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Effects of naloxone on tissue oxygen supply and somatosensory evoked
potentials in cat brain during focal cerebral ischemia

DING Li—Hua, XI Guo—Hua?, DING De~Yun. YU Bi’. ZHOU Jun—Fu?, WU Ming?
(Institute of Clinicai Pharmacology. Second Hospital of Zhejiang Medical University, Hangzhou

310069, China)

ABSTRACT The effects of naloxone on local tissue
oxygen partial pressure (p0O,) and on the
sornatosensory evoked potentials (SEP) were studied
in the brain of cat during focal cerebral ischemia.
Ischemia, produced by clamping of the middle cere
bral artery (MCA) by a transorbital approach. was
performed in two series of cats for 3 h. In on¢ group
of cats (n=35), naloxone 5mg* kg~' was injected jv
0.5 h after clamping. The pO, was continuocusly re-
corded on differeat depths {0 — 5000 um) of the
median gyrus by a polarographic oxygen micro—
clectrode,

After MCA clamping, pO, (depth of 0 — 1000
jan) decreased markedly and hypoxia occured in the
ischemic arca. But in the deeper brain (1001 — 5000
pam) pO, did not change significantly. The amplitude
of SEP decreased after MCA clamping, while the
conduction time of SEP did not significantly
decrease. The mean pO, values in the ischemic area
were increased as compared to the control group after
naloxone, especially at the depths of 0 — 1000 gm,
and the hypoxia was improved. The amplitude of
SEP was increased afier naloxone in comparison to
the situation of ischemia without naloxone. The con-
duction time of SEP was not improved significantly.

We conclude that naloxone can improve the oxy-
gen supply and the electricad activity of neurons in the
ischemic region of the brain.
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Some investigators reported that opiate
recepior blocker naloxone might be an effec-
tive agent for protecting ischemia®™™, but
others found no improvement in laboratory
prcparations“]. As there are no data available
about oxygen supply ol the ischemic brain
after naloxone especially the tissue oxygen
partial pressure (p0,} in deep brain tissue, we
investigated the oxygen supply of the brain of
the cat with naloxone induced after clamping
of middle cerebral artery (MCA) by directly
recording the pO, at dilTerent depths of brain
with a new polarographic oxygen micro—
clectrode. In some experiments the effect of
naloxone on the somatosensory evoked poten-
tials (SEP) was examined.

MATERIALS AND METHODS

Prepartion of cats  Eighteen adult cats of
either sex weighing 3.0+ 5D 0.4 kg were used.
Cats were premedicated with im atropine 0.03
mg - kg™' and ketamine 30 mg + kg™'. The
right femoral artery and vein were cannulated
for recording the sysiemic arterial blood pres
sure and for medication, respecdwvely. Arie-
rial blood pressure was measured with a pres
sure transducer connected to a physiological
recorder (STY-3000 B, China)., Rectal
temperature was stabilized at 38 by a heat-
ing pad. The cat head was placed to the prone
position in a stereotactic frame with the sharp-
ened ear bars fixed in the external ear canals.

Craniectomy about 10 mm in diameter
was made over the right parietal region with a
dental drill, The operative field was
superfused with warm (37C ) saline. The dura
mater was removed in the frontal part ol the
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gyrus ectosylvius medius for positioning the
oxygen microelectrode.  The right middle
cerebral artery (MCA) was prepared by a
transorbital approach®.

Measurcment of pO, pO, was meas-
ured withk a platinum polarographic oxygen
microelectrode® made from platinum wire of
0.5 pum in diameter pulled in plass with tip
diameter less than 1.0 ym, which covered
with a very thin layer of Ag—AgCl as coaxis
reference electrode. Oxygen microelectrodes
were inserted gradually from brain surface to
depth of 35008 um. The oxygen micro—
clectrodes were calibrated immediately before
and after cach study period. The calibration
curves were¢ made in normal saline at 37C in
using 99.99% M, and air (20.9% 0,}.

Recording of SEP  SEP was determined
using nervous function system (Neurotrac,
USA). In all experiments, SEP was recorded
successively. The screw clectrode was placed
in the skull contralateral to the stimulating
electrode and 1 cm lateral to the midline on the
coronal suture and in the midline over the
frontal sinus for recording the SEP. The posi-
tion of this elecirode was finely adjusted io
obtain a typical pattern of response at the con-
trol period. Another recording electrode was
placed at Erb’s point for recording Erb's
potentials. = Amplitudes {peak to peak
amplitude of the primary positive / ncgative
response} and latencies were read to 0.1 gV
and 0.1 ms. respectively. The central con-
duction time of the positive and regative re-
sponse (CCT, and CCT,) werc calculated.

Experlmental protecol During the con-
trol period, pO, at different depths of punc-
ture was recorded for 20 — 40 min. SEP was
recorded once or twice as control. Group A
{n=06) neither MCA clamping nor naloxone
as nonischemic control. Group B {n=15),
MCA was occluded for 3 h. Group C
{n=6), naloxone (Sigma, 5 mpg- kg ') was
injected 0.5 h after MCA clamping. p0O, and

=313+

SEP were recorded at 0.5, 1, and 3 b after
control period or MCA clamping,

Data analysis We used the unpaired ¢
test or F~{ analysis with equal variance. If
the two population did not satisfy the F—test
for equality of variance, the Cochran approx-
imation was used.

