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CHLORPROMAZINE AGAINST THE DAMAGES OF CEREBRAL ISCHEMIA RELATED
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Abstract: The purpose of the study was to investigate the effects of chlorpromazine (CPZ)

on cerebral ischemia in rats and their relative ion channel mechanism. Effects of CPZ were

tested in witro on voltage-dependent sodium channel (VGSC) wusing patch-clamp in freshly

dissociated rat hippocampal neurons and in vivo using a rat model of experimental stroke caused
by transient middle cerebral artery occlusion (MCAO). The results showed that CPZ at 10 mg/kg

given 1 h after the initiation of MCAO was effective in reducing cerebral infarct volumes

measured 24 h later. CPZ at 30 pmol/L reversibly reduced the amplitudes of Na“ current and

activation process. In conclusion, CPZ is neuroprotective when given as a single administration

after initiation of MCAO. These data indicate that CPZ may be a useful neuroprotectant in

stroke therapy; its neuroprotective potential may come from the inhibitory effects of CPZ on Na*

channel.
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0 Introduction

At present, cerebral ischemia is still one of
the main causes for death and disability. Phenoth-
iazines (PTZ) are commonly used in treatment of
psychiatric disorders such as schizophrenia. How-
ever, it is controversial whether using PTZ alone
plays a neuroprotective role in cerebral ischemia.

Ion channels in cell membrane are targets for
many toxins and drugs. Much damage on the
central nervous system (CNS) is caused by inter-
The

voltage-gated sodium channel (VGSC) is a funda-

rupting the function of ion channels ™.

mental element in the central and peripheral ner-
vous systems. It is general accepted that the dam-
age of neurons is induced partly by the changes
The in-

hibitory effect is an important mechanism of many

of VGSC currents in cerebral ischemia.

kinds of neuroprotective drugs. In the first step of
the study, we investigated weather CPZ had neu-

Patch clamp; Neurons;

Cerebral ischemia; Chlorpromazine;

roprotective effects in brain ischemia with tran-
sient middle cerebral artery occlusion (MCAO)
The changes of VGSC kinetic
induced by CPZ are examined that

model of rats.
properties
seems to be mnecessary for understanding the
underlied mechanisms, since the changes of VGSC
currents role in cerebral

play an important

ischemia.

1 Materials and Methods

1.1 Transient Middle Cerebral Artery Occlu-
sion (MCAO)
Male Sprague-Dawley (SD, Chinese academy
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of medical sciences) rats weighing 280~300 g were
housed on a 12-hour day-night cycle with free
access to food and water. Anesthesia was induced
with 10% Chloral Hydrate i.p. Body temperature
was maintained at 37°C using a heating pad
during the experiment. One hour after the MCAO
induction, induced by an intraluminal method de-
scribed by Koizumi et o/, CPZ (10 mg/kg) was
given ip. followed by reperfusion. Normal saline
was given to control rats under the same protocol.
24 h later, the brain was removed and sectioned
coronally into seven slices of 2 mm thickness
starting from the frontal pole. Slices were stained
with 2% 2,3,5-triphenyltetrazolium chloride (TTC)
for 30 min at room temperature. Areas ipsilateral
to the occlusion, which were not stained, were
recorded as infarcted. Infarct volume was mea-
sured by using an imaging system.
1.2 Cell isolation

Animals were provided by the experimental
animal center of Tianjin academy of medicine.
Hippocampal CAl neurons were acutely isolated
by enzymatic digestion and mechanical dispersion
from 7 to 10-d-old Wistar rats as described in our
previous works, with a few modifications. Rats
were decapitated under ether anesthesia. The hip-
pocampi were removed and coronary slices were
cut at a thickness of approximately 500 pm in
ice-cold oxygenated artificial cerebrospinal fluid
(ACSF) containing (mmol/L): NaCl 134, KCI 5,
NaH,PO, 1.5, MgSO, 2, CaCl, 2, NaHCO, 25,
Glucose 10, Hepes 10 (pH 7.25 with NaOH)
within 30 s. The slices were incubated in an
ACSF saturated with pure O, at 37C for 1 h,
treated with Pronase E 6.0~7.0 kU/L for 25 min in
the oxygenated ACSF at 37°C. After digestion the
slices were washed six times with ACSF and in-
cubated in the same solution saturated with pure
0O, at room temperature. CAl regions were dis-
sected out and transferred into centrifuge tubes.
Hippocampal neurons were dispersed by gentle
pipetting using fine glass tubes. After 5 min, the

cell suspension was transferred into the recording
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chamber with a glass coverslip filled with external
solution. The cells were left for approximately
30 min before beginning the experiments.
1.3 Electrophysiology

