day-old (E14, 

both sexes) Sprague Dawley rat brain. The blood vessels and 

meninges were removed under a microscope, and the cortices 

were then dissected in 37˚C HBSS containing 1 mM sodium 

pyruvate and 10 mM HEPES (pH 7.4). The dissected brain 

cortical tissues were placed in 2 mL trypsin and incubated in 

37˚C water bath for 1 min to dissociate the cells. After washing 

five times with 10 mL HBSS, the cells were rinsed in 1 mL HBSS, 

and gently dissociated by several passages through a small-bore 

Pasteur pipette. The cell suspension was centrifuged at 1,000 

rpm at 25˚C for 5 min. Cell pellets were washed with HBSS 

(without phenol red). The cells were suspended in Neurobasal 

media supplemented with 2% B27 and 0.5 mM glutamax I. 

Cells were seeded at a density of 2×106 cells/mm2 onto culture 

dish precoated with 50 μg/mL poly-D-lysine. Cultures were 

maintained in Neurobasal media at 37°C in 95% humidified air 

with 5% CO2. 

Cortical astrocytes used for the primary cultures were pre

pared from the cerebral cortices of 1-day-old Sprague Dawley 

rats (both sexes) as previously described26). In summary, the 

brains were carefully collected and transferred into prechilled 

HBSS under sterile condition. Meninges were carefully remov

ed under a microscope. The cortex was chopped into pieces 

and resuspended in 3 mL 0.25% trypsin solution. After incuba

tion at 37˚C for 20 min, FBS was added to stop the action of 

trypsin. Following centrifugation at 1,000 rpm for 2 min, the cell 

pellet was dissociated in to single cells by pipetting several 

times, then passed through 80 mesh screens. After washing the 

suspension in phosphate buffered saline (PBS, pH 7.4) and 

centrifugation at 1,000 rpm for 5 min, dissociated single cells 

were incubated with DMEM (high glucose) supplemented with 

10% FBS, 25 mm HEPES, 2 mm l-glutamine, 100 U/mL peni

cillin, and 100 lg/mL streptomycin at a density of 3×105 cells/

mL. Cells were plated onto culture dishes and placed in con

ditions of 37˚C and 95% air with 5% CO2. 

For normoxia (N group), cells were placed in DMEM with 

high glucose (4,500 mg/L) and then incubated under normoxia 

conditions. For H+low G condition, cells were gently washed 

with PBS. DMEM containing low glucose (1,000 mg/L) was 

added to the culture dish. Neuronal cells were pretreated with a 

0.4 µg/mL concentrations of BV for 1 h. Astrocytes were pre

treated with a 2.5 µg/mL concentrations of BV for 1 h. Cells 

were placed in a hypoxia chamber (Billups-Rothenberg, Del 

Mar, CA, USA) and flushed with 1% O2 (premixed 1% O2, 5% 

CO2, 94% N2) for 5 min at a rate of 20 L/min. The chamber was 

sealed and placed at 37˚C for 9 h (neuronal cells) or 18 h (astro

cytes). Cells were returned to culture conditions and assessed 

0, 6, 15, and 24 h following exposure to H+low G condition. All 

experiments were performed at least four times.

3. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium 
bromide (MTT) Assay

An MTT assay was used to evaluate cell viability and cell 

growth. Cells were plated into 96-well cell culture plates. Cells 

were incubated in the presence of 0.5 mg/mL MTT. After 3-4 

hours of incubation at 37˚C in the dark, the medium was re

moved and the formazan dye was extracted using 100 µL of the 

lysing buffer (1:1 dimethyl sulfoxide:95% ethanol). Absorbance 

of the samples was determined at 540 nm using a microtiter 

plate enzyme-linked immunosorbent assay reader. The amount 

of formazan produced was proportional to the number of live 

and metabolically active cells.
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4. Protein Extraction for Neuronal Cells and Astrocytes
Growth medium from the cells was removed by aspiration. 

