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The effect of dexmedetomidine on
transient focal cerebral ischemia in rats
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Abstract

To examine the possibility that the dexmede-
tomidine-induced cerebral vasoconstriction deterio-
rates ischemic brain damage, we administered dexmede-
tomidine during transient focal cerebral ischemia in rats.
Rats received intravenous infusions of dexmede-
tomidine at 0.1zg-kg ' min~?, and 1xg-kg ' -min~*
during cerebral ischemia induced by the occlusion of
the middle cerebral artery with a nylon suture. Fur-
ther, 5mg-kg~! of yohimbine combined with dex-
medetomidine were also given during the cerebral
ischemia. Cerebral infarction was detected in
rats receiving infusions of dexmedetomidine at
0.1ug-kg™!

infarct volume was significantly larger in rats receiv-
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‘min~! and 1ug-kg ' -min~!. Cerebral
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ing dexmedetomidine infusion at lug-kg~
than that of rats receiving at 0.1ug-kg~!-min
Treatment with yohimbine significantly decreased the
dexmedetomidine-induced infarct volume by 84%.
Therefore, it is suggested that the infusion of high-
dose dexmedetomidine aggravates ischemic brain
damage following focal cerebral ischemia in rats via

the activation of alpha-2 adrenoceptor.
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Introduction

Dexmedetomidine, an alpha-2 adrenergic agonist,
has sedative, anxiolytic, analgesic, and sympatholytic
actions which are thought to be beneficial for the pa-
tients. High doses of dexmedetomidine induces
systemic hypertension by post-synaptic alpha-2 re-
ceptors”. However, there has been no report in
testing whether high doses of dexmedetomidine
which sufficiently stimulate the alpha-2B worsens
ischemic brain damage following focal cerebral ische-
mia. Therefore, we investigated whether high doses
of intravenous infusions of dexmedetomidine cause
cerebral infarction following transient focal cerebral
ischemia in rats.

Methods

Thirty male Sprague-Dawley rats (weighing 350~
450g) were used under an approval of Institutional
Animal Care and Use Committee. All rats were
allowed to have free access to food and water before
surgical intervention. After an intraperitoneal (i.p.)
injection of pentobarbital sodium (50mg-kg™'), a tra-
cheal tube was inserted and rats were mechanically
ventilated with air using a small animal ventila-
tor (SAR-830P, CWE, Ardmore, PA). Endtidal COz
was monitored (Respina 1H31, Sanei, Tokyo, Japan)
and kept between 35 and 40mmHg by adjusting the
ventilation. Brain surface temperature was meas-
ured with a 22-gauge stainless steel needle ther-
mometer (PTW-301, Unique Medical, Tokyo, Japan)
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placed beneath the left temporal muscle and was
maintained constant at normal throughout the ex-
periment by the servomechanism using an overhead
heating lamp. A rectal temperature probe was in-
serted and was maintained at 37°C during the ex-
periment using servo-controlled heating pad. PE-50
catheters were inserted into the both femoral artery
and vein to monitor mean arterial blood pres-
sure (MAP), arterial blood gas, glucose, and to infuse

Anesthesia was maintained by 5mg-kg™!

