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Absrtact : The purpose of this study was to clarify the effects and mechanisms of midazolam on
changes in contraction of the smooth muscle induced by a voltage dependent Ca®’ channel
stimulator, 50mM KCl, and receptor activated Ca®' channel agonist, serotonin (5-HT), in bovine
middle cerebral arteries.

The isometric tension and intracellular Ca?’ consentration ( [Ca®"]i) were measured
simultaneously by the fura-2 microflucrometric methods, and I tried to deduce from their
relationship the mechanism of midazolam on contraction.

The results obtained were as follows :

(1)KCland 5-HT developed the degree of contraction and [Ca®*]i in a concentration-dependent
manner.

(2) Midazolam depressed the degree of contraction and [Ca®*]1 induced by KCl and 56-HT in a
concentration;dependent manner.

(3) Midazolam had no effect on the tension/[Ca®*] i of KCl and 5-HT.

(4) Midazolam had no effect on transient increase of tension and [Ca®*]i induced by 5-HT and
caffeine in Ca®*-free physiological salt solution (Ca®*-free PSS).

(5) Flumazenil, a specific central-type antagonist of benzodiazepines, and PK-11195, a specific
peripheral-type antagonist of benzodiazepines, had no effect on the depression of tension and
[Ca®*]i by midazolam.

These results suggest the conclusion as follows,

Midazolam does not depress the contraction of bovine middle cerbral arteries iduced by KCl and
5-HT in the manner of inhbition of Ca®* release from sarcoplasmic reticulum and sensitivity of
contractile elements to Ca®* but does in the manner of inhbition of Ca®" influx into smooth muscle
cell from outside. Midazolam may not inhibit the contraction of smooth muscle through the central
nor peripheral benzodiazepine receptors.

Key words ; bovine middle cerebral artery, midazolam, tension, intracellular Ca** concentration,
benzodiazepine receptor
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Fig. 1. Shematic diagram of the experimental apparatus.
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Fig. 2. Representative recordings of increases in
tension and fluorescence ratio ((Ca” ] i)
by KCl or 5-HT and inhibitory effect of
midazolam on these responses.

A : Inhibitory effect of 10 'M midazolam
on tension and fluorescence ratio during
contraction by 50mM KCI.
B : Inhibitory effect of 10 ‘M midazolam
on tension and fluorescence ratio during
contraction 10 "M 5-HT.
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Fig. 3. Representive recordings of increases in
tension and fluorescence ratio ([Ca“ ] i)
by caffeine and the effect of midazolam
on these responses in Ca’ " -free PSS.

A : Increase in tension and fluorescence
ratio induced by 20mM caffeine in Ca“
-free PSS (control).

B : Effect of 10 'M midazolam on tension
and fluorescence ratio during contraction
by 20mM caffeine in Ca® -free PSS.
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Fig. 4. Representive recordings of increases in
tension and fluorescence ratio ([Ca“'] i)
by 5-HT and effect of midazolam on
these responses in Ca” " -free PSS.

A : Increase in tension and fluorescence
ratio induced by 10 'M 5-HT in Ca®’
-free PSS (control).

B : Effect of 10 "M midazolam on tension
and fluorescence ratio during contraction
by 10 °M 5-HT in Ca“ " -free PSS.
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Fig. 5. Representive recordings showing the
effect of midazolam on tension and

fluorescence ratio ((Ca” ] i) development
by 5-HT and effect of flumazenil on
these responses.

A : Effect of 10 "M midazolam on tension
and fluorescence ratio during contraction
by 10 °M 5-HT (control).

B: Effect of treatment with 10 "M flumazenil
on midazolam-induced decrease in tension
and fluorescence ratio during contraction
by 10 °M 5-HT.
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Fig. 6. Representive recordings showing the

effect of midazolam on tension and
fluorescence ratio ((Ca’'] i) development
by 5-HT and effect of PK11195 on these
responses.

A : Effect of 10 'M midazolam on tension
and fluorescence ratio during contraction
by 10 "M 5-HT (control).

B : Effect of treatment with 10 "M PK
11195 on midazolam-induced decrease in
tension and fluorescence ratio during
contraction by 10 °M 5-HT.
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Fig. 8. Inhibitory effect of midazolam on tension and fluorescence ratio ((Ca“ '] i) induced by KCl and 5
-HT.
Midazolam inhibited elevated tension and [Ca’ ] i induced by 50mM KCI (A) and 10 °M 5-HT (B)
in a concentration-dependent manner.
Data are represented as mean = SEM. *p<0.05 compared with control.
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Fig. 9. Effect of midazolam on tension and fluorescence ratio ((Ca’ "] i) induced by caffeine and 5-HT in
the absence of extracellular Ca®*. 10 *M midazolam had no significant effect on the increase in
tension and [Ca” ] i induced by 20mM caffeine (A) and 10 °M 5-HT (B).

Data are represented as mean = SEM.
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Fig. 10. Effect of flumazenil and PK11195 on the decrease in tension and fluorescence ratio ([Ca®'] i)
induced by midazolam. 10 °M Flumazenil and 10 ‘M PK11195 had no significant effect on the
effect of 107 M midazolam on tension and [Ca®'] i during contraction induced by 10 °M 5-HT.

Data are represented as mean = SEM.
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