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The effects of a thromboxane A2 receptor antagonist (anti-TXA2i ONO
3708) on the neurologic recovery after 15 min complete cerebral ischemia were
investigated in dogs. Complete cerebral ischemia was achieved by occlusion of the
trunk of the aorta, the superior and the inferior caval vein. Seventeen dogs were
divided into 2 groups; 1) control group (no drug, n = 9), 2) Anti-TXA2 group
(anti-TXA2 200 mcg·kg-1 in iv bolus soon after recirculation followed by contin
uous infusion at a rate of 10 mcg·kg-1.min- 1 for 3 days, n = 8). EEG, auditory
brainstem response (ABR), middle latency response (MLR), and somatosensory
evoked potential (SEP) recordings were obtained before ischemia, 120 min after
re-circulation and on the 7th day after ischemia. The neurologic recovery score
(NRS) were determined on the 3rd and the 7th day. Impaired EEG score was
significantly higher in the anti-TXA2 group on 7th day after ischemia (P < 0.05).
Anti- TXA2 increased the reappearance rates of the ABR- Vth (P < 0.05) and the
SEP-N3 waves (P < 0.01) at 120 min after ischemia. The survival rate tended to
be higher in the anti-TXA2 group. However, NRS did not significantly differ in
the groups. (Key words: TXA2 receptor antagonist, complete cerebral ischemia,
evoked potential, neurologic recovery score)

(Takahashi M, Iwatsuki N, Ono K, et al.: The effects of a thromboxane A2
receptor antagonist on neurologic recovery after 15 min complete global brain
ischemia in dogs. J Anesth 5: 73-78, 1991)

It is well recognized that complete cere
bral ischemia increases Ca2+ influx into the
brain celts. The increased Ca2+ triggers the
activation of arachidonic acid cascade, pro
duction of oxidative free radicals, activation
of proteases and the release of excitatory
neurotransmitters'<". These biological ac
tive substances are considered to be related
to the development of brain damage after
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ischemia!":'. Thromboxane A2 (TXA2 ) is
one of such substances extracted from arachi
donic acid metabolism and characterized
to be a strong platelet aggregator and
vasoconstrictort-". The increase of TXA2

concentration in plasma and brain tissue af
ter brain ischemia" may contribute to the
acceleration of the postischemic neuronal
damage.

The purpose of the present study was to
investigate the effects of a thromboxane A2

receptor antagonist (anti-TXA2 ; ONO-3708,
Ono Pharmaceutical Co., Osaka, Japan) on
the neurological recovery after 15 min com
plete brain ischemia in dogs.
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Table 1. The measuring condition of the evoked potentials

ABR MLR SEP

Derivation (+)-(-) Cz-A1 Cz-AI Fz-C3'
Fz-CV2

Stimulation clic sound clic sound current
90 dB 10 Hz 90 dB 5 Hz 4 rnA 5 Hz

Stimulation site It ear It ear rt median nurve
Band (Hz) 100-3000 5-1000 20-1000
Sweep (ms) 10 50 100
Average count 1000 500 500
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Materials and Methods

These experiments were approved by
the Animal Care Committee of Tohoku
University. Seventeen adult mongrel dogs
weighing 8-13 kg were studied. Anesthe
sia was induced with iv sodium thiopental
(25 mg.kg-I) and maintained with 0.3%
halothane in O2 and pancuronium. Their
lungs were ventilated with a R-60 respira
tor (Aika) via a cuffed endotracheal tube to
maintain Paco 2 between 35 and 40 mmHg
under monitoring of expired CO 2 (78356A,
Hewlet-Packard). A forelimb vein was can
nulated for fluid and drug administration,
and Lactate-Ringer solution was infused at a
rate of 6-8 ml.kg-1·min- I. A femoral artery
was cannulated for arterial blood sampling
and continuous monitoring of systemic arte
rial pressure (BP). Lead II of the ECG was
continuously monitored, and heart rate (HR)
was computed from the mean values of RR
intervals. Body temperature was monitored
by an oropharyngeal thermistor probe and
maintained between 37.0 and 38.0°C before
ischemia and between 35.5 and 37.5°C after
ischemia by a warming mat and a heat lump.

The leftside thoracotomy was performed
aseptically at the 4th intercostal space and
tapes were placed around the inferior and
the superior caval vein, and the trunk of the
aorta. Complete global brain ischemia for 15
min was achieved by occluding the inferior
caval vein, the trunk of the aorta, and the
superior caval vein by tightning of the tapes.
During occlusion of the vessels, the heart
was cooled with iced saline placed in the
pericardial cavity. There was no animal of

cardiac arrest during the 15 min occlusion.
After drawing out iced saline and loosening
the tapes, re-establishment of systemic cir
culation was achieved by iv injection of 1
mg of etilefrine and 1 mg·kg- I of sodium
bicarbonate.