Cells were washed with PBS to remove residual medium. Cells 

were extracted with radioimmunoprecipitation assay lysis 

buffer (Rockland, Gilbertsville, PA, USA). After incubation for 5 

min on ice, total cell extracts were centrifuged at 12,000 rpm at 

4˚C for 10 min. Protein-containing supernatants were collected. 

Proteins were quantified using a BCA Protein Assay Kit (Ther

mo Scientific, Rockford, IL, USA) by taking spectrophotometric 

readings at 540 nm. Concentrations were estimated against a 

standard curve of bovine serum albumin (BSA). 

5. Sodium Dodecyl Sulfate-Polyacrylamide Gel Electro
phoresis (SDS-PAGE) and Western Blot Analysis

A total of 30 μg of protein from each sample was loaded for 

12% SDS-PAGE after denaturing in 5 x SDS gel-loading buffer 

(60 mM Tris-HCl pH 6.8, 25% glycerol, 2% SDS, 14.4 mM 2- 

mercaptoehanol and 0.1% bromophenol blue) in boiling water 

for 10 min. At the end of electrophoresis, proteins were electro

transferred onto a polyvinylidene difluoride membrane (Milli

pore, Bedford, MA, USA) at a constant voltage of 10 V for 27 

min. After transfer, the membrane was washed for 10 min in 1 x 

Tris-buffered saline (TBS) with 0.1% Tween-20 (TBST, pH 7.4) 

and preincubated with a blocking buffer (5% BSA in TBST) at 

room temperature (RT) for 1 h. The blots were then incubated 

with phospho-p44/42MAPK (p-ERK1/2), p44/42MAPK 

(ERK1/2), phospho-p38 MAPK (p-p38 MAPK), p38 MAPK, 

phospho-SAPK/JNK (p-SAPK/JNK), or SAPK/JNK primary 

antibodies at 1:1,000 dilutions in blocking buffer at 4˚C over

night. Next, the membrane was incubated with secondary anti-

rabbit antibody conjugated with horseradish peroxidase a 

1:2,000 dilution at RT for 1 h. Finally, the membrane was 

washed and visualized by using the ECL plus kit. The intensities 

of the western blot bands were measured using a densitometer 

(Multi Gauge Software, Fuji Photofilm, Tokyo, Japan).

6. Statistics Analysis
Data were analyzed using the SPSS version 22 (SPSS Inc., 

Chicago, IL, USA) statistical analysis package. Examined data 

were assessed using the t-test, and ANOVA. In each test, the 

data were expressed as the mean±standard deviation using Ex

cel 2007. A P-value lower than 0.05 was as considered statisti

cally significant.

RESULTS

1. Optimal Concentration of BV in Neuronal Cells and Astro
cytes

To find the optimum concentration of BV, cell viabilities were 

measured after treatment with different concentrations of BV for 

24 h (Figure 1). While concentrations of 0.2 or 0.4 μg/mL BV did 

not show cellular toxicity, neuronal cells treated with a 0.8 to 3 

μg/mL concentration of BV showed a statistically significant 

decrease in viability (P<0.01, n=4, Figure 1A; 0.0 µg/mL, 100±1%; 

0.2 µg/mL, 104±1%; 0.4 µg/mL, 107±2%; 0.6 µg/mL, 98±5%; 0.8 

µg/mL, 86±4%; 1.0 µg/mL, 83±3%; 3.0 µg/mL, 72±5%). At con

centrations above 5 μg/mL, BV significantly caused a decrease in 

astrocyte viability (P<0.01, n=4, Figure 1B; 0.0 µg/mL, 100±3%; 

0.8 µg/mL, 104±4%; 1.5 µg/mL, 107±4%; 2.5 µg/mL, 112±2%; 5.0 

µg/mL, 92±4%; 7.0 µg/mL, 77±3%; 9.0 µg/mL, 57±5%). These 

results indicated that the optimum concentrations of BV for 

A B 
Figure 1. Cell viabilities as determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) 
assay. Cells were treated with the indicated concentrations of bee venom for 24 h. (A) Neuronal cells (B) Astrocytes (*P< 
0.05, **P<0.01 compared to the control group [0.0 μg/mL]).
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relative cell viabilities of neuronal cells and astrocytes were 0.4 

and 2.5 μg/mL, respectively. Thus, all experiments in the pre

sent study were done using these optimum concentrations of 

BV. 