The neurons were placed in a recording
chamber mounted on the stage of positive direc-
tion microscope (Olympus, Japan) and super fused
with extra cellular solution at room temperature
(21~227C).
whole cell currents was composed of (mmol/L):
NaCl 134, KCl1 5, CaCl, 2, HEPES 10, glucose
10, NaH,PO, 1.5, MgSO, 2, NaHCO; 25, and the
pH was adjusted to 7.2 with NaOH. Extracellular

application of drugs was carried out by perfusing

Extracellular solution for recording

cells with extracellular solution containing the
drugs. Whole-cell patch experiments were carried
out using an EPC10 (HEKA Electronics,
brecht, Germany) amplifier driven by Pulse soft-
ware (HEKA, German).

experiments, the cells were stepped from —-80 mV

Lam-

In the voltage-clamp

(20 ms) to —-10 mV (40 ms). Inward currents were
evoked by depolarizing pulses, and reversibly
abolished by application of 0.5 pmol/L tetrodotox-
in (TTX) and thus considered as Iy The protocol
was applied every 1 min. Glass pipettes were used
with a resistance of about 3~ 5 M), when filled
with a pipette solution composed of (mmol/L):
120 CsCl, 20 tetracthylammonium chloride (TEA-
Cl, 2 MgCl,, 10 EGTA, 2 Na,-ATP, 10 HEPES,
and the pH was adjusted to 7.20 with CsOH.
Data were acquired at a sampling rate of 5 kHz,
filtered at 2 kHz, stored on hard disk and ana-
lyzed off-line using the Pulsefit analysis software
package (HEKA, German). Graphical and statisti-
cal data analyses were carried out using Origin
7.0.
1.4 Data analysis

Data are presented as mean+SEM. Statistical
significance was assessed using a Student's paired
or unpaired ¢ test as appropriate, and P<0.05 was
considered significant. All data analyses were per-
formed using the software SPSS 11.5.
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2 Results

2.1 Effects of CPZ on ischemic brain injury
in vivo
24 hours after MCAO

surgery, control rats

Fig.1

2.2 Effects of CPZ on

current-voltage relationship

sodium currents and

Figure 2A showed I, elicited by a depolari-
zing command pulse from a holding potential of

-100 to 60 mV for 40 ms in a hippocampal CAl

exhibited visible intracerebral damage
7.09)%, Fig.1A)

infarct

(32.75 =
. In rats treated with CPZ, the
volume was significantly reduced to

(24.24+3.68)% (Fig.1B. P<0.05 vs model group) .

4
§

Ischemic area by TTC staining. (A) Model group; (B) CPZ administration group

neuron. CPZ was applied in the external medium
once Iy, were stable after membrane rupture. CPZ
at 30 wmol/L decreased the current peak to (82.5+
7.9)% (n=8, P<0.05) (Fig.2B).
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Fig.2 Effect of CPZ on Iy. (A) Before application of CPZ; (B) Current traces obtained after

treatment with CPZ

For analysis of the current-voltage (/-V) rela-
tionship, neurons were held at -80 mV, [y, was
obtained by depolarizing steps from a command
potential of -100 to +60 mV at 10 mV steps.
Upon the application of 30 pmol/L CPZ, the
amplitudes of [ were decreased differently at
different membrane potential, which indicated that
CPZ decreased the

voltage-dependent manner (Fig.3).

amplitudes of [y, in a
2.3 Effects of CPZ on activation and inactiva—
tion Kkinetics of sodium current

The steady-state activation curves for /Iy, un-
der control and after the application of 30 pmol/L

0 .
T -s00f
o
ksl
2
= -1 F
g 000
<
§
g -1500 |
©]
-2000 : ‘ ‘ : :
-80 -40 0 40 80
Voltage (mV)

Fig.3 Effect of 30 wmol/L CPZ on the I-V curve of Iy,
*P<0.05 **P<0.01 versus control. W: Control; O: CPZ
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CPZ are exhibited in Fig.4. Peak amplitude for Iy,
evoked by the step pulses from -80 to +20 mV
was converted into conductance by use of the
equation G=[/(V-V\,), where G is the conductance,
I the current, V the membrane potential, and Vy,
With the least squares fit

the normalized conductance was well

the reversal potential.
procedure,
fitted with a Boltzmann equation: G/G,,=1/{1+exp
[(V-VW/k]}, where G, the maximal conductance,
V, the membrane potential at half-activation, and
k the slope factor. Before and after application of
30 pmol/L CPZ, the values of V, were (-31.9z
8.25) mV and (-25.2+8.04) mV, respectively (n=
10, P<0.05), with £ of (2.48+0.71) and (1.02%
0.68) (n=10, P>0.05), indicated that the activation
curve was shifted toward more negative potential

and the activation process was reduced.
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Fig4 Effect of CPZ on steady-state activation kinetics of

sodium current. Steady-state activation curves of Iy, before

and after application of 30 pmol/L CPZ. m: Control;

