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ABSTRACT

ATM: To study the effects of TMB-8 on [C2* |,
elevation induced by neurotransmitters in dissociated
brain cells. METHODS: The brain cel! suspension
was made using a gentle trituration for 1 min with a
polished pipette. The changes of | Ca’* ], were
detected by the fluorescent indicator. Fura 2-AM.
RESULTS: In the presence of extracellular Ca®* 1.3
mmol * L™!, sodium glotamate { Glu), histamine
(His}, and serotonin (5-HT) markedly increased the
[Ca®* ]; which were reduced by TMB-8 30 pmol-L~!.
TMB-8 3 pmol-L~! produced inhibitory effects on the
increase of | Ca* ; by His and 5-HT in a Ca**-free
Hanks’ solution. The increase of [ Ca®* |, by His and
3-HT was reduced to control level by TMB-8 10 pmol -
L-!. CONCLUSION: TMB-§ inhibited the [C2®* |,
elevation induced by Glu, 5-HT. and His in brain
cells.

INTRODUCTION

A major factor in triggering brain cell death caused
by the cerebral ischemia is intracellular free Ca®*
([Ca?* |} overloading . Ischemia induced release of
some peurotransmitters such as glutamate ( Glo ),
histamine ( His}, and serotonin [ 5-HT } increased
"ca* 1Y, Some calcium antagonists such as
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nimodipine ( Nim} have been used to treat cerebral
ischemia and get some protective role on cerebral
ischemic injury. However, these dmugs’ actions were
confined with their marked decrease in mean arterial
blood pressure and reduce the ability of autoreguiation
of cerebral blood flow'?) .

8-( N. N-Diethylamino }- #-octyl-3, 4, 5-trimeth-
oxybenzoate ( TMB-8) is an inhibitor of C2** release of
intracellular store from the sarcoplasmic reticalum (SR}
and Ca-influx from extracelhilar site in skeletal and
smooth muslclesm. TMB-8 can protect/treat cerebral
ischemia in rats’®. Tt is highly possible that some
action mechanisms of TMB-8 may reduce the cerebral
[Ca*];. To test this hypothesis, the effects of TMB-
8 on the increases of [ Ca®* || induced by His. Glu,
and 5HT in dissociated single rat brain cell were
investigated .

MATERIALS AND METHODS

Materials TMB-8, Fura 2-AM, Glu. sero-
torin, and nimodipine were purchased from Sigma.
TMB-8 was dissolved in distilled water and Gle in HCl
0.1 mol* L™!. Histamine and HEPES were from
BDH. Bovine seum albumin { BSA) was from
Boehringer.  Dulbecco’s modified Eagle medium
(DMEM) was from Gibco. The system of measure-
ment of AR-CM-MIC was the product of Spex Co,
USA.

Cerebral cell suspension Cerebral cells were
prepared from newborn Sprague-Dawley rats [ from
Jiangsu Province Laboratory Animal Center, Certificate
Ne 97001 ), acconding to the methods of (6] with some
modifications. The rat brains were put into ice-cold
Hanks’ solution: NaCl 137, KCt 5.0, CaCl, 1.3,
MgCl, 0.5, glucose 5.6, and HEPES 10 mmol-L~*.
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pH 7.4. The brain was washed and cut into small
pieces, which were mechanically dissociated by gentle
trituration for 1 min with a polished pipette. The
isolated brain cells were filtered through nylon mesh
{200 mesh} and spun at 300 x g for 5 min. The cells
were resuspended in warm DMEM with 10 % bovine
seum. Trypan blue staining showed a cellular
viability rate of 85 % — 90 %,

Fura 2-AM locading and fluorescence mea-
surement The cell suspension was placed at 37 C
for 5 min, then incubated with Fura 2-AM 5 pmol+L ™!
in Me,SO at 37 C for 40 min with shaking. The
loaded cells were spun at 300 x ¢ for 5 min and washed
twice with Hanks' soluton containing 0.2 % BSA.
Cells were resuspended with Hanks® solution containing
0.2 % BSA. Ca’*-free Hanks' solution was replaced
with Ca®* -free and added egtazic acid 0.1 mmol-L "},
TMB-8 was added 30 min prior to the measurement .

The fluorescence was determined using a system of
measurement of AR-CM-MIC at A_, 340 and 380 nm
and A, 503 nm. [Ca®* ], of single cell was calculated
according to the formula: [Ca®* |, = K x (sfy/sby) x
[(R = Ruun)/{ Ryux — R}]. R Fyy/Fyy) was
fluorescence intensity. R, was determined by the
addition of ionomycin and Ry, by the addition of
eglazic acid. K, was 224 nmol-L~'. Values of sf2
and sb2 were the fluorescence of Fura-2 at 380 rm in
Ca’*-free and saturation with Ca®*. respectively.
The autofluorescence was corrected before calculation.

Statistical analysis of data  Datas were
expressed as ¥ £ 5 and analyzed with ¢-test.

RESULTS

Resting [Ca’*]; When the brain cells were
incubated in a Ca®* - free Hanks' solution, [Ca®* ]; was
decreased from (71 +6) nmol-L~'{n =6} to [{67 %
4) (n=6. P>0.05) and (63 +6)] nmol-L" Y n=
6, P<0.05) at TMB-8 concentrations of 3 and 10
pmol * L™, respectively. On the other hand, the
resting [ Ca?* ]; of brain cells was {125 + 13} nmol-
L~ !in the presence of extracellular Ca** 1.3 mmol
L1, PreiucubationwimTMB-S:}O;_unol-L‘ldidnot
induce any obvious change in [Ca®* ;.