2. Effect of BV Pretreatment on Activation of MAPKs in Neu
ronal Cells Following Exposure to H+low G Condition 

The time course of non-phosphorylated ERK1/2, p38 MAPK, 

SAPK/JNK, p-ERK1/2, p-p38 MAPK, and p-SAPK/JNK activity 

was measured in neuronal cells 0, 6, 15, and 24 h following ex

posure H+low G conditions with or without be BV pretreat

ment (Figure 2-1, Figure 2-2). 

In neuronal cells, phosphorylation of ERK was increased 

about 1.5- to 3.5-fold in the H+low G group compared to the N 

group. It attained a peak phosphorylation level at 6 h but 

dropped to the lowest level at 15 h following exposure to H+low 

G condition (n=6, Figure 2-2A; N, 1.00±0.03; 0 h H+low G, 1.49 

±0.08; 6 h H+low G, 3.52±0.12; 15 h H+low G, 1.07±0.13; 24 h 

H+low G, 1.55±0.15). Phosphorylations of p38 MAPK (n = 6, 

Figure 2-2B; N, 1.00±0.24; 0 h H+low G, 4.64±0.50; 6 h H+low G, 

2.86±0.30; 15 h H+low G, 2.00±0.45; 24 h H+low G, 3.36±0.36) 

and SAPK/JNK (n=6, Figure 2-2C; N, 1.00±0.10; 0 h H+low G, 

1.88±0.08; 6 h H+low G, 1.36±0.12; 15 h H+low G, 1.18±0.13; 24 

h H+low G, 0.99±0.15) were increased about 4.6- and 2-fold 

after hypoxic insult in the H+low G group compared to the N 

group, respectively (Figure 2-2B and Figure 2-2C). Thereafter, 

the phosphorylation of SAPK/JNK decreased over time (Figure 

2-2C). The phosphorylation of p38 MAPK also tended to de

crease over time. It showed the lowest level of phosphorylation 

15 h following exposure to H+low G conditions (Figure 2-2B).

As shown in Figure 2-2A (n = 6, 0 h BV+H+ low G, 1.52±0.12; 6 

h BV+H+low G, 1.58±0.14; 15 h BV+H+low G, 0.78±0.13; 24 h BV 

Figure 2-1. Western blot analysis of MAPK signaling pathways 
following exposure to H+low G conditions in both the H+low G 
group and the BV+H+low G group in neuronal cells. Neuronal 
cells were pretreated with 0.4 µg/mL of bee venom (BV) for 1 h and 
then exposed to by H+low G conditions for 9 h. Nuclear extracts 
were subjected to a western blot,  using antibodies against ERK1/ 
2, p38 MAPK, SAPK/JNK, p-ERK1/2, p-p38 MAPK, and p-SAPK/
JNK. p-ERK1/2, p-p38 MAPK, and p-SAPK/JNK denote antibodies 
against the phosphorylated form of each protein. H+low G, and 
BV+H+low G denote conditions of hypoxia with low glucose 
alone and BV-pretreated hypoxia with low glucose, respectively. 
MAPK represents mitogen-activated protein kinase. N represents 
normoxia. The elapsed time after exposure to H+low G conditions is 
represented by 0 h, 6 h, 15 h, and 24 h. ERK1/2, extracellular-signal-
regulated kinases 1/2; SAPK/JNK, stress-activated protein kinases 
(SAPK)/Jun amino-terminal kinases (JNK).