The chest was closed 150 min after re
circulation. Muscle paralysis induced with
pancuronium was reversed by neostigmine
with atropine. When blood gas showed a
normal respiratory state under enough spon
taneous respiration, the endotracheal tube
was extubated. An electrolyte solution with
glucose was infused until the dogs could
drink and eat normally, and an antibiotic
was injected im daily for the first 4 days.

After re-establishment of circulation, the
dogs received' a randomized order either
no drug (control group, n = 9) and anti
TXA 2 200 mcg·kg- I in iv bolus followed
by the continuous infusion at a rate of 10
mcg·kg-1·min- 1 for the next 3 days (anti
TXA 2 group, n = 8).

Blood samples for hematocrit (Ht), blood
gases, glucose (BS) and lactate (LA) were
obtained immediately before ischemia and
120 min after re-circulation. EEG, auditory
brainstem response (ABR), middle latency
response (MLR) and somatosensory evoked
potential (SEP) were measured with Neu
repack II (Nihon Kaden) immediately before
ischemia, 120 min after re-circulation and
on the 7th day after ischemia. The mea
suring conditions of the evoked potentials
(EPs) were listed in table 1. EEG was scored
from 1 to 5 using a modification of Scollo
Lavizzari's classification? (table 2). On the
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Table 2. EEG score

1: Dominant, normal alpha-activity with theta-delta-acti vity
2: Dominant theta-delta-activity with detectable normal

alpha activity
3: Theta-delta-activity without alpha-activity
4: Low voltage delta-activity or monophonic, non-reactive

alpha-beta-activity possibly with short isoelectric intervals
5: very flat to isoelectric EEG

Table 3. Values of physiologic, blood gases, blood glucose (BS) and
lactate (LA) before and 120 min after ischemia (mean ± SD)

Control Anti-T XA2

before 120 min after before 120 min after

mBP (mmHg) 125 ± 22 115 ± 15 118 ± 15 122 ± 18
HR (bpm) 186 ± 21 162 ± 14* 184 ± 33 169 ± 9
BT (C) 37.5 ± 0.3 36.5 ± 1.1* 37.6 ± 0.3 37.0 ± 0.4
HT (%) 40.5 ± 4.1 46.2 ± 4.2** 35.8 ± 4.1 44.2 ± 3.3**
Pao, (mmHg) 492 ± 26 458 ± 63 481 ± 59 417 ± 84
Paco, (mmHg) 37.4 ± 2.2 35.3 ± 1.1* 38.0 ± 2.1 39.3 ± 4.5
BE (mEq ./-1) -1.7 ± 1.3 -1.0 ± 2.5 +0.2 ± 2.0 -2.4 ± 2.2*

BS (mg.dl-1) 123 ± 23 147 ± 42 124 ± 22 178 ± 55*
LA (mM ./-1) 1.1 ± 0.7 1.6 ± 0.8* 1.1 ± 0.4 1.3 ± 0.6

*P < 0.05, **P < 0.01, versus before.
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3rd and the 7th day after ischemia, the neu
rologic recovery score (NRS)8 was calculated
according to the method of a modification of
Todd's neurologic deficit score".

Hemodynamic, blood gases, BS and LA
values were analysed by a Student' t test.
NRS and EEG scores were tested by a
Wilcoxon' U test, and the reappearance rates
of the evoked potential waves and the sur
vival rate were analysed by an X2 test. The
differences were considered significant when
P < 0.05 and to have a tendency to be
significant when 0.05 < P < 0.1.

Results

Weight and age of the control and the
anti-TXA20 groups were 10.9 ± 1.6 kg, 1.9 ±
0.6 yr, and 10.8 ± 1.0 kg, 2.2 ± 0.3 yr (mean
± SD), respectively. There were no signifi
cant differences between the two groups. Ht
and LA were increased, and HR, BT and
Paco2 were decreased significantly in the
control group at 120 min after ischemia,

compared to those of the preischemic values.
In the anti-TXA2 group, increases in Ht and
BS and a decrease in BE at 120 min after
ischemia were significant. There were, how
ever, no significant differences between the
two groups at any periods (table 3).

The mean value for EEG score on the 7th
day was significantly lower in the anti-TXA2

group (P < 0.05), while that at 120 min
after ischemia did not significantly differ be
tween the groups (fig. 1). The reappearance
rate of the ABR- Vth wave and the SEP-N3

wave at 120 min after re-circulation were
Significantly higher in the anit-TXA2 group
(P < 0.05, P < 0.01). These differences be
came to be insignificant 011 the 7th day.
The MLR-Pa wave did not reappear at 120
min after ischemia in both groups. On the
7th day, the reappearance rate of this wave
tended to be higher in the anit-TXA 2 group
(table 4).

