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Protection of dopaminergic antagonists against anoxia-induced
inhibition of Ca’*-calmodulin dependent protein kinase Il

activity in rat brain!
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ABSTRACT

AIM: To study the effect of dopamine receptor
antagonists on anoXia-induced inhibition of Ca™*-
calmodulin dependent protein kinase ] ( CCDPK I )
activity in rat  hippocampus and  striatom,
METHODS: Using the rat hippocampal and striatal
slices under 95 % N, + 5 % (0O, the activity of
CCDPK I was examined by * P-incorporation.
RESULTS: Under anoxia for 30 min, the CCDPK [[
activity decreased to 29.2 % and 27.0 % of the
control it rat hippocampal and striatal slices, respec-
tively. Preincubation with Sch-23390 (a specific D,-
like dopamine receptor antagonist}, or domperidone (a
specific Dy-like dopamine receptor antagonist) . resulted
in a concenfration-dependent attenuation of the anoxia-
induced inhibition of OCCDPK Il activity which was
preserved up to about 60 %. CONCLUSION:
Dopamine receptor stimulation is involved in anoxia-
induced inhibition of CCDPK Il activity in mat
hippocampus and striatum.

INTRODUCTION

The most vulnerable brain regions to ischemic
damage are hippocampus and striatum.  Using in vive
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microdialysis, many experiments have demonstraied
that there is a massive release of excitatory amino acids
{ EAA ), including glotamate and aspariate, and
dopamine in the hippocampus and striathun during
cerebral ischemnia, It is now generally accepted that
EAA is an essential factor in mediating ischemic
damage through an excitotoxic mechanism. Dopa-
minergic deafferentation by injection of 6-hydroxydopa-
mine into the substantia nigra { SN} or medial forebrain
bundle { MFB) could attenuate the severity of ischemic
and excitotoxic cercbral damage in the hippocampus and
striatum*~* | which suggested that the excessive
release of dopamine mediated a neurotoxic effect during
cerebral ischemia.

Dopamine receptors modulate intracellular calcium
levels'*), Calcium has a pivotal effect on ischemic
damage. Elevation of intracellular calcium concentra-
tion could activate the calcium-dependent enzyme, such
as Ca’*-calmodulin dependent protein kinase [}
(CCDPK 11 ), etc, and result in neuronal damage.

The multifunctional CCDPK | , enriched in neural
tissues, is a sensitive enzyme to ischemia.
Previously, we reported that transient ischemia could
resuli n the time-dependent significant inhibition of
CCDPK |l activity, and the inhibition of the enzyme
activity contributed to ncuronal damage'™. In this
paper, the effects of dopamine receptor antagonists on
the anoxia-induced inhibition of CCDPK 1 activity
were investigated to evaluate the relationship between
dopamine and CCDPK I activity during cerebral
ischemia and the mechanism of dopaminergic
DEWPOLORICILY .

MATERIALS AND METHODS
Materials R{ + )-Sch-23390 hydrochioride and
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domperidone were purchased from Research Biochermni-
cals International Co (RBI), USA. Sch-23390 was
dissolved in a small amount of distlled water and
domperidone was dissolved in 1 % lactate, and diluted
with glucose-free  Krebs-Ringer solution  immediately
before use. [ v-"*P] ATP was purchased from Yahui
Biological and Medical Engineering Co, Beijing: ATP
from Sigma; phenylmethane-sulfonylfluorid { PMSF )
and mercapto ethenol (3-ME) from E Merck. Other
reagents were of AR,

Hippocampal and striatal slices preparation

Male Sprague-Dawley rats (Grade [l , Certificate No
DO2-49-2, purchased from Sippr-BK Experimental
Animal Ltd Co, Shanghai), weighing 160 — 200 g,
were decapitated and the brains were placed in ice-cold
Krebs-Ringer solution: Na(l 122, KCI 3.1, KH.PO,
0.4, Mg80, 1.2, CaCl, 1.3, NaHCO, 25, glucose 10
mmol+ L=!; pH 7.4, equilibrated with 95 % O, +
5 % CO,. Parasagital hippocampal slices (350 pm)
and striatal slices {300 um) were prepared with a
McIIwain tissue chopper and preincubated in normal
Krebs-Ringer solution at 36 C for 90 min, continuous-
Iy bubbled with 95 % O: +5 % OOy,

Anoxia and drug application  Following
preincubation. slices were transfemed to glucose-free
Krebs-Ringer solution for 30 min, continuously bubbled
with 95 % Ny + 5 % O0,. DA receptor antagonists
were added 15 min before anoxia. After experiments,
the slices were quickly removed and frozen in liquid
nitrogen until use.

Assay for CCDPK ] activity The slices were
homogenized in o glass homogenizer on ice with ice-
cold homogenization buffer: Trs-HCl 20, edetic acid
2, NaF 2, PMSF 0.5, 3-ME 10 mmol-L~'; pH 7.5.
The homogenate was spun at 16 000 x g at 4 T for 5
min, and the supematant was assayed for Ca&*-
calmodulin dependert activity of CCDPK [l by the
method of % P-incorporation!® .  The phosphorylation
reaction was initiated by the addition of [ y-P]ATP
and incubated at 37 T for 5 min. Twenty microliter
reaction mixture was spotted on 2 cm x 2 cm filter
paper squares. The paper was immediately immersed
in ice-cold H;PO, 75 mmol- L~ to stop the reaction.
The paper was then washed three times (10 min each)
n ice-cold HyPO, 75 mmol " L~7, rinsed with EtOH
(100 %), dried with a hair dryer, and immersed in
scintillamt.  The radicactivity was measured by a liquid

scintillation spectrometer { LS 6500, Beckman). Pro-
tein concentration of the supematant was determined
with bovine serum albumin ( BSA) as standard .
The CCDPK [l activity was expressed in the amount of
%2 P.incotporation {nmol-min~!-g~'}).

