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WADA, T. AND N. FUKUDA. Effect of a new anxiolytic, DN-2327, on learning and memory in rats. PHARMACOL
BIOCHEM BEHAYV 41(3) 573-579, 1992.—The effects of a new anxiolytic, (2-(7-chloro-1,8-naphthyridin-2-yl)-3-[(1,4-
dioxa-8-azaspiro[4.5]dec-8-yl)-carbonylmethyl] isoindolin-1-one {DN-2327), on the execution of step-through passive avoid-
ance and delayed spontaneous alternation tasks were assessed and compared with those of diazepam (DZP) and buspirone.
DN-2327 and buspirone (both 10 and 20 mg/kg, PO) impaired performance in the 48-h passive avoidance recall test when
given prior to the test session, but not when given before the training trial. DZP impaired the performance at doses of more
than 5 and more than 10 mg/kg PO when given prior to the test session and when given before the training trial, respectively.
The action of DZP (10 mg/kg, PO) when given before the training trial was antagonized by flumazenil (20 mg/kg, IP) and
tended to be antagonized by DN-2327 (10 and 30 mg/kg, PO), but was not affected by buspirone. No evidence for possible
amnesic effects of DN-2327 or buspirone on working memory was found in the delayed spontaneous alternation task, but
DZP (3 and 10 mg/kg, PO) caused significant impairment of working memory. Electroshock sensitivities detected by flinch,
jump, and vocalization thresholds were not influenced significantly by DN-2327 (30 and 100 mg/kg, PO), DZP (10 and 30
mg/kg, PO) or buspirone (30 and 100 mg/kg, PO). These results suggest that although DN-2327 and buspirone have amnesic
effects in tasks that involve anxiety they do not impair acquisition or working memory, both of which are impaired by DZP,
and that DN-2327 tends to act as an antagonist on the acquisition impairment caused by DZP in the passive avoidance task.
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THE benzodiazepines (BZDs), represented by diazepam, are
the class of drugs most frequently as pharmacotherapeutics
for anxiety-related disorders. Certain behavioral effects of
these medications, however, may cause problems in some pa-
tients; high doses of BZDs generally cause drowsiness and
impair psychomotor performance tasks when initially admin-
istered and potentiate the behavior-impairing effects of other
CNS depressants such as alcohol (22,27). Moreover, BZD
medications may impair memory function by causing short-
term anterograde amnesia (6,12,16,18,31). Such an effect may
be considered desirable when these drugs are used in anesthe-
sia, and probably does not represent an important side effect
for their use as sleep inducers, unless there are residual effects
following a night of drug-induced sleep. However, this effect
of BZDs might be considered undesirable if they are pre-
scribed for alleviating daytime anxiety.

The memory impairment caused by BZDs is potentially
troublesome for two reasons: first, patients are pharmacologi-
cally more sensitive to this effect than other behavioral side
effects (5); second, complete tolerance to the memory-im-

pairing effect of BZDs does not develop with repeated admin-
istration (19,21).

Animal experiments have also shown that BZDs can inter-
fere with learning and memory in passive avoidance tasks
(3,34), radial maze performance (14), and the Morris water
task (24). Since memory impairment is caused at almost the
same dose as the anxiolytic effects of BZDs (5), it is also
thought that these amnesic and anxiolytic effects may be non-
duplicate effects in the same dimension.

On the other hand, it has been suggested that the 5-hydrox-
ytryptamine (5-HT) receptor 5-HT,, partial agonist, buspir-
one, may cause less impairment of behavioral performance
than equivalent doses of diazepam but with the same anxio-
Iytic action (2,17). In addition, performance impairment
caused by alcohol is potentiated by diazepam but not by
buspirone (22,27), and buspirone has been reported not to
impair memory function in subjects with generalized anxiety
disorder (20). It has therefore been suggested that the anxio-
Iytic effect may be separated from the memory-impairing ef-
fect.