Glu-induced [Ca’* ]; elevation Glu 10 gmol
‘L' increased [Ca®* ], by 44 % in Hanks' solution

contzining Ca’* 1.3 mmoi+L~'. This increase was
reduced by TMB-8 30 umol-L ! from 185 + 19 to 152
£8. When brain cells were incubated with Nim 1
pmol + L™ in Hanks’ solution, which blocked the
voitage-sensitive ~ Ca®* -channel . Glu  increased
[Ca®* ], slightly less than that of without Nim { Tab
1}. However, Glu 10 pmol - L™! did not induce
LCa* |, rise in Ca-free Hanks' solution containing
egtazic acid 0.1 mmol-L ™!,

Tab1. Effect of TMB-8 and Nim on [ Ca?* ], elevation
induced by ¥Glu of rat brain cells in Hanks' solution
containing Ca2* 1.3 mmol-L~!., 75 =6 cells from 6 rats.
P <0.01 vs

xts. “P<§.01 vs control, without Glu.
Glu.
Concentration/ s
Group .7 -1 -1
mmol=L tmol L
Control 129+18
Glu 10 185 = 19°
Nith + Glu 1+10 175+ 16
TMB-8 + Glu 30 +10 152 £ &'

His-induced [Ca®* ], elevation The [Ca®* ],
was raised by His 50, 100, and 200 gmol-L~! in
Hanks’ solution containing Ca?* 1.3 mmol-L™'in a
concentration-dependent manner. These increases were
markedly inhibited by TMB-8 30 pamol-L~! by 34 %,
38 %, and 49 %, respectively. In the presence of a
Ca®* -free Hanks' solution with egtazic acid 0.1 mmol-
L-!, His 50, 100, and 200 pmol-L~! was responsible
for [Ca®* ](79+4), (89£6} and (111 £8) nmol-
L-!, respectively. TMB-8 3 and 10 umol - L™}
inhibited the [ Ca®* ], elevation caused by His
completely (Fig 1}.

5-HT-induced [Ca’* ]; elevation 5-HT 0.1,
1.0, 10, 100 umol-L ! showed remarkable increase of
[Ca?* ], in Hanks’ solution containing Ca®>* 1.3 mmol-
L-!, which was reduced by TMB-8 (Fig 2}. When
cells were incubated in the Ca®*-free Hanks™ solution
with egtazic acid 0.1 mmol*L~', 5-HT 10 gmol-L ™!
induced [Ca®* ], elevation from 78+ 11 to 102+ 10 (n
=5. P<0.01}. The increase of [Ca®* ]; was cleariy
restrained by TMB-8 10 and 30 panol-L~"' t0 866 (n
=5, P<0.01) and 77+ 7 {r =5, P<0.01),
respectively .
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Fig 1. Effect of TMB-8 {pmol-L-!) on [Ca®* ],
elevation induced by His in Hanks’ solution
containing C#+ 1.3 nmol+ L~ { control, upper) and
Ce?* -free Hanks® solution containing egtazic acid 0.1
mmeol-L-!(controll, down). n=6 cells from 6 rats.
r<

2xs. "P<0.05 °P<0.01, vs without His.
0.05, P <0.01 »s His.
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Fig 2. Effect of TMB-8 on [ Ca®* ], elevation induced
by 5-HT in Hanks’ solution contmining Ca®* 1.3 ounol
‘L™, n=6 cells from 6 rats. ¥+ s. "P<0.05,
P<0.01, vs 5-HT 0 gmol-L~!. P <0.05, P <0.01
vs 5-HT.

DISCUSSION

It is clear that the release of excitatory amino acids

and some neurctransmitters play important roles in the
neurotoxicity associated with cerebral ischemia , and it
has been shown that antagonism of their effects is also
potentially neuroprotective’”. Ischemia leads release
of transmitters such as Glu, 5-HT and His which cause
intracellular Ca’* overloading that is the primal
responsible for cells death. It bas been suggested that
Glu could induce the rise of [Ca®* ], by activating the
NMDA receptor and opening the receptor-mediate Ca’*
channels-®".  Our results found that Glu induced the
elevation of | Ca®* ]; via the extracellular Ca-influx,
which was inhibited by TMB-8 30 pmol - L°!,
However, Nim did not inhibited the increase of
[Ca®* |, induced by Glu in the presence of Hank's
solution containing Ca** 1.3 mmol+L~'. It indicated
that the inhibited action of TMB-8 on the elevation of
[Ca** ], did not relate to voltage-mediated Ca®*
channels .

His and 5-HT are important peurotransmitters in
the mammalian central neural system. They could
increase [Ca®* ]; through extracellular Ca?* -influx and
the release of intracellular Ca?* stores!®~ "), In our
studies, TMB-8 decreased the elevation of [Ca** ], in
the presence of extracellular Ca®* and almost
completely blocked the increase of [Ca’* J; in the
present of Ca®* -free extracellular medium induced by
His and 5-HT. Our past study have found that TMB-8
reduced | Ca®* ], via increase of the sarcoplasmic
reticulum ( SR} sequestration, which blocked the
release of intractllular store from SR. However, the
inhibitory effect of TMB-8 on Ca-influx  from
extracellular medium seems to be an indirect action
from the saturation of SR with calcium™. It was
repogted that TMB-8 could block N-receptor!™®).  But
the action of TMB-8 on His or 5-HT receptors still
peeds more study.

In suwnmary, the [Ca®* ]; elevation induced by
Glu, His m}d 5HT was inhibited by TMB-8.
Therefore TMB-8 may become a jnore  effective
compound to treat/prevent ischemic stroke.
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