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Abstract A novel short-acting benzodiazepine receptor
agonist, JM-1232(—), has been shown to have a sedative/
hypnotic effect and wide safety margin. However, its effect
on cerebral vessels is not well known. Therefore, we inves-
tigated the cerebrovascular reactivity to topical and intrave-
nous JM-1232(—) and during hypotension or hypercapnia
with intravenous administration of JM-1232(—). We used a
closed cranial window preparation to measure the changes
of cerebral pial arteriolar diameters in isoflurane-anesthe-
tized Sprague—Dawley rats. We first measured the direct
effect of topical JM-1232(—). We then determined the
effect of intravenous JM-1232(—) and then we measured
the response to hypercapnia before and after JM-1232(-)
infusion. Finally, we measured the reaction to stepwise
induction of hypotension before and after JM-1232(—)
infusion. Topical infusion of JM-1232(—) dilated pial arte-
rioles. Intravenous infusion of JM-1232(—) changed pial
arterioles by 4.5 £ 2.7 %, 5.0 £ 3.9 %, and —2.8 £ 2.6 %
(at 0.1, 0.3, and 1.0 mg/kg/min, respectively). Hypercapnia
dilated pial arterioles before and after JM-1232(—) infu-
sion. The diameters of pial arterioles did not change during
hypotension before or after intravenous JM-1232(—) infu-
sion. These results indicate that topical JM-1232(—) has a
dilative effect on pial arterioles and that intravenous admin-
istration of JM-1232(—) may not affect cerebrovascular
reactivity to hypotension or hypercapnia.

P4 Hiroki lida
iida@gifu-u.ac.jp

Department of Anesthesiology and Pain Medicine, Gifu
University Graduate School of Medicine, 1-1 Yanagido,
Gifu-City, Gifu 501-1194, Japan

Division of Internal Medicine and Cardiology, Gifu
Prefectural General Medical Center, Gifu, Japan

@ Springer

Keywords JM-1232(—) - Cerebrovascular reactivity -
Cranial window

JM-1232(—) is a novel isoindoline water-soluble benzo-
diazepine receptor agonist, which induces a sedative/hyp-
notic effect [1]. It has recently been used for human treat-
ment [2], but only a few reports regarding its effect on
human vessels are available. For example, JM-1232(—) has
been reported to have dilative potential for the human gas-
troepiploic artery [3], but its effect on cerebral pial arteri-
oles has not yet been investigated. It is also uncertain as to
whether JM-1232(—) is safe for the sedation of severely ill
patients with neurosurgical disorders because its effect on
the cerebral vascular response to hypercapnia or systemic
hypotension is not known. Thus, we used a closed cranial
window method to investigate the JM-1232(—) modulation
of pial arteriolar responses to physiological changes in rats.

