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Protective Effect of Borneolum on ER Stress-induced Damage
in C6 Glial Cells

In Cheol Jeon, Chang Ho Bang, Byung Soon Moon, In Lee*

Department of Oriental Internal Medicine, School of Oriental Medicine, Wonkwang University

Unfolded protein response (UPR) is an important genomic response to endoplasmic reticulum (ER) stress. The
ER response is characterized by changes in specific proteins, induction of ER chaperones and degradation of
misfolded proteins. Also, the pathogenesis of several diseases like Alzheimer's disease, neuronal degenerative
diseases, and diabetes reveal the role of ER stress as one of the causative mechanisms. Borneolum has been used
for neuronal disease in oriental medicine. In the present study, the protective effect of borneolum on
thapsigargin-induced apoptosis in rat C6 glial cells. Treatment with C6 glial cells with 5 uM thapsigargin caused the
loss of cell viability, and morphological change, which was associated with the elevation of intracellular Ca™ level, the
increase in Grp78 and CHOP and cleavage of pro-caspase 12 Furthermore, thapsigargin induced Grp98, XBP1, and
ATF4 protein expression in C6 glial cells. Borneolum reduced thapsigargin-induced apoptosis through ER pathways. In
the ER pathway, borneolum attenuated thapsigargin-induced elevations in Grp78, CHOP, ATF4, and XBP1 as well as
reductions in pro-caspase 12 levels. Also, our data showed that borneolum protected thapsigargin-induced cytotoxicity
in astrocytes from rat (P3) brain. Taken together, our data suggest that borneolum is neuroprotective against
thapsigargin-induced ER stress in C6 glial cells and astrocytes. Accordingly, borneolum may be therapeutically useful
for the treatment of thapsigargin-induced apoptosis in central nervous system.
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Fig. 1. Borneolum increased the viability of C6 glial cells. Cells were
treated with a various concentration of borneolum for 24 h. The viability of cells
was measured by MTT assay. Results were represented as the means + S.D. of
three experiments.
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Fig. 2. Thapsigargin decreased the viability of C6 glial cells in a
time-dependent manner. Cells were treated with a various concentration of
thapsigargin for indicated period. The viability of cells was measured by MTT
assay. Results were represented as the means = S.D. of three experiments. *p <
0.05 compared to control cells.
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Fig. 3. Borneolum inhibited the thapsigargin-induced cell death in C6
glial cells. Cells were pre-treated with the various concentrations of borneolum
for 3 h and the cells were exposed to thapsigargin for 24 h. The viability of cells
was measured by MTT assay. Results were represented as the means + S.D. of
three experiments. *p < 0.05, *p <0.01 compared to control cells.
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Fig. 4. Borneolum inhibited thapsigargin-induced DNA fragmentation
in the C6 glial cells. The cells were pre-treated with 50 ug/ml bormeolum for
3 h then incubated in the absence or in the presence of 5 uM thapsigargin for
24 h. Genomic DNA was extracted, separated on 1.5% agarose gel electrophoresis
and visualized under UV light.
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Fig. 5. Borneolum decreased the LDH release by the
thapsigargin-induced cell death in C6 glial cells. Thapsigarginin-induced
cell death in time dependent manner, evaluated by LDH release. Cells were treated
with 5 uM thapsigargin for different periods(A). Borneolum decreased the LDH
release by the thapsigargin. Cells were treated with various conditions for 24 h(B).
Culture medium samples were collected and assayed for LDH assay. Results were
represented as the means * S.D. of three experiment. *p < 0.05, =p <0.01
compared to control cells.
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Fig. 6. Thapsigargin increased intracelular Ca™ accumulation in C6
glial cells. Cells were treated with 5 uM thapsigargin for indicated periods. The
cells were stained with Flura-3AM for 30 min, and then cells were harvested after
treatment. After washing unbound dye out, the cells were subjected on flow
cytometric analysis to estimate intracellular Ca™ levels.
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Fig. 7. Borneolum inhibited thapsigargin-induced intracellula Ca™
accumulation C6 glial cells. Cells were treated with a various conditions for
18 h. The cells were stained with Flura-3AM for 30 min, and then cells were
harvested after treatment. After washing unbound dye out, the cells were subjected
on flow cytometric analysis to estimate intracellular Ca™ levels.
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Fig. 8. Borneolum inhibited thapsigargin-induced ROS generation in
C6 glial cells. Cells were treated with a various conditions for 18 h. The cells
were stained with DCF-DA for 30 min, and then cells were harvested after
treatment. After washing unbound dye out, the cells were subjected on flow
cytometric analysis to estimate intracellular ROS levels.
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Fig. 9. Effect of borneolum on ER stress-related protein expression
in C6 glial cells. The cells were treated with various conditions for 24 h. The
cell lysates from cells was separated on 10% and 12% SDS-PAGE, transferred onto
nitrocellulose  membrane and immunoblotted with anti-Grp78, CHOP, and

pro-caspase 12 antibody(A), anti-Grp94, XBP1, and ATF4-antibody(B). The
immunoreactive signals were visualized by ECL kit.
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Fig. 10. Borneolum inhibited the morphological changes of rat
primary astrocytes by thapsigargin-induced cytotoxicity. Astrocytes were
cultured on slide chamber. The cells were treated with various conditions for 24
h. Cells were washed after treatment and then morphological features of the cells
were observed by converted phase-contrast microscopy(x 100).
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