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Effect of Protective Agents on Excitotoxicity
in Nerve Growth Factor-differentiated PC12 Cells
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Department of Internal Medicine*, and Department of Physiology,
Keimyung University School of Medicine, Daegu, Korea

Abstract : Glutamate is a primary excitatory neurotransmitter in the mammalian
central nervous system, however excitotoxic when in excess. This study was designed
to evaluate the mechanism of the glutamatergic excitotoxicity and the effect of several
protective agents which are known to interupt the intracellular apoptotic processes. The
excitotoxicity was induced in nerve growth factor (NGF)-—differentiated PC12 cells by
adding 10 mM glutamate. In the cells treated with 10 mM glutamate, the cell number was
decreased and the neurites were markedly shrunken. Cell viability was about a half
determined by MTT test. Ionotropic glutamate receptor antagonists, AP5 (20 M),
MEK801 (10 gM), and CNQX (20 M) in a single or combined treatments did not improve
the viability of the excitotoxic PC12 cells. Antiapoptotic agents, cyclosporin A (0.5 M)
and Z—-VAD-Imk (100 /M) did not improve the viability of the excitotoxic PC12 cells.
However antioxidant, Cu/Zn superoxide dismutase (5~50 U) completely recovered the
viability of the excitotoxic PC12 cells. Inhibitors of intracellular stored Ca® release,
ryanodine (100 M) and U73122 (2 M), partially improved the cell viability only in the
combined treatments with NMDA receptor antagonist, MK&801. In conclusion,
metabotropic glutamate receptors seems to participate in the increase of intracellular
Ca® together with NMDA receptors in the excitotoxic process of NGF differentiated
PC12 cells. Glutamatergic neuronal toxicity is mainly associated with the excess
production of oxygen free radicals.
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Fig. 1. Neuronal toxicity of glutamate in NGF-differentiated PC12 cells. A: Microscopic features in control and 10
mM glutamate treatment. B: Cell viability according to the concentration of glutamate. Data are acquired as
percentile change to the averaged value of 0 mM glutamate and presents mean and SD.

AFA R 5300 Heke] APAE A0 WS vjstel 50, 25, 10, 5 U/mL Y Cu/Zn SOD9 &7
|5kar 2k ol e 7HA] %29 Cu/Zn SODE F-ojsh Fol Al AEES 7171 99.8 L 1.99, 1026 L

i

o
-
23 10 mM glutamate 51 A19] 21.9 = 6.31%°] 3.27,101.7 = 3.24, 1028 * 4.16%%= a9



Nerve Growth Factor 2 #3+ 9 PC12 A E A Glutamate’d =73 o] o] ¢+ &

fo

100 - T

80 A
60

L L]

20 -

Viability, %

Cont Glut Glut Glut Glut Glut
(1omM) + AP-5 + MK801 + CNQX + AP-5
(20 £kM) (10 M) (20 M) + CNQX

Fig. 2. The protective effects of NMDA and non-NMDA receptor antagonists on glutamate toxicity in
NGF-differentiated PC12 cells. Cont: control: glutamate. * p<0.01vs. control.

100 - T

80

[ [

40

Viability, %

20 A

Control Glut Glut Glut Glut
(1tomM) + CycolA + Z-VAD + Cyclo A
(0.5 uM) (100 ueM) + Z-VAD

Fig. 3. The protective effects of cycolsporin-A and glutamate caspase inhibitor (Z-VAD)on glutamate
(Glut) toxicity in NGF-differentiated PC12 cells. Cycol A:cyciosporin-A; Z-VAD:Z-VAD-fmk.



EABEKRENE $23% 15k 2004

120 ~

100 ~ L ==

80 ~

60 -

Viability, %

40

20

Control Glut Glut Glut Glut Glut SOD
(1omMm) + SOD + SOD + SOD + SOD (25U)
(50U) (25U) (50U) (5V)

Fig. 4. The protective effects of Cu/Zn superoxido dismutase (SOD) glutamate (Glut) toxicity in NGF
-differentiated PC12 cells.

Table 1. Effect of intracellular Ca* channel inhibition on glutamate toxicity in NGF-differentiated PC12

cells

Condition N Mean = SD P value
Glutamate 10 mM 29 100 +16.73
Glutamate 11 104.1 +23.09 0.530
+ ryanodine 100 ;M
Glutamate 11 112.3 + 36.56 0.145
+U731222 ;M
Glutamate 3 167.9 £ 12.49 <0.01
+ ryanodine + U73122
Glutamate 3 170.1 * 16.68 <0.01
+ MK801 10 ;M + ryanodine
Glutamate 3 163.7 £ 15.13 <0.01

+MKS801 10 M + U73122

NGF: nerve growth factor.
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