Figure 2-2. Relative phospho-/nonphospho-ratio in MAPK signal pathways in neuronal cells. (A) ERK1/2 phosphorylation was 
significantly decreased in the BV+H+low G group 6 h following exposure to H+low G conditions; (B) BV pretreatment did not affect the 
p38 MAPK phosphorylation at 0, 6, 15, or 24 h following exposure to H+low G conditions, compared to the H+low G group; (C) BV pre
treatment did not affect the SAPK/JNK phosphorylation at 0, 6, 15, or 24 h following exposure to H+low G conditions compared to the 
H+low G group. H+low G and BV+H+low G denote conditions of hypoxia with low glucose alone and BV-pretreated hypoxia with low 
glucose, respectively. MAPK represents mitogen-activated protein kinase. N represents normoxia. The elapsed time after exposure to 
H+low G conditions is represented by 0 h, 6h, 15 h, and 24 h (*P<0.05, **P<0.01 for the H+low G group compared to the N group; ##P< 
0.01 for the BV+H+low G group compared to the H+low G group). ERK1/2, extracellular-signal-regulated kinases 1/2; SAPK/JNK, stress-
activated protein kinases (SAPK)/Jun amino-terminal kinases (JNK).
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+H+low G, 1.32±0.11), phosphorylation of ERK1/2 was signi

ficantly reduced 6 h following exposure to H+low G condition 

in the BV+H+low G group compared to the H+low G group. BV 

did not affect p38 MAPK (n=6, Figure 2-2B; 0 h BV+H+low G, 

4.01±0.33; 6 h BV+H+low G, 3.50±0.22; 15 h BV+H+low G, 2.55± 

0.13; 24 h BV+H+low G, 3.53±0.11) or SAPK/JNK phosphory

lation (n=6, Figure 2-2C; 0 h BV+H+low G, 2.10±0.12; 6 h BV+ 

H+low G, 1.20±0.14; 15 h BV+H+low G, 1.06±0.13; 24 h BV+H+ 

low G, 1.26±0.11). 

3. Effect of BV on Activation of MAPKs Following Exposure to 
H+low G Conditions in a Astrocytes

The time courses of MAPK family activation was determined 

in astrocytes the same way as in the neuronal cells (Figure 3-1 

and Figure 3-2). Phosphorylation of ERK was increased about 

1.4- and 2.4-fold at 0 h and 6 h, respectively, in the H+low G 

group compared to the N group (n=6, Figure 3-2A; N, 1.00± 0.10; 

0 h H+low G, 1.41±0.08; 6 h H+low G, 2.41±0.12; 15 h H+low G, 

1.19±0.13; 24 h H+low G, 0.97±0.14). Six hours following 

exposure to H+low G condition, phosphorylation of ERK1/2 was 

reduced in the BV+H+low G group (up to 35% of the H+ low G 

group) (n=6, Figure 3-2A; 0 h BV+H+low G, 1.79±0.12; 6 h BV+ 

H+low G, 0.84±0.14; 15 h BV+H+low G, 1.01±0.13; 24 h BV+ 

H+low G, 0.89±0.10). 

Phosphorylations of p38 MAPK (n=6, Figure 3-2B; N, 1.00± 

0.10; 0 h H+low G, 1.38±0.08; 6 h H+low G, 1.29±0.12; 15 h H+ 

low G, 1.12±0.13; 24 h H+low G, 0.89±0.15) and SAPK/JNK (n= 

6, Figure 3-2C; N, 1.00±0.10; 0 h H+low G, 1.22±0.14; 6 h H+low 

G, 0.97±0.12; 15 h H+low G, 0.92±0.13; 24 h H+low G, 0.95±0.15) 

was increased about 1.4- and 1.25-fold, respectively, in the H+ 

low G group compared to the N group, following hypoxic insult. 