O: CPZ

Fig.5 presented the steady-state inactivation
curves for Iy, under control and after the applica-
tion of 30 wmol/L CPZ. The steady-state inactiva-
tion was studied using the protocols below:
neurons were held at -80 mV and currents were
-10 mV

potentials

elicited with a 40 ms test pulse to
preceded by 100 ms prepulses to
between —80 and +20 mV. Peak amplitudes for Iy,
were normalized and plotted versus prepulse
potentials. With the least square fit method, the
curves were well fitted with Boltzmann equation:

/=1 {1+exp[(V-V)/k]}, where [, the maximal
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Fig.5 Effect of CPZ on inactivation Iy,
application of CPZ; (B)
treatment with CPZ

current, V,, the membrane potential at half- activa-
tion, and % slope factor. Before and after applica-
tion of 30 wmol/L CPZ, the values of V, were
(-43.90£3.74) mV and (-46.08+3.69) mV (n=6,
P>0.05), with k£ of (6.32+1.18) mV and (6.32+
1.18) mV (n=6, P>0.05), indicated that CPZ had

no effect on the
(Fig.6).

inactivation progress of Iy,

1.2¢
1.0F
081

0.6r

T/~

0.4r

021

0.0r EXECe

02750 60 40 20 0 20 40

Command potential (mV)
Fig.6 Effect of CPZ on steady-state inactivation kinetics

of Iy. Steady-state inactivation curves of Iy, before and
after application of 30 pmol/L CPZ. m: Control; O: CPZ

24 Effects of CPZ on the recovery from
inactivation of sodium channels

The time course of recovery of sodium
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channels from inactivation was studied using the
protocols below: a 7-ms conditioning depolarizing
pulse to —10 mV was employed to fully inactivate

the sodium channels, and then a test pulse of

@A)

®)

—-10 mV was applied after a series of -80 mV
intervals varying from 2.0 to 24.0 ms (Fig.7). The
peak value of Iy, evoked by the conditioning pulse
was designated /;, while the peak value of the Iy,

S )
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1 | | 10mv 7ms 2ms
|! 1 i1 !
1 | ” |
I ||| | | osm | | Somv | |,
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Fig.7 Effect of CPZ on recovery form inactivation Iy,

traces obtained after treatment with CPZ

The

ratio of I, to I, represents the recovery of Iy, from

evoked by the test pulse was designated I,.
inactivation. The plot of I/, vs. the duration of
the -80-mV intervals was well fitted with a mo-

noexponential function (//I,,=A+B.,(-t/7), and the

time constant was calculated. Before and after
application of 30 pmol/L CPZ,
recovery were (2.04+0.75) ms and (2.44+1.31) ms
(n=6, P>0.05). Application of 30 wmol/LL CPZ had
no obvious effect on the rate of Iy, recovery from
the

the rates of I,

inactivation and delayed channel recovery

course (Fig.8).
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Fig.8 Effect of CPZ on recovery kinetics of Iy. Recovery

kinetics curves of sodium currents before and after applica-
tion of 30 wmol/L CPZ. m: Control; O: CPZ

(A) Before application of CPZ; (B) Current

3 Discussion

MCAO model has been used widely, and it
is considered to be a model of severe ischemia.

In the present study, CPZ showed a neuroprotec-

tive effect according to the results of TTC
staining.
It has been reported that cerebral ischemia or

severe anoxia could induce sustained Na' influx.

The present results indicated that CPZ inhibited Iy,
currents of rat hippocampal neurons. Na® overload
reversed the action of the Na”/K-ATPase and

stimulated ATP turnover, facilitating energy expen-

4]

diture . In addition, the excessive Na® also

reversed Na'/Ca* exchange, resulting in an in-

crease of intracellular Ca? B

which triggered a
cascade of harmful events via activation of pro-
There-

fore blockade of Na' channel is considered to be

tease, phospholipases and endonucleases .
a target for cerebral protection. Many studies
have demonstrated that Na“ channel blockers such

as lidocaine, lifarizine and magnesium, prevent

-1 The neuro-

ischemic and anoxic brain damages
protective effect of CPZ on cerebral ischemia may
be related to the inhibitory action on the ampli-
tudes of Iy,

A negative shift of inactivation curve means
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a lower membrane potential threshold for closing
CPZ had no

effects on the steady-state inactivation of /Iy On

these channels ". In this study,
the other hand, CPZ produced a hyperpolarizing
shift in the activation-voltage curve. The neuronal
excitability was partly maintained by /y, the ac-
tion of CPZ on the activation of Iy, which might
be related to the neuroprotective effects. However,
the exact mechanisms remain undefined.

The effects of CPZ on [, may be related to
the channel phosphorylation, because the VGSC of
brain is a primary target for PKA and PKC. Acti-
vation of PKA and PKC reduces alterable kinetics
of VGSC currents Therefore,
CPZ might affect the Iy, through the action of

protein kinase.

in CAl neurons.

In conclusion, the changes of Iy, currents
induced by CPZ are likely related to its neuropro-
A further

study seems to be necessary for understanding the

tective effects in cerebral ischemia.

mechanisms underlying CPZ inhibitory effects on

the Iy, currents.
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