drugs.
pentobarbital sodium i.p. every 30min and topical
infiltration of 1% lidocaine into the surgical field.
Continuous infusion (0.0lmg - kg ~'-hr ~!) of pan-
curonium was given to maintain immobilization. Rats
were then placed in a stereotaxic U-frame(ST-7,
Narishige, Tokyo, Japan). After an incision of the
scalp, the right parietal bone was drilled thin enough
to see through pial vessels with continuous flushing
with saline to avoid thermal injury. The laser Dop-
pler flow probe was then placed over the right parietal
cortex, and parietal cerebral blood flow (CBF) was
continuously measured using laser Doppler flow-
metry (FLO-N1, Omegawave, Tokyo, Japan) as de-
scribed previously”?. Focal cerebral ischemia was
induced using a suture method originally described by
Longa et al.? Briefly, following a midline ventral
cervical incision and right common carotid artery
exposure, the right external carotid artery and its
branches were ligated then divided. After isolating
the right internal carotid artery, 4~0 monofilament
nylon suture (Ethicon, Somerville, NJ) with its
rounded tips were inserted from mobilized stump of
external carotid artery through internal carotid artery
all the way to the origin of right middle cerebral ar-
tery (MCA) until CBF was decreased by approxi-
mately 70%. After an hour of occlusion of MCA,
reperfusion was performed by pulling buck the nylon
suture, and we confirmed that CBF returned nearly to
pre-occlusion values. It has been reported that
reperfusion window of this model is more than two
hours®, while an hour period was chosen in the pre-
sent study because an hour MCA occlusion and reper-

fusion was found to be enough to cause cerebral in-
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farction with high dose of dexmedetomidine during
the course of preliminary experiments. After 30min
observation from reperfusion, the brains of rats were
rapidly removed and cooled in ice-cold saline for
10min. Using a dissecting matrix (RBM4000C, ASI
instruments, Warren, MI), six 2mm-thick coronal
slices were cut out and immersed in 2% 2,3,5-
triphenyl-tetrazolium-hydrochloride (TTC) (Wako,
Osaka, Japan) at 37°C for 30min and stored in 10%
neutral buffered 10% formalin as described previ-
ously?. Infarct volume was calculated by measuring
the unstained area using digital camera (Cybershot,
Sony, Tokyo, Japan) connected to a computer and an
image analysis software (Adobe photoshop 6.0, Adobe
systems, San Jose, CA), then multiplying the area by
slice thickness(2mm) and summing the volume of
each slice altogether. Thereafter, the slices were
embedded in paraffin and cut into 64m sections and
stained with hematoxylin and eosine (HE) to further
confirm the infarction histologically. Since current
study was focused in the vasoconstrictive effect of
high dose of dexmedetomidine on the focal cerebral
ischemia in early phase, we measured the infarct vol-
ume immediately after the experiment and did not
survive animals any longer.

Experimental protocols

Infusion of each drug was started 30min before
MCA occlusion and continued throughout the experi-
ments unless noted. Control (pre-occlusion) values
were taken just before the MCA occlusion. Rats
were assigned into one of four following groups. In
the first three groups, experiments were performed
to examine the dose dependent effect of dexmede-
tomidine on focal ischemia. Group 1 rats(n=8) re-
ceived intravenous infusion of vehicle (saline) alone.
Rats in group 2 (n=8), group 3 (n=8) received intra-
venous infusion of dexmedetomidine (Abott, North
Chicago, IL) at 0.1zg kg *-min~, and 1zg-kg ' min~*
respectively. Rats in group 4 (n=6) received i.p.
5mg-kg™! of yohimbine (Sigma, St. Louis, MO), an
alpha-2 adrenoceptor antagonist, 30min prior to cere-
bral ischemia in addition to infusion of dexmede-
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tomidine at lug-kg ! min~! Results were ex-
pressed mean®=SD. For statistics, analysis of vari-
ance (ANOVA) with Student-Newman-Keuls test or
Chi analysis was used. A p<0.05 was considered

significant.
Results

Control (pre-occlusion) values of MAP, heart rate,
blood glucose are presented in Table 1. Compared
with vehicle (saline) -treated rats, the control value of
MAP was significantly higher in rats receiving dex-

medetomidine at 1xg-kg ™'+ min~™.

The control value
of heart rate was significantly lower in rats receiving
dexmedetomidine at 1uxg-kg ' min™' and those re-
ceiving yohimbine combined with an infusion of dex-
medetomidine at 1ug-kg !-min~! when compared
with vehicle-treated rats. The control value of blood

glucose was significantly higher in rats receiving an

infusion of dexmedetomidine at 1xg-kg ' min~.

