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Neuroprotective effects of ‘phencjrclidine on acute cerebral ischemia and
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ABSTRACT Acule ischemmia  and
reperfuston injury of rabbiis was produced hy perma-
nently occluding the vertebra) arteries and temporarily
clamping the common caretid artenes for 30 min,
Phencyclidine [I—iphepyleyclohexyl)piperidine. PCP1
4080 pg- kg' ey 30 min before ischemia
significantly attenuated the decrease of the totd! power
of electroencephalogram (EEG) wathin 30 min of
ischemia and improved the recovery of brain electric
activity following reperfusion. PCP 20-80 ug - kg™
dose—dependently suppressed the creatine kinase (CK)
release during cerebral ischemia and reperfusion. and
PCP 40-80 ug- kg' reduced bran ischemic
damage. These improvements indicated that PCP has
protective effects on acute cerebral ischemia and
reperfusion injury.

cerebral
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The “excitotoxin theory” suggested that
the neurodegeneration resulted from periods
of anoxia or ischemia was caused in part by an
excess release of glutamate leading to over—
aclivity at synapses utilizing excitatory amino
acid transmitters'”’. Selective antagonists of
the A—methyl—D—aspartate (NMDA} subclass
of exciiatory amino acid receplors attenuai—
ed glutamate induced neurotoxicity. ischemic
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neuron damage or hypoxic brain injury'™. Of
particular interest are the non—competitive
NMDA antagonists such as kelamine. dex—
trorphan, dextromethorphan. and dizocilpine
maleate (MK-801)"""  These lipophilic
compounds readily penetrate the central nerv-
ous »ystem and can be adminisiered
systemnically. PCP is also a non—competitive
NMDA antagonist via blocking the NMDA
receptor—channel complex by binding to the
PCP site'"™ and has been shown 1o reduce the
infarct size after focal cerebral ischemia in
rat'”. The purpose of this study was to ex-
plore the effects of PCP on global cerebral
ischemia in rabbit with multidisciplinary tech-
nigaes.

MATERIALS AND METHODS

Forty New Zealand white rabbits of ei-
ther sex weighing 2.8+ ¢ 0.3 kg were used.
Cerebral ischemia was produced by ligating bi-
lateral common carotid artenes and bilateral
verichral arteries according to the model of bi-
lateral hemispheric ischemia'™ and we made
some modifications. Briefly, rabbiis were
anesthetized by v 14% urethan and 0.7%
g—chloralose 5 mg - kg~' and both common
carctid arieries and vertebral arteries were iso-
lated viz a ventral, midline cervical incision.
Bilateral vertebral arteries were uted by silk
thread and bilateral common carotid arteries
were ligated by arterial clamps. Reperfusion
following the 30—min ischemia was made by
removing carotid clamps. Body temperature
was measured with a rectal probe and kept be-
tween 36.5 and 37.5C with a warming pad.
Mean arterial blood pressure (MABP) and
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heart rate {(HR) were monitored continuously.

The rabbit head was immeobilized in a
stereotactic frame. and the skull was
exposed. In the center of the right side of
parietal. a 0.5 mm diameter silver electrode
connecting to a SJ—42B multichannel physio—
logic recording system was inserted till dura
mater of brain to record the EEG. The
reference electrode was placed in midline of
the occiput. Power spectra of EEG was ana-
lyzed with 7T08 Signal Processor.

Cerebrospinal fluid (CSF) samples (25 ul
each) were slowly collected from the 4th
ventricle before ischemia and 2 h after
reperfusion. CK and lactate dehydrogenase
{(LDH) activity in CSF were determined
colorimetrically by CK and LDH measure—
ment kits. respectively.

Four hours after reperfusion. the rabbits
were deeply anesthetized with 25 mg - kg™
sodium pentobarbital. Perfusion was per-
formed through a iateral common carotid ar-
tery using 200 mil normal saline (NS) followed
by 300 ml Bouin’s solution. The rabbits were
decapitated immediaiely after perfusion.
Brains were stored in Bouin‘s solution for at
least 7 d. The brains were then sectioned in
coronal plane. embedded in paraffin, sec-
tioned at 6 pm thickness. and stained with
hematoxylin and eosin {HE). Sections were
chosen for examination under a light micro-
scope.