We studied 18 male Sprague-Dawley rats weighing
300-400 g. The experimental protocols were approved by
the Institutional Committee for Animal Care of Gifu Uni-
versity Graduate School of Medicine. All animals were
anesthetized with intraperitoneal sodium pentobarbital
(50 mg/kg). They were mechanically ventilated through a
tracheotomy using a ventilator (Model 683, Harvard Appa-
ratus, Holliston, MA) with room air supplemented with
oxygen. The respiratory rate was set at 60/min, and tidal
volume was adjusted to maintain the PaCO, between 35
and 40 mmHg. The inspired oxygen fraction was main-
tained at approximately 0.4. Anesthesia was maintained
with isoflurane (end-tidal concentration 1-1.2 %). A fem-
oral artery was cannulated to measure the mean arterial
blood pressure (MABP), withdraw or re-infuse blood (to
induce systemic hypotension), and analyze arterial blood
gas tensions and pH. A femoral vein was cannulated for
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experimental drug administration. Rectal temperature was
maintained between 37 and 38 °C using a heating pad. A
closed cranial window preparation was used for obser-
vation of the pial vessels, as described previously [4].
The window was filled with artificial cerebrospinal fluid
(aCSF; as previously described) [4]. The window had
three catheters: the first catheter was attached to a reser-
voir bottle containing aCSF to maintain constant intrac-
ranial pressure and wash out the experimental drugs with
aCSF, the second was used to drain the fluid from the
window, and the third was used to administer experimen-
tal drugs. The temperature within the window was moni-
tored using a thermometer (Model 6510; Mallincrodt
Medical; St. Louis, MO, USA) and maintained between 37
and 38 °C. The pial views obtained in these experiments
were stored on videotape (with a time record). In each rat,
the diameters of three pial arterioles (baseline diameters,
32-110 pwm) were measured using a videomicrometer
(Model VM-50 N, Olympus, Tokyo, Japan) on a television
monitor that received signals from a microscope (M165C,
Leica Microsystems, Wetzlar, Germany). The vessels that
were to be used to collect data were always selected at
the beginning of the experimental period. In each rat, the
responses of the three arterioles were averaged, and these
averaged responses were used to obtain group means. In
experiment 1, the direct effect of JM-1232(—) on pial arte-
rioles (topical administration) was studied (n = 6 rats).
Each concentration of JM-1232(—) (10’8 M, 10°° M,
and 10~ M) was administered through the window, and
pial arteriolar diameters were measured before and after
the test drug administration. Topical JM-1232(—) was
administered at 0.2 ml/min for 5 min. Thus, the volume
of drug of each concentration was 1 ml, respectively. We
measured the pial arteriolar diameter around 4 min after
the start of infusion, similar to a previous study [5]. Each
drug dose was administered after a 20-min wash-out
period with aCSF. In experiment 2, the dose—response to
JM-1232(—) and its influence on the hypercapnic response
were investigated (n = 6 rats). Under control conditions,
without JM-1232(—), hypercapnia was induced by lower-
ing the respiratory rate until the end-tidal CO, partial pres-
sure increased to approximately 60 mmHg. Hypercapnia
was maintained for 5 min and then pial arteriolar diam-
eters were measured. The diameters (after hypercapnia)
were compared to the baseline diameter (before hyper-
capnia) of the same arterioles. After confirming the base-
line response to hypercapnia, JM-1232(—) was infused
intravenously at three incremental rates (first, 0.1 mg/kg/
min; next, 0.3 mg/kg/min; and finally, 1.0 mg/kg/min;
each for 20 min). The dose-response of the pial arterioles
to intravenous JM-1232(—) was examined by compar-
ing the post-treatment diameters to those before intrave-
nous administration. The influence of JM-1232(—) on the

hypercapnic response was examined by measuring pial
arteriolar diameters 20 min after beginning the infusion of
IM-1232(—) at 1.0 mg/kg/min (before hypercapnia) and
5 min after hypercapnia induction, which was performed
as described above. In experiment 3 (n = 6 rats), stepwise
hypotension was achieved by withdrawing arterial blood
every 2 min (1 ml each) until the blood pressure decreased
to 50 % of the control. The blood was subsequently re-
infused every 2 min (1 ml each). Pial arteriolar diameters
were measured before and after the stepwise hypoten-
sion, followed by intravenous infusion of 1.0 mg/kg/min
JM-1232(—). Twenty minutes after beginning the infusion,
stepwise hypotension and pial arteriolar diameter meas-
urements were performed in the above-mentioned man-
ner. Changes in all variables were examined by a one-way
analysis of variance (ANOVA) for repeated measurements
with a Bonferroni correction for post hoc comparison. The
dose-dependent effect of JM-1232(—) was examined by
a one-way ANOVA with a Bonferroni correction for post
hoc comparison. The effect of presence of JM-1232(—)
was examined by the paired ¢ test. Significance was set at
p < 0.05. All values are presented as mean =+ SD.