The p38 MAPK activation was sustained 6 h following exposure 

to H+low G condition (Figure 3-2B). As in the neuronal cells, 

Figure 3-1. Western blot analysis of MAPK signal pathways 
following exposure to H+low G conditions in both the H+low G 
group and the BV+H+low G group in astrocytes. Astrocytes were 
pretreated with 2.5 µg/mL of bee venom (BV) for 1 h and then 
exposed to H+low G conditions for 18 h. Nuclear extracts were 
subjected to a western blot using antibodies against ERK1/2, p38 
MAPK, SAPK/JNK, p-ERK1/2, p-p38 MAPK, and p-SAPK/JNK. 
p-ERK1/2, p-p38 MAPK, and p-SAPK/JNK denote antibodies 
against the phosphorylated form of each protein. H+low G and 
BV+H+low G denote conditions of hypoxia with low glucose 
alone and BV-pretreated hypoxia with low glucose, respectively. 
MAPK represents mitogen-activated protein kinase. N represents 
normoxia. The elapsed time after exposure to H+low G conditions id 
represented by 0 h, 6 h, 15 h, and 24 h. ERK1/2, extracellular-signal-
regulated kinases 1/2; SAPK/JNK, stress-activated protein kinases 
(SAPK)/Jun amino-terminal kinases (JNK).

Figure 3-2. Relative phospho-/nonphospho-ratio in MAPK signal pathways in astrocytes. (A) ERK1/2 phosphorylation was significantly 
decreased in the BV+H+low G group 6 h following exposure to H+low G conditions; (B) BV pretreatment did not affect the p38 MAPK 
phosphorylation at 0, 6, 15, or 24 h following exposure to H+low G conditions, compared to the H+low G group; (C) BV pretreatment 
did not affect the SAPK/JNK phosphorylation at 0, 6, 15, or 24 h following exposure to H+low G conditions, compared to the H+low G 
group. H+low G and BV+H+low G denote conditions of hypoxia with low glucose alone and BV-pretreated hypoxia with low glucose, 
respectively. MAPK represents mitogen-activated protein kinase. N represents normoxia. The elapsed time after exposure to H+low G 
conditions is represented by 0 h, 6 h, 15 h, and 24 h (*P<0.05, **P<0.01 for the H+low G group compared to the N group; ##P<0.01 for the 
BV+H+low G group compared to the H+low G group). MAPK, mitogen-activated protein kinase; ERK1/2, extracellular-signal-regulated 
kinases 1/2; SAPK/JNK, stress-activated protein kinases (SAPK)/Jun amino-terminal kinases (JNK).
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BV did not affect p38 MAPK (n=6, Figure 3-2B; 0 h BV+H+low 

G, 1.27±0.12; 6 h BV+H+low G, 1.57±0.20; 15 h BV+H+low G, 

1.00±0.13; 24 h BV+H+low G, 0.91±0.11) or SAPK/JNK activa

tion (n=6, Figure 3-2C; 0 h BV+H+low G, 1.15±0.12; 6 h BV+H+ 

low G, 1.15±0.09; 15 h BV+H+low G, 0.93±0.10; 24 h BV+H+low 

G, 1.06±0.08) during the experiment.

4. Effect of BV on Neuronal Cell Viability
Viability of cultured neuronal cells was measured by MTT 

assay (Figure 4). The H+low G group (n=6, N, 100±3; 0 h H+low 

G, 68±4; 6 h H+low G, 65±2; 15 h H+low G, 60±3; 24 h H+low G, 

66±1) showed a significant (P<0.05) decrease in neuronal cell 

viability compared to that of the N group 15 h following expo

sure to H+low G condition. BV pretreament improved cell 

viability (n=6, 0 h BV+H+low G, 77±1; 6 h BV+H+low G, 76±3; 

15 h BV+H+low G, 93±3; 24 h BV+H+low G, 75±2) significantly 

(P<0.05) in neuronal cells 15 h following exposure to H+low G 

condition. However, BV pretreatment did not influence cell 

viability in neuronal cells at timepoints of 0, 6, or 24 h following 

exposure H+low G condition. 

5. Effect of BV on Astrocyte Viability
Astrocyte viability of the H+low G group (n = 6, N, 100±1; 0 h 

H+low G, 83±3; 6 h H+low G, 76±5; 15 h H+low G, 78±3; 24 h H+ 

low G, 85±2) was significantly (P<0.05) decreased compared to 

that of the N group (Figure 5). Fifteen hours after insult, astro

cyte viability was significantly improve (P<0.05) by BV pretreat

ment (n=6, 0 h BV+H+low G, 91±2; 6 h BV+H+low G, 81±4; 15 h 

BV+H+low G, 91±3; 24 h BV+H+low G, 88±1). However, 0, 6, and 

24 h following exposure to H+low G condition, BV pretreatment 

had no effect on cell viability in the H+low G group. 