Rabbits were randomized into sham-—
operation. control {NS) or PCP treatment
groups. PCP 20, 40. or 80 ug - kg™' was
slowly injected into a lateral cerebral ventricle
{icv) 30 min before ischemia. In the control
group, NS was injected icv in the same vol-
ume (10 4l - kg™') as PCP. In sham—opera-
tion group. rabbits were subjected to the
same procedure except for the 4—vessel
occlusion.

Two—tailed ¢ tests and paired ¢ tests were
used in the statistical analyses,

RESULTS

MABP and HR changes In all ischemic
groups, MABP immediately increased fol-
lowing artery occlusion and then rebounded to
the control values after reperfusion began. In
the groups treated with PCP 40 and 80
ug - kg”'. HR showed 2 tendency to decrease
during cerebral ischemiu and reperfusion (Tab
1). There was no significant difference in
MABP or HR between the PCP and the NS
groups.

EEG changes During cerebral ischemia,
the amplitude of EEG were severely
inhibited, even became flattened and the total
power spectra of EEG was decreased. These
changes in PCP treated pgroups were
significantly different from those in NS control
group. As shown in Fig | and Tab 1. icv
PCP 40 or 80 pg- kg™' before ischemia
attenuated the decrease of the total power
within 30 min of ischemia and mproved the
recovery following reperfusion. They -also
improved the recovery of EEG amplitude.
The effect of PCP 80 ug - kg ' was more po-
tent than that of PCP 40 ug - kg™'. yet PCP
20 ug + kg™ showed no influence.

CK and LDH in CSF  After 30 min of
cerebral ischemia and 2 h of reperfusion. in
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Fig 1. Effect of phencyclidine on electroencephalogram
at cerebral ischemia and reperfusion jn rabbits.
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Tab 1. Effects of phencyclidine on mean arterial blood pressure (MARP), heart rate (HR). and the total power

spectra of EEG (relative nnit. the total power in 30 min after anesthesia expressed with 1) in cerebral ischemia amnd

reperfusion of 1abbits. Sham 1. sham—operation ~ NS. Sham 2. sham—operation + PCP 40 pg - kg '
P05 UP<D05. TP <001 s saline group.

Phencyclidme “ pg - kg_'

Sham | Shum 2 NS 20 41 80

Rabbrls 4 4 7 4 7 3

1 . Mean arienal blood pressure \AMABE - WPo)

Contrel 4.5-21 15.2+1.3 148211 130+ 16° [49+1.0 147*1.57

Drug 30 nun 135+ 1.6 142=25 142414 138 +2.07 152+1.8° 15.0=15"

Ischemia 30 min 129+j.9 127+ 1.8 178=1.4 1y = 3* 180+1.2° 17.6+1.4°

Reperfusion I b 126122 135407 123214 13£3° 13.7=21.37 14.0+0.3"
2h 128x1.2 13.7x1.2 135+28 13.4-28° 1372 1.3 14.1+£0.3"
4hb 130=1.1 13.0=x14 133+ 1.6 13+4° 139+ 16" 134+1.0°

2 Heart rate (HR / bpm)

Control I 240+ 47 31+ 295+ 307 298+ 287 05 +35°

Drug 30 min 3 +4a2 000 296+ 32 285+31° 291 = 377 5£4R°

[schemia 30 min 307=129 300 =0 296121 287+ 347 279£327 IRR L 247

Reperfusion I b 7L 29 o7 2961 3] W+ 15° 273400 2R5+417
2h 300+ 24 3D+ 17 299+ 1% 185127 2791 A7 Jd0x 1’
4h oo+ 17 o2+ 2 284 %15 RIU(E P 268 = 547 270+ 547

3 : Total power spectra of EEG

Drug 30 min 11204 t9+04 1509 1.340.6" 1.3x0.e" 132087

Ischemia 30 mm 107+0.22 1.1+0.5 UNIE0HY  0008£0.0077 00910117 01710157

Reperfusion t h 1.0+0.3 0991422 N12+£0.10 D15£006™ 053402677 04L£02077
2h 1.0=0.4 1.08+0.20 0274022 03+04° 054=027" 061+027T°
4h - - 014014 D4+ 0.14° 0.5+04° N6+0.5°

NS control group. the CK actvily in rabbit PCP 40 ug - kg'' treatment group.