In experiment 1, topical JM-1232(—) administered at
1078, 107%, and 10™* M dilated pial arteriolar diameter
by 3.6 £ 1.6, 8.7 £ 1.9, and 9.9 + 4.3 %, respectively
(Fig. 1a). In experiment 2, intravenous infusion of 1.0 mg/
kg/min JM-1232(—) strongly lowered the MABP, but did
not increase the heart rate. Intravenous infusion of 0.1 and
0.3 mg/kg/min JM-1232(—) dilated the pial arteriolar diam-
eterby 4.5 +2.7 % (p =0.01) and 5.0 £ 3.9 % (p = 0.03),
respectively, compared to the pre-infusion state. Intrave-
nous infusion of 1.0 mg/kg/min of JM-1232(—) changed
pial arteriolar diameter by —2.8 £ 2.6 % (p = 0.35) com-
pared to the pre-infusion state (Fig. 1b). Under the control
condition, hypercapnia dilated pial arteriolar diameter by
8.1 = 1.3 % compared to normocapnia (p < 0.001). Under
the JM-1232(—)-infused condition, although the MABP
decreased from 116 to 72 mmHg, hypercapnia dilated
pial arteriolar diameter by only 8.1 £ 1.9 % compared to
normocapnia, which was not significantly different from
the control condition response (Fig. 1c). In experiment 3,
under control conditions, systemic hypotension, which was
induced by withdrawing blood, changed the pial arteriolar
diameter by 0.4 £ 3.5 %. Intravenous infusion of 1.0 mg/
kg/min JM-1232(—) decreased the MABP from 110 to
59 mmHg. Pial arteriolar diameter was slightly changed (by
—2.4 + 7.2 %) after IM-1232(—) infusion (pre-blood with-
drawal). After intravenous infusion of JM-1232(—), further
induction of systemic hypotension by blood withdrawal
(the MABP decreased further from 59 to 33 mmHg) dilated
pial arteriolar diameter by 1.7 &= 10.8 %. This response did
not significantly differ from that observed under the control
conditions (Fig. 1d).
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Fig. 1 Topical infusion of JM-1232(—) (107%, 107, and 10~* M)
induced vasodilation of pial arterioles (3.6 £ 1.6, 8.7 £ 1.9, and
9.9 + 4.3 %, respectively) (a). Intravenous infusion of JM-1232(—)
dilated pial arteriolar diameter by 4.5 £ 2.7 and 5.0 £ 3.9 % at
0.1 and 0.3 mg/kg/min, respectively, but the dilative response
was not observed at 1.0 mg/kg/min (b). Under the control condi-
tions, hypercapnia dilated pial arteriolar diameter by 8.1 £ 1.3 %.

Hemodynamic and physiological measurements for each
experiment are shown in Table 1. Intra-window and rectal
temperature were kept under slightly mild hypothermia.

The following were the major findings in the present
study: (1) topical JM-1232(—) has a dilative effect on pial
arterioles, (2) intravenous infusion of 0.1 and 0.3 mg/kg/
min JM-1232(—) has a slight dilative effect on pial arte-
rioles, and (3) intravenous infusion of 1.0 mg/kg/min
JM-1232(—) does not affect pial arteriolar response during
hypercapnia or systemic hypotension.

In a previous study that used a human gastroepiploic
artery graft, JM-1232(—) demonstrated a dose-dependent
dilative potential [3]. In the present study, intravenous
infusion of 0.1 and 0.3 mg/kg/min and topical infusion
of JM-1232(—) in rats had dilative effects on pial arteri-
oles (by 4.5-9.9 %) in vivo under isoflurane anesthesia.
However, infusion of 1.0 mg/kg/min JM-1232(—) did
not dilate pial arterioles. To our knowledge, the effect
of JM-1232(—) on cerebral metabolic flow coupling has
not yet been defined. Although the precise mechanism of
lack of vasodilation is unclear, it may be due to a reduced
cerebral metabolic rate and/or systemic hypotension
induced by higher doses of JM-1232(—). Other sedative
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Under JM-1232(—)-infused conditions, a hypercapnic response of
8.1 &£ 1.9 % was observed (c). Under the control conditions, systemic
hypotension induced pial arteriolar diameter change by 0.4 £ 3.5 %.
Under JM-1232(—)-infused conditions, systemic hypotension
induced a pial arteriolar change by 1.7 & 10.8 % (d). N.S. not signifi-
cant, * p <0.05

agents such as midazolam, propofol, and thiopental have
different effects on pial arterioles. Although intravenous
administration of midazolam does not affect pial arteri-
olar diameter in cats [6], topical propofol at 10~* M has a
dilative effect on pial arterioles by 5.9 % in rabbits [7]. In
addition, thiopental has no dilative or constrictive effect
on rat aortic rings [8]. On the other hand, volatile anes-
thetics, such as 1 minimum alveolar concentration iso-
flurane and sevoflurane, have dilative effects on pial arte-
rioles (by 19 and 14 %, respectively) in dogs [9]. In the
present study, JM-1232(—) was used with basal isoflurane
anesthesia. Thus, the results were not compared directly
to other anesthetics. However, it is clear that JM-1232(—)
has some vasodilative potential in the range of a certain
concentration.