 

DISCUSSION

The present study demonstrated that BV pretreatment im

proves cell viability in neuronal cells and astrocytes exposed to 

H+low G conditions. BV inhibited the phosphorylation of 

ERK1/2 in both neuronal  cells and astrocytes following ex

posure to H+low G conditions. ERK1/2, p38 MAPK, and SAPK/

JNK were significantly upregulated in H+low G conditions in 

both neuronal cells and astrocytes, which is consistent with 

previously reported findings in hypoxic injuries14,27). However, 

there were some differences in time taken to achieve maximal 

activation after hypoxic insult among MAPKs. 

In neuronal cells, phosphorylation of ERK was increased fol

lowing exposure to H+low G conditions, reached peak level 6 h 

following exposure, and showed the lowest levels 15 h fol

lowing exposure. In astrocytes, phosphorylation of ERK was 

increased following exposure to H+low G conditions, reached 

peak level 6 h following exposure, and then gradually decreas

Figure 4. A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium 
bromide (MTT) assay was done to measure cell viability in neuronal 
cells. Fifteen hours following exposure to H+low G conditions, the 
cell viability was improved in the BV+H+low G group. H+low G, 
and BV+H+low G denote conditions of hypoxia with low glucose 
alone and BV-pretreated hypoxia with low glucose, respectively. 
N represents normoxia and 0 h, 6 h, 15 h, and 24 h represent the 
elapsed time after exposure to H+low G conditions (*P<0.05 for 
the H+low G group compared to the N group; #P<0.05 for the 
BV+H+low G group compared to the H+low G group). 

Figure 5. A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium 
bromide (MTT) assay was done to measure cell viability in 
astrocytes. Fifteen hours following exposure to H+low G conditions, 
the cell viability was improved in the BV+H+low G group. H+low G, 
and BV+H+low G denote conditions of hypoxia with low glucose 
alone and BV-pretreated hypoxia with low glucose, respectively. 
N represents normoxia and 0 h, 6 h, 15 h, and 24 h represent the 
elapsed time after exposure to H+low G conditions (*P<0.05 for 
the H+low G group compared to the N group; #P<0.05 for the 
BV+H+low G group compared to the H+low G group). 
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ed until the 24 h timepoint. It has been reported that maximal 

ERK activation occurs several hours after hypoxic insult9,28,29). 

The results obtained from this study are consistent with other 

recent reports.

The phosphorylation level of p38 MAPK and SAPK/JNK 

reached a maximum just after hypoxic insult in neuronal cells 

and astrocytes. These data are consistent with previously re

ported findings12,21). These findings suggest that activation of 

p38 MAPK and SAPK/JNK after hypoxic insult may be an early 

and transient event. 

Several studies have demonstrated that MAPKs are activated 

after hypoxic insult12,25,26,30). There is increasing evidence that 

inhibition of MAPK pathways can alter the outcome of HI brain 

injury by regulating cell death or survival in animal models11,31). 

However, previous reports show conflicting evidence regarding 

the role of the MAPK pathways (particularly ERKs) in cell sur

vival or neuroprotection under conditions hypoxia or neuronal 

injury32). 

ERKs are important regulators of neuronal function33). Activa

tion of ERK has been reported to contribute to neuronal death 

in some models of neurotoxicity3,15). The mechanisms that me

diate these deleterious effects of ERK activation have not been 

fully elucidated. They may include the release of excitotoxic 

glutamate by ERK activation34). It has been reported that ERK 

activation is prominently involved in neurodegeneration, such 

as ischemia in animal models35). Prolonged ERK stimulation 

ultimately promotes neuron degeneration through plasma 

membrane damage via caspase-dependent or -independent 

mechanisms35). Prolonged activation of ERK is also associated 

with neuronal apoptotic cell death in response to ROS produc

tion in the hippocampal cell line HT2236). Furthermore, it has 

been demonstrated that inhibition of ERK activation protects 

against cell damage after HI exposure9,20,27,29). 

