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Abstract—-Diazepam, a benzodiazepine (BDZ) agonist, produces sedation and [lumazenil, a BDZ antagonist,
blocks these actions. The aim of this study was to examine the effects of BDZs on cortical electroencephalo-
gram (EEG) in rats. The recording electrodes were implanted over the frontal and parietal cortices bilaterally,
and the reference and ground electrodes over cerebellum under ketamine anesthesia. To assess the effects of
diazepam and flumazenil, rats were injected with diazepam (1 mg/kg, i.p.) and/or flumazenil (1 mg/kg, i.p.),
and the EEG was recorded before and after dnigs. Normal awake had theta peak in the spectrum and low
amplitude waves, while normal sleep showed large amplitude of slow waves. The powers of delta, theta and
alpha bands were increased during sleep compared with during awake. Diazepam reduced the mobility of the
rat and induced sleep with intermittent fast spindles and large amplitude of slow activity, and it produced broad
peak over betalL band and increased the power of gamma band, which were different from EEG patterns in nor-
mal sleep. Saline injection awakened rats and abolished fast spindles for a short period about 2-5 min from
EEG pattern during diazepam-induced sleep. Flumazenil blocked both diazepam-induced sleep and decreased
the slow activities of delta, theta, alpha and betal., but not of gamma activity for about 10 min or more. This
study may indicate that decrease in power of betal. and betaH bands can be used as the measure of central
action of benzodiazepines, and that the EEG paramcters of benzodiazepines have (o be measured without con-
trol over the behavioral state by experimenter.
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34 Zvkslvh(Fig. 3A, E).
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Diazepam(]l mg/kg i.p.yg FoIs}L WAl 5 o] 3
e T &3 w=lrl &A18] vl 23 g 7T
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Fig. 1. Representative EEG recorded from the parietal cortex
during various behavioral state. A. Large amplitude slow
activity during nomma) sleep; B. Superimposed large amplitude
slow activity and fast activity (arrow) during diazepam-induced
sleep; C. Theta with fast activity during awake state which was
reversed from diazepam-induced sleep by flumazenil; and D.
Large amplitude slow activity and sleep reappeared 16 min after
flumazenil.
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Fig. 2. One example of array of EEG power spectra recorded at
the parietal cortex during diazepam-induced sleep (A-C). A.
Array of EEG power spectra during diazepam-induced sleep; B.
Saline injection induced a transient period of awakening and the
spectral pattern similar to normal awake, although the spectral
pattern resumed the pattern of diazepam-induced sleep within 5
min. The arrow indicates the appearance of the beta peak. C.
Six min after saline injection. Note the reappearance of the
spectral pattern of diazepam-induced sleep. Another example of
array of EEG power spectra recorded at the parietal cortex
during diazepam-induced sleep in one animal (D-F). D. Array
of EEG power during diazepam-induced sleep; E. Flumazenil
induced the spectral pattern similar to normal awake, which
lasted for more than 10 min; F. Sixteen min after flumazenil
administration. The speciral pattern recovered to that of
diazepam-induced sleep.
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Fig. 3. Comparison of the EEG power spectra averaged over all
animals (cach group was composed of 4 animals) during
between different behavioral states. A, E. Normal awake
(Awake) vs. normal sleep (Sleep): B. F Normal sleep vs.
diazepam-induced sleep (D-Sleep); C, G. Nommal awake vs.
flumazenil awakening from diazepam-induced sleep (DF-
Awake); and D, H. Diazepam-induced sleep vs. [lumazenil
awakening. The significant difference was indicaled with period
(., p<0.05) and asterisk (*, p<0.01).
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+ ARG FAlel o8] ZHe ALyt 28 Ao o
Al FEAHE So3T HAepts e Sl oMt
22 BEHEIvh(Fig. 2A,B,C). Z¥ARt flumazeni] A}
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Fig. 4. Comparison of the EEG power bands in the parietal
cortex (A) and in the frontal cortex (B) averaged over all
animals {each group was composed of 4 animals) during among
different behavioral states: normal awake (Awake), normal sleep
(Sleep), diazepam-induced sleep (D-Sleep), and flumazenil
awakening from diazepam-induced sleep (DF-Awake). The
significant difference when compared with Awake was
indicated with - (p<0.05) and asterisk * (p<0.01) above the col-
ummns. The significant difference between Sleep and D-Sleep
was indicated with plus + (p<0.05) and # (p<0.01). The signi-
ficant difference between D-Sleep and DF-Awake was indicated
with # (p<0.05) and & (p<0.01).
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glod ofr|El A Al wlwsPd e, A}, ods), wiel
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pine EHAY] ¥z} G} oFEe] HF FEE WAL A
AWAE Holua F2AA4A =g 5o opgutd W
E A A, AT, 1 5o ol 84
ol A3 Koopomans 5, 1988; Greenblatt %, 1989;
Breimer, 5, 1990). Z1&8A|qt F5AAA 2L FELS ¥
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