! Requests for reprints should be addressed to T. Wada, Biology Research Laboratories, Research and Development Division, Takeda
Chemical Industries Ltd., 17-85, Jusohonmachi 2-chome, Yodogawa-ku, Osaka 532, Japan.
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(2-(7-chloro-1,8-naphthyridin-2-yl)-3-[ (1,4 -dioxa-8-aza-
spiro [4.5]dec-8-yl)-carbonylmethyl] isoindolin-1-one (DN-
2327), a novel isoindoline derivative, produces anticonflict,
taming, and anticonvulsive effects when administered orally
to several species of animals (39), but produces few of the
sedative-hypnotic and muscle-relaxant effects observed with
diazepam. DN-2327 shows potent displacement activity
against [’H]diazepam binding. The binding affinity of DN-
2327 for BZD receptors is not enhanced in the presence of
GABA. Furthermore, behavioral assessment has shown that
DN-2327 differentially influences BZD receptors: It acts as an
agonist on the anticonflict and anticonvulsive effects but as
an antagonist on the muscle-relaxant and sedative effects of
diazepam, that is, DN-2327 possesses mixed agonist/antago-
nist properties (38). For compounds to be used to alleviate
daytime anxiety, it is important to determine whether or not
they cause any memory impairments. The present experiment
focused on the effect of DN-2327 on learning and memory in
comparison with diazepam and buspirone.

Up to now, most previous studies concerning the effects of
anxiolytics on learning and memory in animals have employed
tests related to not only learning and memory but also anxiety.
For example, Rowan et al. (33) recently reported that buspir-
one induced an impairment of spatial learning in the Morris
water maze using rats. However, as there is a possibility that
buspirone could have reduced the aversion to the stimulus,
soaking in the water, it seems difficult to definitely conclude
that buspirone caused learning impairment.

In the present study, we subjected rats to passive avoidance
and delayed spontaneous alternation tasks to assess the effects
of anxiolytics on learning and memory. Although an electrical
aversive stimulus was used for the passive avoidance task, the
effects of anxiolytics on the acquisition process were examined
separately from the effects on the recall process, and consider-
ing that these anxiolytics may generally reduce sensitivity to
aversive stimuli the test trial was done 48 h after the acquisi-
tion trial, rather than 24 h after, to allow clearance of the
drugs. The effects on working memory were examined using a
delayed spontaneous alternation task, without any aversive
stimuli, with a food reward.

METHOD

Passive Avoidance Learning

Animals. Male rats (Jcl: Wistar, 210-261 g, 8 wk old,
n = 12-18 in each group) were used in all experiments. They
were housed individually from the acquisition trial to the re-
call test (2 days) and allowed free access to food and water.
They were kept in an air-conditioned room with controlled
temperature (23-25°C), humidity (50-60%), and lighting
(lights on from 0730-1930).

Apparatus. Rats were trained in a conventional step-
through-type passive avoidance training box divided into two
compartments (an illuminated side measuring 12 x 12 x 28
cm and a dark side measuring 12 % 31 x 28 cm) by a sliding
door with an opening (12 X 9 ¢cm) 3 cm above the floor. The
safe compartment had a flat floor and was illuminated by a
15-W fluorescent lamp located 1 cm outside a transparent
wall. The dark compartment, painted black, had a grid floor
made of 2-mm wide stainless steel rods, spaced 1.1 cm apart,
used to give a foot-shock that was delivered by means of
a scrambled DC constant-current shock generator (SEIKO
DENKI, ES2010). The experimental room was kept as dark
as possible, and masking white noise was generated through-
out the experiment.
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Procedure

Effects on the acquisition process. The experimental proce-
dure used was similar to that described by Yamazaki et al.
(40). Rats were trained in a one-trial passive avoidance task.
In the habituation trial, 5 s after the animal had been placed
in the safe compartment the door was opened and the time
(latency) elapsed before the animal stepped through the door
into the dark compartment was measured. When all four paws
were on the floor in the dark compartment, the door was
closed; rats were removed from the dark compartment 5 s
later and then drugs were administered orally. An acquisition
trial was carried out 30-60 min later in the same way except
that an inescapable foot-shock (2 mA, 3 s) was delivered when
the rat entered the dark compartment.

In the test trial 48 h after the acquisition trial when presum-
ably no drug remains in the body, the rat was again placed in
the safe compartment and the latency for the animal to enter
the dark compartment was measured. Animals that did not
enter the dark compartment within 300 s were assigned a ceil-
ing score of 300 s.

Effects on the recall process. Drugs were not administered
before the acquisition trial but 1 h before the recall test. The
other procedures were the same as above.

Determination of Nociceptive Threshold

Animals. Male rats (Jcl: Wistar, 241-267 g and 8 wk old,
n = 8-9 in each group) were used in all experiments. They
were housed in groups of five and allowed free access to food
and water. The environmental conditions and light/dark cycle
were the same as mentioned above.