However, ERK signaling has also been reported to be involved 

in neurogenesis. It can induce tolerance to HI injury in brains of 

newborn rats15). In addition to an inflammatory response, the 

brain may respond to hypoxia by neurogenesis and release of 

growth factors. For example, nerve growth factor can induce the 

ERK1/2 signaling pathway37). Several reports have suggested that 

the ERK1/2 signaling pathway can increase cell survival through 

the activation of cAMP response element-binding protein 

(CREB)15,35,36). ERK1/2 activation has been observed in the 

ischemic necrotic core shortly after HI neuronal injury in neo

natal rats33). It has been reported that differential ERK1/2 acti

vation at later time points after HI exposure is also found in 

different cell types (neuronal cells, microglial cells, astrocytes 

and oligodendrocytes) in the penumbra area, suggesting a dual 

role of ERK1/2 in cell survival and/or cell death15). These re

ports suggest that the neuroprotective role of ERK1/2 may de

pend on the duration and timing of its activation33). A recent 

study has shown that the caspase-dependent component of 

cell death after neonatal HI does not peak until 12-24 h after in

jury38). This finding suggests that there is a possible therapeutic 

window in which effects of ERK activation on both transcrip

tiondependent and -independent mechanisms could influence 

cell survival. 

Recently, BV has been increasingly implicated in modulating 

intracellular signaling pathways including MAPKs2,6,13,21,39). In 

this study, BV pretreatment inhibited the H+low G-induced 

ERK phosphorylation. However, it did not affect the phospho

rylation of JNK or p38 MAPKs in astrocytes or neuronal cells. 

This is in some contradiction to a previous report, in which they 

showed that BV inhibited the early phosphorylation of ERK, 

p38 MAPK, and JNK following glutamate-induced toxicity3). 

According to their report, JNK and p38 MAPK were associated 

with the neuroprotective function of BV.

This study showed that BV inhibited early JNK and p38 

phosphorylation at 0 h but this did not show statistical signifi

cance. Further studies are needed to clarify this mechanisms of 

BV. In an earlier report, the inhibition of the p38 MAPK has no 

influence on cell proliferation determined 6 d after ischemia. 

Early blockage of p38 phosphorylation in activated microglial 

cells could influence neurogenesis11). Therefore, these findings 

led to the suggestion that the functional relevance of MAPK 

activation may depend upon the cell type, the nature of the 

stimulus, and the environmental conditions40).

The present study showed that the neuronal cell and astro

cyte injuries were reduced in the BV+H+low G group. When 

considering the time sequence of the inhibitory effect of BV on 

MAPK phosphorylation and cell viability, the increase in cell 

viability in the BV+H+low G group compared to that in the 

H+low G group may be due to inhibition of ERK pathways. The 

results suggest that inhibition of ERK phosphorylation with BV 

pretreatment results in a neuroprotective effect rather than 

neurotoxicity. 

A limitation of this study is that we treated cells with different 

concentrations of BV. At an optimal concentration of BV in 

astrocytes, BV decreased cell viability in neuronal cells. Thus, 
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further studies are needed to define optimal and harmless con

centrations of BV in both neuronal cells and astrocytes for in 

vivo application.

In conclusion, the present study demonstrated that BV in

hibits the activation of ERK1/2 in both neuronal cells and 

astrocytes following exposure to H+low G conditions, as well as 

improving cell viability. BV specifically inhibited the phos

phorylation of ERK1/2 without changing the total protein levels. 

However, BV had no effects on p38 MAPK or SAPK/JNK phos

phorylation. These results suggest that BV pretreatment may 

have a neuroprotective effect by regulating ERK activation fol

lowing exposure to H+low G conditions. 
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