The survival rate on the 7th day was
6/9 (67%) in the control group and 8/8
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Time After Ischemia

Fig. 1. EEG scores of the control group (0)
and the anti-TXA2 group (.) at 120 min and
on the 7th day after ischemia. Each point repre
sents the mean ± SE. *P < 0.05, between the two
groups.
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Fig. 2. The neurologic recovery scores (NRS)
of surviving dogs in the control group (0) and
the anti-TXA2 group (.) on the 3rd and the 7th
day after ischemia. Each point represents the NRS
of each dogs and each bar represents the mean. No
difference among the two groups at each period.

(100%) in the anti-TXA2 group (P < 0.08).
Averaged NRS values on the 3rd and 7th
day did not significantly differ between the
groups (fig. 2).

Discussion

Although TXA2 has been reported to in
crease in plasma and the brain tissue after
brain ischemia", little information is avail
able concerning the effects of TXA 2 on the
process of postischemic brain damage. Since
TXA2 has a strong potency of vasoconstric
tion and platelet aggregation I O- 12, TXA2 is
considered to relate closely to the induction
of the postischemic delayed hypoperfusion
or the no-reflow phenomenon which may
be one of the contributing phenomena to
accelerate postischemic brain damages. In
fact, the TXA2 synthetase inhibitor has a

protective effect on brain ischemia when ad
ministered both before and after ischemia-".
Anti-TXA2 has been reported to inhibit in
tracoronary thrombosis induced by partial
occlusion of the coronary artery at a dose
of 100 mcg·kg- I in iv bolus and to prevent
cerebral vasospasm induced by intracister
nal injection of fresh blood at a dose of 10
mcg·kg-1·min-1 iv infusion in dogs 12. We
selected the doses of anti-TXA2 in this study
with reference to these reports.

The present results demonstrated a sig
nificant improvement of EEG score in the
anti-TXA 2 group on the 7th day after is
chemia. The recovery of the ABR- Vth and
the SEP-N3 waves at 120 min and the MLR
Pa wave on the 7th day after ischemia were
accelerated in the anti-TXA2 group. These

Table 4. The reappearance rates of EPs at 120 min and on the 7th
day after ischemia

120 min after ischemia 7th day after ischemia

ABR-Vth
MLR-Pa
SEP-N2

SEP-N3

Control (%)

3/9 (33)
0/9 (0)
7/9 (78)
3/9 (33)

Anti-T XA2 (%)

7/8 (88)**
0/8 (0)
8/8 (100)
8/8 (100)***

Control (%) Anti-TXA2 (%)

5/6 (83) 8/8 (100)
1/6 (17) 5/8 (63)*
3/4 (75) 7/8 (88)
3/4 (75) 7/8 (88)

*P < 0.09, **P < 0.05, ***P < 0.01, control vs anti-TXA2'
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results suggests the beneficial effect of anti
TXA2 for the electrophysiological recovery
from post ischemic brain damages. The ori
gins of EPs in this study are considered
to be as followS15 - 18; ABR-Vth = inferior
colliculus, MLR-Pa = acoustic radiation or
acoustic area of cortex, SEP-N2 = thalamus,
SEP-N3 = thalamo-cortical tract. It is well
recognized that the appearance rates of EPs
after ischemia depend upon their origins in
the central nervous system (eNS) where EPs
come from. The lower the appearance rate of
EP, the upper the origin of it 14, suggesting
the more weakness of this area to ischemic
insult. We assumed the reason of the dif
ferences in the effects of anti-TXA 2 on EPs
between the 120 min and 7th day as follows;
Insignificant differences in the ABR-Vth and
the SEP-N3 waves on the 7th day are the
results of the improvement in the control
group. The origins of these waves are rela
tively lower, thus the spontaneous recovery
from damages may contribute to the better
reappearance rates on the 7th day. While,
the MLR-Pa wave did not spontaneously
recovered from damages on the 7th day be
cause of its' higher origin. Thus the differ
ence may become to be significant.

The changes in EEG and EPs are con
sidered to reflect the neurologic outcorne'".
In fact, the survival rate was improved in
the anti-TXA2 group. However, the neuro
logical outcome expressed by NRS was not
improved by anti-TXA2. There has been
some reports showing the discrepancy be
tween improvement of post ischemic cerebral
blood flow and neurologic recovery2,19,20.

From this study we conclude that the
postischemic administration of anti-TXA2
accelerated the recovery of electrophysiolog
ical functions (EEG and EP) of the brain
and the survival rate from 15 min complete
cerebral ischemia in dogs. Anti-TXA2, how
ever, did not show a beneficial effect on the
recovery of NRS.
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