Apparatus. The test chamber (30 X 30 x 30 cm) was
made of vinyl chloride and equipped with a grid floor of
stainless steel that was connected to a scrambled electric shock
generator (Grason-Stadler, GSC-700) modified to supply an
output current below 0.1 mA. Note that this electric shock
generator is different from that used in passive avoidance
task.

Procedure. Each rat was placed in the test chamber and
given a 1-min period for habituation before application of a
shock. A series of inescapable shocks was then delivered to
the grid floor. Each series consisted of 11 stimulations at the
following shock intensities (mA): 0.1, 0.13, 0.16, 0.2, 0.25,
0.3, 0.4, 0.5, 0.6, 0.8, and 1.0. Shocks were presented in as-
cending order for 1 s at 10-s intervals. A “flinch” was defined
as a form of startle behavior in which the animal’s paws did
not leave the floor and a “jump” as removal of three or more
paws from the grid floor. The shock intensity at which rats
exhibited each response was measured and considered the
threshold.

Delayed Spontaneous Alternation Task

Animals. Male rats (Jcl: Wistar, 8 wk old, n = 30) were
trained and finally 18 rats, which showed more than an 80%
correct response in three consecutive sessions, were used for
the test. They were housed individually and partially deprived
of food so as to maintain their body weight between 260 and
310 g. Water was constantly available in the home cage. The
environmental conditions and light/dark cycle were the same
as mentioned above.

Apparatus. The apparatus was a gray T-maze made of vi-
nyl chloride with 12-cm high and 12-cm wide alleys with a
clear acrylic resin top. The starting box, the runway, and each
arm of the maze were 12, 44, and 50 cm long, respectively.
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FIG. 1. Effects of DN-2327, DZP, and buspirone on 48-h recall of a step-through passive
avoidance task when administered orally to rats (# = 12-18) 60 min prior to the training
(acquisition) trial. Values are expressed as median step-through latency (s). *p < 0.05,
**p < 0.01, vs. saline (S) control (Mann-Whitney U-test).

The floor of the maze was a grid of 2-mm stainless steel rods
spaced 1 cm apart. A food cup, 5 mm deep and 1 cm in
diameter, was placed 3 cm above the floor in the middle at
the end of each arm. A gray guillotine door was mounted
at the entrance of the runway. White noise was generated
throughout the experiment.

Procedure. After the rats had been deprived of food and
familiarized well with food pellets (45 mg each) in the home
cage for 1 week, they were acclimatized to the T-maze appara-
tus with the cups filled with food pellets for 5 min. Over the
next 5 days, each animal received 11 training trials per day. In
each trial, the rat was placed in the starting box and then
allowed to run to one of the food-filled cups after the guillo-
tine door had opened. In the first trial, both cups were filled
with food pellets. However, from the second to the eleventh
trial the cup that was not selected just before the trial was
alternately filled with a food pellet. The intertrial interval was
made as short as possible. A correct response was defined as
selection of the food-filled cup from the second to the eleventh
trial. This training finally enabled rats to arrive at a food cup
within 3-5 s. Finally, 18 rats, which showed more than an
80% correct responses in three consecutive sessions, were used
for the following tests. First, the effects of the intertrial inter-
vals were examined at intervals of 15, 30, 60, and 120 s, and
successively the effects of the anxiolytics were examined at a
30-s intertrial interval twice a week (Tuesday and Friday). One
day before the test (Monday and Thursday), rats were trained
to respond correctly for five consecutive trials without any
intervals.

The 18 rats were divided into 9 groups and each rat was
treated with 9 drug conditions at 3- or 4-day intervals to coun-
terbalance the effect of the order of administration.

Drugs. The following drugs were used: DN-2327 (Takeda)
(39), diazepam (Cercine, Takeda), buspirone HCI (Buspar,
Bristol Myers), and flumazenil (Hoffmann-La Roche). DN-
2327, diazepam, buspirone HCI, and flumazenil were sus-
pended in 5% gum arabic saline. DN-2327, diazepam, and
buspirone were administered orally 60 min before the test and
flumazenil was administered intraperitoneally 30 min before
the test. Drugs and saline were administered in a volume of 2
ml/kg body weight.

Statistical analysis. In the passive avoidance test, the two-
tailed Mann-Whitney U-test was used to analyze the median
latency, and in the other experiments, analysis of variance
(ANOVA) and a two-tailed paired r-test were used.