RESULTS

p0O,; in the parietal brain during ischemia
and nonischemia 0O, was continuously
recorded in 5 cats (group A} during the whole
course of the experiments. Mean pQ, values
were quite constant ar different depths of brain
(Tab 1),

Tab 1. Success detection of pO, (kPa) st different
depths of bralz Iz nonischemin cats. n=5. x* 5D,

"P>0.05, “"P<045 "''P<0.01 vs depth of 0 —
1000 pm. *P>0.05 vz O b

h Depth (um)
0—1000 1001-3000 30015000
| 50122 1.7t 06" 23120
0.5 451+ 1.7F 26123 22121
1.5 3.9+1.3% 1.5t 1.0°" 20215
3.0 45+18" 23114 22109

After MCA clamping, pO, decreased at
most of the measuring points. In control
group (group B}, mecan p0O, values were low
constant during the whole ischemic period and
no significant increases in mean pO, values
were seen at 1 and 3 h after MCA clamping
(Tab 2}.

Effect of maloxone on pOO, during focal
cerebral ischemia  With the iv naloxone 5
mg - kg after 0.5 h of MCA clamping,
FO, (0 - 1000 um) was increased as compared
to the control group. The pO, in deeper
brain was not decreased significantly after
MCA clamping. With the naloxone, the in-
crease of pO, wvalues in decper brain was
insignificant (Tab 2).

Effect of naloxone on SEP during focal
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Tab 2. pO, kPa} after Ivr naloxome 5 mg - kg durlag focal cerebral ischemla in ests. n=5, i1 t SD,
*P>0.05, “"P<0.05, """P<0.01 vsbefore naloxone, ‘F>0.05, P <0.05 vscontrol.
0—100 ym 10013000 um 30015000 um
Caontrol Treated Control Treated Control Treated

Preoceclusion 67142 61136 33x3s° 2.1t 06" 33x38° 1.5+ 1.6
Postocclusion

Before naloxone (0.5 h) 23106 I0+1.4* 2114 1,712 1.8+ 1.7 20+ 1.6%
0.5 h after naloxone (1 h) 3.0£22° 66X 1.1°"Y 201097 3429 22+147 51+4.6"
2.5h after naloxone {3 h) 34x30° 82423 26117 25+ 1.8 2.5+£23° 48+28"

Wote: The time of MTA clampmg is given in parentheses.

Tab 3. Effect of naloxone $ mg - kg™ on somatosensory—evoked polentials during focal cerebral lschemia in cats,

n=%, xtSD "P>008 “'F<005 “*"FP<001 vscontrol, ‘*P>0.0%5 TP<0.058 *P<0.01 vs before
naloxone.
AMP (u¥) CCT, (ms) CCT, (ms)

Control Treated Control Treated Control Treated
Preocclusion 121x2.4™ 13613077 70113 7.0 1.1 121+26" 11B:1.6""
Postocclusion
Before naloxone (0.5 h) 28125 20+1.7° 69120 6.5t16 133+ 1.8 122+t24°
0.5 h after nalexone (1 h) 29+21% 710277 65+14% 92+31'"  139+25° 148x29%
2.5 h after naloxone (3 k) 15+1.1Y 66121 d9x28* 11.5£1.9°™ 145+3.1" 1722404

Wote: The time of MCA clamping is given in parentheses.

cerebral ischemia The amplitude of SEP de-
creased significantly after MCA clamping in
control and treated cats (Tab 3}. In the fur-
ther course of ischemia without naloxone, the
amplitude of SEP did not change any more.
In treated calts, the amplitude of SEP was in-
creased 0,5 h after iv naloxone as compared to
the conlrol cats {P < 0.05) and to pretreaiment
{0.5 h post—occlusion) (£ <0.05). The CCT,
and CCT,_ did not change significantly at ear-
liecr periods after MCA clamping, but in
ireated cat, CCT, and CCT_ were prolonged
at the later periods after iv naloxone as com-
pared to the pretreatment, buot in comparison
to the control group, it was no significance.

DISCUSSION

As our tesults have shown that pO, in
different measurement points (depth of 0 —
1000 um) in the control period varied between

0 — 14 kPa (0 — 105 mm Hg) with mean pQ,
values of 5.0, 6.7, 6.1 kPa in three groups,
respectively. These findings of pO,  values
are in accordance with earlier findings from
cat brain and other species using surface oxy-
gen clectrodes™.  In two of twelve cats
clamping of the MCA produced a small but
insignificant decrease in amplitude of SEP,
and the recovery of pO, and SEP normally
occured in these 2 cats within the 0.5 h after
clamping. To be able to appreciate the effect
of naloxone on the axygen supply of ischemic
brain area, we eliminaied these two animals
from our studies. In group A, one animal
was also eliminated because of cerebral bleed-
ing during puncture of oxygen microelectrode.
Recent studies have been devoted to de-
termining whether changes in cerebral electri-
cal activity can provide a useful clinical moni-
tor of developing ischemia, and SEP changes
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during 1schemia have been related to alteration

“in cortical blood Now ®'®. The amplitude
reduction in SEP might be the results of re-
duced cortical neuronal firing'?. In our re-
sults p0, in the superficial cortex and
amplitudes of SEP were markedly decreased
during the carlier period of MCA clamping,.
while the central conduction time of SEP and
pO, in deeper brain did not change
significantly. After naloxone injected the
PO, (depth of 0 — 1000 ym) and amplitudes
of SEP were significantly increased. As the
electrical activity can be used as an indirect in-
dicator for oxygen consumption of the brain
cortex. We may conclude that naloxone can
improve the oxygen supply and clevate the
clectrical activity of neurons in the ischemic
area of the brain.
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