CSF evidently increased (Tab 2). PCP sup- Pathological changes of neurones  Severe
pressed dose—dependently the rise of CK activ- brain damage was confined mainly to the cer-
ity. In rabbit CSF during cercbral ischemia ebral cortex after 30 min of cerebral ischemia
and reperfusion the LDH activity tended and 4 h of reperfusion. Edema. degenerative
to show an elevation. which disappeared in chunges, and necrosis {manifested as vacuola—

Tah 2. Effects of phencyelidine on ereatine kinase activity {lg TU - L") in rabbit cerebrospinal fuid during cerebral
ischemia and reperfusion. Sham 1:  sham—operation + NS, Sham 2: sham-—operation + PCP 40 pg - kg™
*P=0.05, "'P<0.01 vspre-—-ischemia.

Phencychdine / pg - kg™

Sham | Sham 2 Salipe 20 40 R0
Rabbits 4 4 8 6 & 4
Pre—ischemia 1.9+{.5 I.a+.6 1Lity4 15=07 1.6+0.6 1.6+0.4
t o
~h reperfusion 1.7+0.6° 134047 232087 109+0.7° 17+06° 1.6+ 06"
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tion, shrinkage. and triangulation of the nu-
cleus and cytoplasm. and decrease in nuclear
size and basophilia of nucleus) were seen.

PCP 40 or 80 pg- kg ' reducedthe brain
damage. The effect of PCP 80 ug - kg was
more potent than that of PCP 4 pg - kg™

PCP 20 ug- kg' did not affect the
pathologic changes during cerebral ischemia
and reperfusion (Fig 2, Plate 1).

DISCUSSION

It is generally considered that the experi-
mental model. acute cerebral tschemia and
reperfusion by occluding the 4 blood vessels,
is reproducible. practicul, and with a bigh in-
cidence of brain ischemic neuronal damage'®".
As the ischemic brain damage induced by 30
min ischemia-~ was reversible und 60 min
tschemia wus considered only suitable Tor
pathologic study and not for evaluation of
preventive agents'”', we chose ischemia for 30
min to ohserve PCP effects on cerchral
ischemia and reperfusion injury. We used
rahbits because their cerebral vasculature re-
sembles that of humans''™

EEG is a simple. direct, and immediute
tndex to evaluate the brain condition in global
cerebrat ischemia. It has been reported that 1n
global cerebral ischemia the first chunge is the
decrease of EEG activity and the power spec-
trum of EEG is vorrelated with the degree of
cerebral damage''''?'.  Since the experimental
results showed that PCP markedly reduced the
inhibition of cerebral electric activity and im-
proved the recovery. it seemed that PCP pro-
tected cerebral function against damage during
1schemia and reperfusion.

The elevation of CK and LDH activity in
CSF indicated that CK and LDH release in-
creased which expressed cell membrane
permeability increased and the ischemic brain
cell dumage did exist'™. PCP can suppress
the rise of the activity i CK and LDH sug-
gesting that PCP had neuroproteciive effect.

In the control group, CK activity signifi—
cantly rose dunng cerebral ischemia and
reperfusion. but LDH activity had only a
tendency to increase and the levels of LDH
was lower than those of CK in CSF. These
results suggested that a rise of CK activity in
CSF had a close retation to hrain ischemic in-
jury,

In our experiments. there were obvious
rmorphologic changes of neurones m the cere-
bral cortex which indicated that there was se-
vere damage after 30 min of cerebral ischemia
and 4 h of reperfusion. The histologic find-
ings showed that PCP reduced the neuronal
edema and necrosis. a direct and strong evi-
dence that PCP had neuroprolective effect in
brain ischemic injury,

During cerebral ischemia and reperfusion,
severe brain damuge was chiefly confined to
the cerebral cortex. especially n lavers 3. 4
or 5. These repions uare related to a higher
density of NMDA recepiors''™®. It has been
reported that NM DA receptors play an impor-
tunl role In mediating the cortical ischemic
neuronal damage'™*". Our results suggested
that PCP is a peuroprotective agent against
brain ischemic damage which may be mediated
through NMDA receplors.
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