RESULTS

Passive Avoidance Learning

Effects on the acquisition process. When drugs were ad-
ministered only before the acquisition trial in the passive
avoidance task, neither DN-2327 nor buspirone (10, 30, or
100 mg/kg, PO) affected the latency 48 h after drug adminis-
tration. On the other hand, the latency was shortened dose
dependently by DZP at doses of 1, 3, 10, and 30 mg/kg PO
and it was significantly different from that in the saline con-
trol at 10 and 30 mg/kg PO DZP [F(12,18) = 48.0, p <
0.05, and F(12,18) = 35.0, p < 0.01, respectively] (Fig. 1).

The latency for the rat to enter the dark room in the acqui-
sition trial was significantly lengthened by 100 mg/kg PO
buspirone, F(12,18) = 11.5, p < 0.01. This dose of buspir-
one seemed to be an overdose as it induced diarrhea in 7 of 12
rats.

Effects of flumazenil, DN-2327, and buspirone on diaze-
pam-induced acquisition impairment. The BZD receptor an-
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FIG. 2. Effects of flumazenil, DN-2327, and buspirone on the action
of diazepam administered orally 60 min prior to the training trial in
the passive avoidance task (7 = 13-17). DN-2327 and buspirone were
administered orally 60 min prior to and flumazenil (Ro) was adminis-
tered intraperitoneally 30 min prior to the training trial. Values are
expressed as median step-through latency (s). *,#p < 0.05, **p <
0.01, vs. saline- and diazepam-treated groups, respectively (Mann-
Whitney U-test).
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FIG. 3. Effects of DN-2337, DZP, and buspirone on 48-h recall of a step-through passive
avoidance task when administered orally to rats (# = 12-15) 60 min prior to the test
trial. Values are expressed as median step-through latency (in seconds). *p < 0.05, **p
< 0.01, vs. saline (S) control (Mann-Whitney U-test).

tagonist, flumazenil, at 20 mg/kg IP significantly lengthened
the test latency, which was shortened by 10 mg/kg PO DZP
given before the acquisition trial F(16,17) = 67.0, p <
0.0, that is, flumazenil attenuated the DZP-induced impair-
ment of acquisition learning. DN-2327 at doses of 10 and 30
mg/kg PO given concomitantly with 10 mg/kg PO DZP,
tended to antagonize dose dependently the DZP-induced
acquisition impairment [F(13,17) = 65.0, 0.05 < p < 0.1 at
30 mg/kg PO). However, buspirone at the same doses as
DN-2327 did not show such an effect (Fig. 2).

Effects on the recall process. When drugs were adminis-
tered only before the recall trial 48 h after acquisition learning
of the passive avoidance task, the latency was shortened dose
dependently by DN-2327 and buspirone (5, 10, and 20 mg/
kg, PO), and it was significantly different from that of the
saline control with either drug at doses of 10 and 20 mg/kg
PO [F(13,15) = 45.0, p < 0.05, and F(13,15) = 50.5, p <
0.05, respectively at 10 mg/kg, PO] (Fig. 3).

Effects on the nociceptive threshold. As shown in Table 1,
the threshold for shock intensities required to induce flinch,
jump, or vocalization behavior was not affected by any of the
doses of DN-2327 or diazepam used in the present experi-
ments.

The sensitivity was decreased slightly by 100 mg/kg PO
buspirone, although statistical analysis (ANOVA) indicated
no significant differences.

TABLE 1

EFFECTS OF DN-2327, DZP, AND BUSPIRONE ON
SHOCK INTENSITY THRESHOLDS (mA) IN RATS

Dose
Drug (mg/kg, PO) Flinch Jump Vocalization
Saline - 0.20 + 0.02 0.49 = 0.04 0.50 + 0.08
DN-2327 30 0.21 + 0.01 0.49 + 0.03 0.55 + 0.08
100 0.20 + 0.01 0.47 + 0.02 0.54 + 0.04
Diazepam 10 0.21 + 0.01 0.53 £ 0.03 0.52 £ 0.05
30 0.22 + 0.01 0.51 + 0.03 0.54 = 0.04
Buspirone 30 0.21 £ 0.01 0.48 + 0.03 0.45 + 0.03
100 0.23 £ 0.01 0.56 + 0.03 0.57 £ 0.04

Sensitivity to shock was determined 1 h after drug administration.
Values are expressed as means + SEM (mA) for eight or nine rats.

Delayed Spontaneous Alternation Task

The effects of delayed time (0, 15, 30, 60, and 120 s) on
correct responses were assessed (Fig. 4). The percentage of
correct responses was time dependently reduced and asymp-
totically approached the chance level (50%), F(4,68) =
14.273, p < 0.01. The percentage of correct responses at a
delayed time of more than 30 s was significantly different
from that of nondelayed responses [#(1,7) = 4.415,p < 0.01,
paired #-test].