CBF normalized by
occlusion) value as 100% in rats from groups 1 to

taking the control(pre-

4 (study for dose-dependency) are shown in Fig. 1.
During focal cerebral ischemia, CBF decreased in a
similar degree (approximately 40% of control
value) in these four groups of rats. At the reper-
fusion period, rats receiving dexmedetomidine at
0.1ug- kg '-min~'(group 2) showed slightly but
significantly higher CBF compared to vehicle-treated
rats. As shown in Fig. 2, in both the ischemic and the
reperfusion periods, MAP remained significantly higher
in rats receiving dexmedetomidine at 1zg-kg™!-min*
(group 3) compared to rats receiving lower doses of
dexmedetomidine or rats receiving vehicle alone. In
rats receiving yohimbine combined with dexmede-
tomidine at 1ug-kg '-min~!, MAP was not different

from that of vehicle-treated rats.

Table 1 Control (pre-occlusion) values of mean arterial blood pressure, heart rate, and blood glucose

Groupl Group2 Group3 Group4
n=8 n==8 n=8 n=6
(vehicle) (0.1upg-kg '+min™!) (lug-kg 'min~ 1) (+YOH)
MAP (mmHg) 107+17 10120 148+17* 10817
HR (beats-min~!) 40338 36045 315+28** 279E45%*
BG (mg-dl™%) 105+17 131+16* 161 +15** 135+16*

Data are expressed as mean=+SD.

* p<0.05 vs. vehicle-treated rats (Groupl).

** p< (.01 vs. vehicle-treated rats (Groupl) .

MAP=mean arterial blood pressure; HR=heart rate; BG=blood glucose; YOH=yohimbine.
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Figure 1 Cerebral blood flow measured by laser Doppler flowmetry at control, during ischemia, and

reperfusion.

During ischemia, cerebral blood flow was decreased in a similar degree in rats receiving an infusion of vehi-
cle, dexmedetomidine at 0.1, and 1ug-kg *-min~?, and yohimbine plus an infusion of dexmedetomidine at

1ug-kg ' min~

* p<0.05 vs. vehicle-treated rats;

** p<0.01 vs. vehicle-treated rats.

CBF=cerebral blood flow; DEX =dexmedetomidine; IP=intraperitoneal injection.
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Figure 2 Mean arterial blood pressure at control, during ischemia, and reperfusion.
Mean arterial blood pressure was significantly higher in rats receiving an infusion of dexmedetomidine at
1ug-kg '-min~! compared to vehicle-treated rats throughout the experimental period.

** p<0.01 vs. vehicle-treated rats.

MAP=mean arterial blood pressure; DEX=dexmedetomidine; IP=intraperitoneal injection.
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Figure 3 Infarct volumes in rats receiving an infusion of dexmedetomidine at 1ug-kg™'-min~

DEX 0.1pg-kg !-min! Yohimbine IP+DEX 1 pg-kg !-min"’

1
’

0.1ug-kg ' -min~', and 1ug-kg !-min~! combined with yohimbine.
Infarct volume was significantly reduced in rats receiving dexmedetomidine at 1xg-kg™*+min~" combined with

yohimbine.

*## p< (.01 compared with rats receiving an infusion of dexmedetomidine at 1ug-kg™'*min~"

DEX=dexmedetomidine; IP=intraperitoneal injection.

Cerebral infarction was detected in three groups of
rats. Those were rats receiving an infusion of dex-
medetomidine at 0.1xg-kg™'-min~!(group 2), rats
treated with yohimbine plus an infusion of dexmede-
tomidine at 1g-kg™*-min~*(group 4), and rats receiv-
ing infusion of dexmedetomidine at 1ug-kg™'+min~!
(group 3).
rats receiving vehicle.

