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Mechanisms of bupivacaine inhibition of glutamate-induced intracellular
calcium elevation in primary cultured rat hippocampal astrocytes

MA Huan-huan*, ZHU Xiao-que*, GUO Wen-yan, HAO Jie, JIN Bao-hua, ZHANG Wei"

(Institute of Chinese Integrative Medicine, Hebei Medical University, Shijiazhuang 050017, China)

Abstract: This research investigated the mechanism by which bupivacaine inhibits glutamate-induced intracel-
lular free Ca?* increases in primary cultured hippocampal astrocytes. Immunofluorescence was used to demonstrate
the expression of metabotropic glutamate receptor (mGIuR5 receptor) on neurons and astrocytes. Calcium imaging
was used to measure the alteration of intracellular free Ca** ([Ca?*'];) in primary cultured rat hippocampal neurons
and astrocytes. The animal experiments were approved by the Animal Experiments Ethical Committee of Hebei
Medical University. The results showed that mGIuR5 receptor was abundantly expressed in the primary cultured
rat neurons and astrocytes. Bupivacaine (300 pmol-L™) significantly inhibited 1 mmol-L* glutamate-induced
[Ca*]; increase in astrocytes (P < 0.01). 2-Methyl-6-(2-phenylethynyl)-pyridine (MPEP) (10 umol-L™) completely
abolished the increase of [Ca?"]; induced by 1 mmol-L* glutamate in the astrocytes (P < 0.01), while the inhibitory
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effect on neurons was only 10%-20%. Bupivacaine (300 umol-L*) completely inhibited the [Ca*']; increase induced
by mGIuR5 receptor agonists (RS)-3,5-dihydroxyphenylglycine (DHPG) (50 pmol-L?) and (RS)-2-chloro-5-
hydroxyphenylglycine sodium salt (CHPG) (1 mmol-L™) in astrocytes (P < 0.01). In addition, bupivacaine inhibited
the CHPG-induced [Ca*']; increase in a dose-dependent manner in astrocytes with an IC;, of 100 umol-L™*. The
results from this study indicate that bupivacaine inhibits glutamate-induced [Ca?*]; elevation by acting on the
mGIuR5 receptor in primary cultured hippocampal astrocytes.
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Figure 1  Effects of bupivacaine on the glutamate-induced [Ca?]; elevation of astrocytes in the co-cultured system. A: 300 umol-L"* bupiva-

caine preincubation 5 min significantly inhibited glutamate-induced [Ca?']; elevation in astrocytes representative trace; B: Percent changes in
peak, area under the curve (AUC) and Tau value. Cells were exposed to 1 mmol-L* glutamate for 10 s. x £, n = 10. P < 0.01 vs glutamate

group. [Ca*7;: Intracellular free Ca?* concentration
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Figure 2  Effects of MPEP on the glutamate-induced [Ca*']; increase of neurons and astrocytes in the co-cultured system. 10 umol-L*

MPEP preincubation (5 min) suppressed the glutamate-induced [Ca?*]; elevation in neurons in co-cultured system (A: A representative trace;

B: Percent changes in peak, AUC and Tau value, n = 35). The increase of [Ca?*]; induced by glutamate was completely abolished by MPEP

in astrocytes (C: A representative trace; D: Percent changes in peak, AUC and Tau value, n = 22). Cells were exposed to 1 mmol-L* gluta-

mate for 10 s. X # .
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Figure 3  Neuron staining with metabotropic glutamate receptor 5 (mGIuR5) in neuron. A-C: Representative images show the neuron im-

munostained with NeuN (red), mGIuR5 (green), DAPI (blue). D was merged by the other three. Scale bar: 25 um
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Figure 4  Astrocytes staining with mGIuR5 in pure-astrocytes system. A—C: Representative images show the astrocytes immunostained
with GFAP (red), mGIuRS5 (green), DAPI (blue). D was merged by the other three. Scale bar: 25 um
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Figure 5 Effect of bupivacaine on the DHPG-induced [Ca?*]; changes of astrocytes in the co-cultured system. 50 umol-L* DHPG (10 s)
induced elevation of [Ca®]; in astrocytes (A: A representative trace; B: Percent changes in peak, AUC and Tau value, n = 26) in primary

cultured hippocampal astrocyte. x % s. 300 umol-L bupivacaine preincubation (5 min) significantly inhibited the DHPG-induced [Ca**],

elevation in astrocytes (C: A representative trace; D: Percent changes in peak and AUC value, n = 40). x + s. “P < 0.01 vs DHPG group.

DHPG: (RS)-3,5-Dihydroxyphenylglycine
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Figure 6 Effect of bupivacaine on the CHPG-induced [Ca*]; changes of astrocyte in the co-cultured system. Stimulation with 1 mmol-L™*

CHPG for 20 s induced elevation of [Ca?]; in astrocytes (A: A representative trace; B: Percent changes in peak, AUC and Tau value, n = 16)

in co-cultured primary hippocampal neurons with astrocyte systems. x + s. Preincubation with 300 pmol-L bupivacaine for 5 min inhibited

CHPG-induced elevation in [Ca?"]; in astrocytes co-cultured with neurons (C: A representative trace; D: Percent changes in peak and AUC
value, n = 12). x 5. ”P < 0.01 vs CHPG group. CHPG: [(RS)-2-Chloro-5-hydroxyphenylglycine sodium salt
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Figure 7 The concentration-effect curves of bupivacaine inhibiting on the CHPG-induced elevation in astrocytes. Preincubation with bupi-
vacaine (10, 30, 100, and 300 umol-L*for 5 min, n = 10, 14, 20 and 12, respectively) inhibited CHPG-induced [Ca?*]; elevation in astro-
cytes. A: Inhibitory curves of bupivacaine on peak; B: Percent changes in peak; C: Inhibitory curves of bupivacaine on AUC; D: Percent
changes in AUC. Cells were exposed to 1 mmol-L* CHPG for 20 s. x +s. P < 0.01 vs CHPG group
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