The effects of drugs on working memory were examined
using a 30-s delay time (Fig. 5). The percentage of correct
responses was not influenced significantly by DN-2327 or
buspirone (10 or 30 mg/kg, PO). However, DZP dose depen-
dently reduced the percentage of correct responses (1, 3, and
10 mg/kg, PO) and the change was found to be significant at
more than 3 mg/kg PO, F(8,136) = 3.359, p < 0.01.

DISCUSSION

In this experiment, the effects of new anxiolytic, DN-2327,
on the execution of step-through passive avoidance and de-
layed spontaneous alternation tasks were assessed and com-
pared with those of DZP, reported to impair memory function
by causing short-term anterograde amnesia during therapeutic
treatment, and buspirone, which produces no such effect.

Considering that these anxiolytics may generally reduce
sensitivity to aversive stimuli, their effects on acquisition and
recall processes were examined separately in the passive avoid-
ance test. The test trial was done 48 h after the acquisition
trial, rather than 24 h after, to allow clearance of the drugs
(data not shown).

DN-2327 and buspirone (both 10 and 20 mg/kg, PO) im-
paired performance in the 48-h passive avoidance recall test
when given prior to the test session, but not when given before
the training trial. DZP impaired the performance at doses of
more than 5 and more than 10 mg/kg PO when given prior
to the test session and when given before the training trial,
respectively. The action of DZP (10 mg/kg, PO) when given
before the training trial was antagonized by flumazenil (20
mg/kg, IP). This suggested that the acquisition impairment
caused by DZP occurred via BZD receptors. Moreover, it
tended to be antagonized dose dependently by DN-2327 (10
and 30 mg/kg, PO) but was not affected by buspirone. We
reported previously that DN-2327 possesses mixed agonist/
antagonist properties (38). The present results suggest that
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FIG. 4. Effect of the intertrial interval on the spontaneous alteration
task using a T-maze and rats. Rats (n = 18) were tested under 5 delay
conditions for 5 days (11 trials per day). Each point in the figure
represents the mean percentage of correct responses for 180 observa-
tions. **p < 0.01 vs. no delayed control (ANOVA and paired z-test).

DN-2327 may act as an antagonist on the impairment of ac-
quisition learning caused by DZP. The failure of buspirone to
act as an antagonist may be due to differences between its
mechanism of action and that of DZP.

Traber et al. (36) and Rowan et al. (33) suggested that
anxiolytics may reduce fear or sensitivity to aversive stimuli in
the drugged state because of their intrinsic anticonflict activ-
ity. It has also been reported from human studies that BZDs
unequivocally impair acquisition or encoding of new informa-
tion in episodic memory while having no disruptive effect
upon either retention or recall of previously stored informa-
tion (6,7). Moreover, it has been found that BZDs not only
lack a retrograde amnesic effect but in many cases actually
improve the retention of material learned before treatment
(4,13,32). This phenomenon, known as retrograde facilitation
of memory, is not thought to be the result of improved consol-
idation of the memory trace but rather a consequence of re-
duced learning of information presented after the drug takes
effect (13,29). These findings suggest that recall impairment
in a drugged state during the passive avoidance task may not
reflect anterograde amnesia, which is a problem in human
studies, but may be attributed to the anticonflict activity of
the anxiolytics.

A relatively large component of the classical inhibitory ef-
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FIG. 5. Effect of DN-2327, DZP, and buspirone on the 30-s delayed
spontaneous alternation task using rats (n = 18). Drugs were given
orally 60 min prior to the first trial. **p < 0.01 vs. saline (S) control
(ANOVA and paired r-test).
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fect of BZDs on the performance of passive avoidance tasks
is known to be due to a state-dependent phenomenon, which
means that memory acquired in a drugged state can be recalled
in the same drugged state but not in an undrugged state
[(1,30), but see (34)]. There is a possibility that state-
dependent learning played a major role in producing DZP-
induced deficits in performance of the passive avoidance
learning task. Although the effect of DZP given before both
acquisition and recall testing was preliminarily examined,
state-dependent learning of DZP could not be detected in this
task. DZP given before the recall testing may have induced
anticonflict activity rather than state-dependent learning of
DZP. However, it appears at least that DN-2327 and buspir-
one do not induce state-dependent learning or acquisition im-
pairment.