No cerebral infarction was detected in
As presented in Fig. 3,
cerebral infarct volume was significantly higher in
rats receiving an infusion of dexmedetomidine at
1ug-kg'-min~* compared to that from rats receiving
at 0.1ug-kg ' min~! of dexmedetomidine. Also, as

shown in the Fig. 3, treatment of yohimbine com-

1

bined with dexmedetomidine significantly reduced
cerebral infarct volume by 84% compared to that of
rats receiving an infusion of dexmedetomidine at

1ug-kg™'-min~%. Subsequent histological examina-
tion of each brain slice with HE staining revealed the

occurrence of the ischemic changes in neurons.
Discussion

Alpha-2 adrenoceptors have an important role in

regulating the cardiovascular system®.

An intrave-
nous bolus administration of dexmedetomidine, a
highly selective alpha-2 agonist, has been shown to

produce initial hypertension via the activation of pe-
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ripheral alpha-2B adrenoceptors including those in
cerebral vessels"®. Based on previous studies both

78 this dexmedetomidine-

in animals and humans
induced vasoconstrictive action is thought to become
dominant when administrating the drug in a rapid
manner or in a high dose. Consistent with these
previous reports, during infusion of dexmedetomidine

1, mean arterial blood pres-

at a rate of 1ug-kg™'-min~
sure was significantly elevated in the present study,
indicating the vasoconstriction of peripheral resis-
tance arteries. In these conditions, cerebral infarc-
tion was observed in our rats. Therefore, it is sug-
gested that the activation of alpha-2B receptors in
cerebral vasculature plays an important role in aug-
menting cerebral infarction. Our results that yo-
himbine reduced the infarct volume further supports
the involvement of alpha-2 adrenoceptors to the dex-
medetomidine-induced cerebral infarction.

The neuroprotective effects of dexmedetomidine
following incomplete ischemia”, convulsion'® and
focal cerebral ischemia'® have been reported. Sup-
pression of the sympathetic nervous system which
reduces norepinephrine release in ischemic brain is
thought to be one of the protective mechanisms of
dexmedetomidine in these studies. Our results are
different from these previous studies. Focal ische-
mia (present study) vs. incomplete ischemia (unilat-
eral carotid ligation plus hemorrhagic hypotension),
or route of administration (intravenous infusion vs.
intraperitoneal injection) could explain the difference.

Since the present study was conducted to examine
the acute cerebral vasoconstrictive effect of dexmede-
tomidine on focal ischemic brain, we did not survive
animals for days. However, a recent study indicates
that dexmedetomidine exerts neuroprotective effect
by modulating apoptosis?. Clearly, future studies
focused on the effects of dexmedetomidine on delayed
neuronal death or apoptosis will be needed.

Although we have shown that the high dose of
dexmedetomidine causes cerebral infarction, several
factors may interfere with our results and interpreta-
tion. First, it is possible that high-dose of dexmede-
tomidine-induced hyperglycemia exacerbates brain

injury after cerebral ischemia. However, the level of
blood glucose in our rats is lower than that of affecting
cerebral infarct volume'®. In addition, in a prelimi-
nary study, we infused glucose to elevate blood glu-
cose levels near the highest range of which obtained
by dexmedetomidine infusion and no cerebral infarc-
tion was observed (data not shown), suggesting the
relative small impact of dexmedetomidine-induced
hyperglycemia on infarct volume in the present study.
Second, the effects of basal anesthetics should be
considered. We used pentobarbital and infiltration of
local anesthetics for the maintenance of anesthesia
because pentobarbital has been reported to have no
effect on cerebral vessels'¥. We avoided using ure-
thane and xylazine both of which are alpha-2 adreno-
ceptor agonists considering the possible confounding
effect with dexmedetomidine. Clinically, it is sug-
gested that a high-dose dexmedetomidine should be
avoided in patients with decreased cerebral blood flow
such as cerebral vasospasm after subarachnoid hem-
orrhage.

In summary, high doses of intravenous infusion of
dexmedetomidine augments cerebral infarction fol-
lowing focal cerebral ischemia in rats by stimulation of
alpha-2 adrenoceptors.
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