Although intravenous infusion of 1.0 mg/kg/min
JM-1232(—) decreased MABP to 50 % of the control,
JM-1232(—) added to isoflurane did not affect pial arteri-
olar diameters. Furthermore, under background anesthesia
of isoflurane, JM-1232(—) did not affect the pial arteriolar
dilative response to hypercapnia. Both midazolam [10, 11]
and propofol [11, 12] were shown to maintain cerebral
CO, response. With regard to its response to hypercapnia,
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Table 1 Hemodynamic and physiological measurements during experiments
HR (bpm) MABP (mmHg) pH PaCO, (mmHg) PaO, (mmHg) RT (°C) WT (°C)
Experiment 1 (n = 6)
Pre IM-1232(—) 1078 M 372+ 18 112+9 7.42 +£0.01 36.1 £1.2 219 + 46 36.5+£0.7 364+£1.1
Post JM-1232(—) 1078 M 375+ 18 111+9
Pre IM-1232(—) 107 M 384 £ 11 112+ 8 7.41 £0.01 373+ 14 213 +48 37.0£0.7 363 +£0.8
Post JM-1232(—) 107°M 386 + 12 113+ 8
Pre IM-1232(—) 1074 M 395+ 19 113+ 10 7.41 £0.01 37.8 £ 1.7 205 +£ 51 37.0£ 0.7 36.6+£0.8
Post JM-1232(—) 107 M 396 + 23 113+ 11
Experiment 2 (n = 6)
Pre IM-1232(—) infusion 384 £ 58 123 + 10 7.41 £0.02 37227 187 + 44 372£0.6 364+03
0.1 mg/kg/min. IM-1232(—) 376 £ 56 116 + 14 7.41 £0.03 36.2£1.5 182 £+ 44 373£0.6 36.7£04
0.3 mg/kg/min. IM-1232(—) 404 £ 70 103+ 11 7.41 £ 0.03 355+ 1.6 179 £ 45 372£0.6 362+04
1.0 mg/kg/min. IM-1232(—) 393 £70 724+ 17% 7.39 £ 0.03 36.1 £2.2 177 + 44 37.0£ 04 36.7+£0.2
Pre hypercapnia, control 387 +£ 80 116 £ 11 7.40 £ 0.03 373 £09 199 + 37 369 £0.7 36.1£0.6
Post hypercapnia, control 377 +£70 119+ 11 723 £0.01* 634 £4.3*% 156 + 48* 372+£0.5 364 +£0.7
Pre hypercapnia, JIM-1232(—) 393 £70 72 £ 17+ 7.39+£0.03"  36.1 £2.27 177 + 44 37.0 £ 04 36.7+£0.2
Post hypercapnia, IM-1232(—) 393 £+ 78 68 & 14T 7.20 4 0.02%* 3.3 4 4.7%* 146 4 52+* 372£05 369+£05
Experiment 3 (n = 6)
Pre hypotension, control 375 +£24 110+ 5 7.41 £0.03 37.0£ 1.5 200 + 43 372£0.6 36.7=£0.6
Post hypotension, control 325 +£35 47 £+ 6* 7.42 £ 0.01 343+28 211 £35
Pre hypotension, IM-1232(—) 344 £ 50 59 4 7+F 7.39 £ 0.02 36.7 £3.1 196 + 37 36.6 £0.8 36604
Post hypotension, IM-1232(—) 290 «+ 22+% 33 4+ 1* 7.41 £0.02 332 +£48 193 + 45

Values are presented as mean + SD

HR heart rate, MABP mean arterial blood pressure, RT rectal temperature, WT intra-window temperature

* P <0.05 vs. pre hypercapnia, control or pre hypotension, control

T P < 0.05 vs. post hypercapnia, control or post hypotension, control

# P <0.05 vs. pre hypercapnia, JM-1232(—) or pre hypotension, JM-1232(—)

¥ P <0.05 vs. other three groups

JM-1232(—) has characteristics that are similar to mida-
zolam and propofol.

In the present study, basal anesthesia by isoflurane was
needed for stable experiment. Because the basal anesthetic
state with isoflurane might affect the tone of cerebral arte-
rioles, we cannot exclude the possibility that the effects we
observed on pial arteriolar tone after JM-1232(—) adminis-
tration could be modulated, at least in part, by the presence
of isoflurane.

Because JM-1232(—) has cerebrovascular dilative effect,
which is not so different from propofol, and little effect on
hypercapnic response, it could be safely used for sedating
or anesthetizing severely ill patients, including those with
intracranial disorder.
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