The latency observed at the acquisition trial may involve
the effects of drugs on motivation or locomotor activity be-
cause foot-shock has not yet been delivered at that time. In
the present study, the highest dose (100 mg/kg, PO) of
DN-2327 or 30 mg/kg PO DZP did not affect the latency
at the acquisition trial, whereas buspirone at 100 mg/kg PO
prolonged it. However, as the drugs should have been excreted
48 h after administration, their effects on motivation or loco-
motor activity need not be considered when looking at the
results of latency at the recall trial. Moreover, the electroshock
sensitivity detected by flinch, jump, and vocalization thresh-
olds was not influenced significantly by DN-2327 (30 and 100
mg/kg, PO), DZP (10 and 30 mg/kg, PO), or buspirone 30
and 100 mg/kg, PO). Consequently, the impairment of acqui-
sition learning in this passive avoidance task may not be in-
volved in electroshock sensitivity. These results are in agree-
ment with a report that BZD anxiolytics impair acquisition
learning at doses that do not affect movement or electroshock
sensitivity in passive avoidance learning (30).

In the delayed spontaneous alternation task, which does
not involve any aversive stimuli, the memory impairment in-
duced by anxiolytics can be examined separately from anxio-
Iytic effects. The percentage of correct responses was reduced
according to the delay time (0, 15, 30, 60, and 120 s) and
asymptotically approached the chance level, implying that the
retention of working memory becomes more and more diffi-
cult with increased time delay. The percentage of correct re-
sponses at a delay time of more than 30 s was significantly
different from that with no delay time. No evidence was found
for a possible amnesic effect of DN-2327 or buspirone on
working memory in the 30-s-delayed spontaneous alternation
task, but DZP (3 and 10 mg/kg, PO) significantly impaired
working memory.

Although it is well known that scopolamine impairs work-
ing memory, BZDs do not induce the same type of memory
impairment as scopolamine. Scopolamine and DZP induce
retention and acquisition impairment, respectively, as scopol-
amine does not cause memory impairment under nondelayed
conditions but does do so under delayed conditions, whereas
DZP has this effect under both conditions (26,37). Moreover,
it has even been suggested that BZDs induce general dis-
ruption of information processing rather than specific im-
pairment of working memory (14,35). In this experiment,
although the effects of anxiolytics under nondelayed condi-
tions were not examined it is thought that DN-2327 or bus-
pirone does not bring about the same acquisition impairment
as that caused by DZP or the retention impairment similar
to that caused by scopolamine because neither DN-2327 nor
buspirone induced any memory impairment under delayed con-
ditions.
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These results suggest that although DZP, DN-2327, and
buspirone exerted amnesia-like effects in some of the tasks
that involved anxiety neither DN-2327 nor buspirone impaired
acquisition or working memory, both of which were impaired
by DZP, and that DN-2327 tended to act as an antagonist
of the acquisition impairment caused by DZP in the passive
avoidance task.

Hashimoto et al. (11) compared the behavioral and EEG
changes induced by DN-2327 with those induced by DZP and
buspirone in cats. The frontal and parietal cortical EEG was
altered by DN-2327, DZP, and buspirone. The power of low-
frequency bands was decreased and that of high-frequency
bands was increased, as seen with DZP. However, the power
of the theta band of the hippocampal EEG during wakefulness
or the peak frequency of its power density spectrum was not
changed by DN-2327, although both were decreased by DZP.
Buspirone, like DZP, decreased the power of the theta band
of the hippocampal EEG, but did not change the peak fre-
quency (11). It has also been reported that hippocampal theta
waves were desynchronized by DZP but not by buspirone in
the EEG of rabbits (15). It is well known that the hippocam-
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pus is related to learning and memory (9,24,28) and that its
theta waves on EEG may reflect wakefulness, attention, or
learning (8,10,23). It is of considerable interest that memory
impairment was induced by DZP, which desynchronizes the
hippocampal theta waves, but not by DN-2327 or buspirone,
which have no such effect, even though different kinds of
animals were used. This hypothesis is consistent with findings
that not only BZDs but also anticholinergic drugs interfere
with the production of hippocampal rhythmic slow activity
(25). It has also been reported that memory impairment in-
duced by chlordiazepoxide and anticholinergic drugs resem-
bles that induced by septal and hippocampal lesions (9,35).
These and the present investigations suggest that the memory
impairment, and not the anxiolytic effects, produced by anxi-
olytics may depend on hippocampal activity. Further investi-
gations will be necessary to confirm this hypothesis.
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