Statistical analysis Values were expressed as
¥ * 5. The statistical analysis of the data was per-
formed by ANOVA followed by the Duncan’s new
multiple range method or Newman- Keuls test.

RESULTS

Anoxia for 30 min resulted in significant inhibition
of CCDPK [l activity in rat hippocampal and striatal
slices. and the enzyme activity fell to 29.2 % and
27.0 % of the controi, respectively.

Preincubation with Sch-23390, a specific Dy-like
dopamine receptor antagonist, diminished the anoxia-
induced inhibition of CCDPK [[ activity in rat hippo-
campal and striatal slices. The significant protections
were observed with Sch-23300 at 5 — 50 pmol- L' in
rat hippocampal slices, whereas 20 — 100 pmol L ~! in
rat striatal slices, with the enzyme activity preserved up
to 63.7 % and 66.1 % of the control, respectively
(Fig 1).

Treatment with domperidone, a specific Dy-like
dopamine receptor antagonist, also produced a
concentration- dependent attenuation of the inhibition of
CCDPK [ activity induced by anoxia in rat
hippocampal and striatal slices. The significant protec-
tions were observed with domperidone at 0.01 pmol *
L' in rat hippocampal slices, whereas 0.5 pmol-L~!
in rat striatal slice. The maximum protections were
observed with domperidene at 1 pmol - L™ in rat
hippocampal slices. whereas 5 pmol+L~! in rat striatal
slice, the enzyme activity was preserved to 60.8 % and
56.5 % of the control, respectively (Fig 2).

DISCUSSION

Many mechanisms have been proposed 10 explain
the dopaminergic neurotoxicity. Ome possibility is that
direct dopamine receptor stimulation may mediate
dopaminergic neurotoxicity. Doparmine receptors can
be classified as “Dy-like” (D, and D;) or “Dy-like”
{D;, Dy, and D) based uvpon both molecular
biclogical and phammacological similarities. D-like
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23390 against anoxia-induced inhibition of CCDPK I
activity in rat hippocampal { A) and striatal slices
(B). n=5rats. ¥xs5. “P<{.01 vs anoxia.

and Dy-like receptors are present in the hippocampus
and striamim. There have been conflicting reports
about receptor subtypes mediating dopaminergic
neurotoxicity during cerebral ischemial ™% .

The results of the present study showed that
specific dopamine D, -like or Ds-like receptor antagonist
could diminish the inhibition of CCDPK [I activity
induced by anoxia in rat hippocampus and striamm. It
suggests that the excessive release of dopamine during
cercbral ischemia is invoived in ischemia-induced
inhibition of CCDPK ] activity by stimulation of D-
like or Du-like receptors. Higher concentration was
necessary in rat striatal slices for Sch-23390 or domper-
idone to cause significant protection, which might resuit
from that more dopamine was reieased during cerebral
ischemia or there were more dopamine receptors in the

peridone against anoxia-induced mhibition of CCDPK
Il activity in tat hippocampal (A) and striatal slices
(B). n=5rmats, £xs5. P05 P<C.01 vs
anoxia.

striatum than those in the hippocampus™®®-'9)

Calcium is a pivotal factor in ischemic neuronal
damage. Many investigators have proved that D-like
dopamine receptor mediated elevation of intracellutar
calcium levels by a variety of mechanisms. The
relationship between Ds-like dopamine receptor and
calcium levels varies with the host cells and tissues that
have been studied). Our results suggests stimmlation
of Dy-like receptor mediates the inhibition of CCDPE
[ activity in rat hippocampus and striatum. The
inhibition of CCDPK 11 activity is calcium-dependent .
Therefore, our results may support the reports that
stimulating Ds-like receptor subtypes can elevate the
intracellular calcium concentration in rat hippocampus
and striatum. Dopamine receptor antagonists could
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only partially protect anoxia-induced inhibition of
CCDPK || activity, which suggests that the inhibition
of CCDPK 1[I activity is also related with other factors.
rather than dopamine receptors. This is consistent with
our previous results which showed that glutamate
receptors, voltage-gate calcium channel, etc were
involved in the inhibition of CCDPK [l activity during
ischernial®™) . The inhibition of CCDPK [l activity is
accompanied by the activation of Ca”*-calmodulin-
independent form of the enzyme!'2) . The elevation of
the intracellular calcium copcentration results in an
autophosphorylation of the enzyme at a threosine
residve, Thr™. The autophosphorylation makes the
kinase convert from the Ca®*-calmodulin dependent
form to Ca’* -calmodulin-independent form, the Ca®*-
calmodulin dependent activity is inhibited and the Ca®* -
calmodulin  independent  activity is  enhanced.
Excessive activated CCDPK 1 can potentiate the
presynaptic release of glutamate!® | but also promote
subsequent responsiveness of postsynaptic N-methyl-D-
aspartate (NMDA} receptors or non-NMDA receptors
to released glutamate by phosphorylating these
receptors!™'® | which results in enhancement of
excitotoxicity of EAA.  All above results may support
our hypothesis that Dy-like and Dy-like receptors-
stimulation partially contributes to  dopaminergic
pewrotoxicity during cerebral ischemia by elevating
intracellular calcium levels which leads to activation of
calcinm-dependent enzymes, including CCDPK I .
On the other hand, the massive release of dopamine
during cerebral ischemia could enhance excitotoxicity of
glutamate by activation of CCDPK I .
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