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buspironz on memory retrieval. Male
Wistar rets were trained on a one-trial
step-through inhibitory avoidance task and
given subcutaneous (s.c.) or intra-cranial
injections of buspirone at various areas
shortly bzfore the 1-day or 21-day test.
Pretest s.c. injections of buspirone caused
a dose-dependent impairment of retention.
The effect was more prominent when
busprirone was injected 30 min before the
retention test than injected 150 or 5 min
before. Euspirone given before the 1-day
or 5-day test caused a robust effect, but
only a marginally effect before the 21-day
test. The impairing effect on the 1-day test
was atter uated by pretreatment of a 5-
HTIA artagonist WAY 100635, but not
by a D2 agonist apomorphine or an o2
agonist clonidine. Pretest infusion of the
drug into the median raphe, locus coeru-
leus, amygdala, bed nucleus of the stria
terminalis and medial prefrontal cortex
caused no significant effect. Pretest infu-
sion of baspirone into the ventral hippo-
campus impaired performance in the 1-



day test, and the eftect was attenuated by
the 5-HT|I A antagonist WAY100635. The
findings.|considered with our previous
ones, suggest that buspirone may act on 5-
HTI1A receptors of the hippocampus to
suppress expression of a recently acquired
affective memory.

Key words: anxiolytics, conditioned fear,
amygdala, median raphe, locus coeruleus,
medial prefrontal cortex, rats
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Buspirone is an atypical anxiolytic
dissimilar to benzodiazepines. Evidence
accumulated recently showed that this
drug could have an effect on learning and
memory:|Pre- or posttraining injection of
buspirone, either systemically or directly
into the brain, impaired retention in the
inhibitory avoidance or swimming tasks.
Additionally, pretest administration of this
drug impaired performance in retention
tests of the inhibitory, active avoidance or
Morris water maze tasks (Liang et al.,
1998). In view of these data, it would of
interests to know how and where in the
brain buspirone might act to influence
acquisition and/or memory retrieval of
various l¢arning tasks. Findings from the
previous year (Liang, 1999) showed that
buspirone exxerting its effect on memory
formation on S-HT1A receptors in the
amygdala. On the other hand the retrieval
affecting jetfect of buspirone appeared to
be related to the hippocampus. However,
it was unknown whether this effect was
also involved the 5-HT1A receptor. In the
present report, we showed that the effect
of buspirpne on [-day memory retrieval
was related to its action on 5S-HT1A
receptors| of the ventral hippocampus.
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[. Dose-response curve for pretest
systemi¢ linjections of buspirone

Rats wer: trained on the inhibitory
avoidanc: task as described previously.
Thirty m nutes before the 1-day retention
test, various groups of rats received s.c.
injections of saline, 1.0 mg/kg, 2.5 mg/kg
or 5.0 mg/kg buspirone. Results indicated
that pretest s.c. injections of buspirone
induced & dose-dependent deficit in the
retention test. A Kruskal-Wallis one-way
ANOVA revealed a signicant difference
among the four groups (H’(3) =28.7,p <
0.0001). Further paired comparisons by
Mann-Whitney two-tailed U-test indicated
that the group receiving 2.5 mg/kg or 5.0
mg/kg buspirone had significantly lower
retention scores than the controls (U =22
& 0, p <)J.01 & 0.001; respectively). The
group receiving 1.0 mg/kg buspirone also
appeared to have lower retention scores
than the controls, but the difference
between ‘he two was not statistically
significant. Yet retention scores of the 1.0
mg/kg group were significantly better than
those of the 2.5 or 5.0 mg/kg group (U =
23 & 4; 1 <0.05 & 0.001).

To evaluate whether buspirone would
have alte -ed the activity level, some rats
were sub ected to the open field test five
minutes after receiving buspirone. The
number ¢ f line crossing (mean + S.E) for
the vehicle, 2.5 mg/kg, or 5.0 mg/kg
buspirone treated groups was 32.4 + 4.0,
36.6 +3.), 14 + 2.6; respectively. A one-
way ANOVA revealed a significant drug
main effect (F(2,30) = 11.9, p <0.0002).
Post-hoc comparisons indicated that the
5.0 mg/k 2 group showed locomotor
activity significantly lower than the
controls (Dunnett t(30) = 4.6, p <0.05),
while the 2.5 mg/kg group did not.

11. Effect of buspirone injected at various
tumes before testing on retention.

To ¢valuate the best time for
injection of buspirone before testing, four



groups of rats were trained and tested 1
day later} One group received vehicle 30
min prior to the testing, while the
remaining three groups received 5.0
mg/kg buspirone 5 min, 30 min, and 150
min before testing. Buspirone given 30
min before testing produced the greatest
impairment, while that given 150 min
before or 5 min before testing produced
less of an effect. A Kruskal-Wallis one-
way ANOVA revealed a significant
difference among the four groups (H'(3) =
18.9. p <0.001). Further comparisons
indicated that the control group had better
retention|scores than all buspirone-treated
groups (U=10,5 & 8;p<0.01,0.001 &
0.01 for 5, 30 & 150 min groups). The 30
min group also had poorer retention
performance than the 5 or 150 min group
(U=12.5 & 15.5,p <0.01).

I11. Effects of buspirone on retention in
tests with various retention intervals.

Six groups of rats were trained as
described and were tested for retention at
I, 5; 0r 2| days after training. For the pair
of groups tested at each retention interval,
one group received vehicle and the other
received 5.0 mg/kg buspirone, injected
subcutaneously 30 min before testing.
Buspirone injected before each retention
test impaired retention performance, but
buspirone injected before a 21-day
retention test appeared to have less of a
deleterioys effect. In the 1-day and 5-day
tests, the buspirone-treated groups had
significantly poorer retention performance
than the control (U =10 & 27, p <0.001
& 0.01, respectively). In the 21-day test,
while the buspirone group appeared to be
lower than the control group in retention
performance, the difference between the
two only approached statistical
significarice (U=41.5, 0.05<p<0.10).
Retention scores of the vehicle groups and

the busp rone groups were analyzed
individually by two Kruskal-Wallis one-
way ANOVAS. No signifcant difference
was fourd among the vehicle groups
suggesting little memory decay over the
20-day retention period. On the other hand,
there was a significant difference among
the buspirone-treated groups (H'(2) = 7.1,
p <0.05;. Further paired comparisons
indicatec that rats given buspirone before
the 21-day test showed better retention
performence than rats given buspirone
before the 1-day or 5-day test (U =30.5 &
34.5, p <0.05 for both tests).

IV. The effect of buspirone was attenuated
by 5S-HT A antagonist

Var ous groups of rats were used to
evaluate :he involvement of 5-HT1A, D2
or 02 receptors in the effect of buspirone.
They were trained as described. They
received one of the following treatments:
vehicle, buspirone, WAY 100635,
buspirone plus the 5-HT1A antagonist
WAY 100635, buspirone plus various
doses of “he D2 agonist apomorphine or
buspirone plus various doses of the 2
agonist ¢ onidine. The dose of buspirone
was 3.0 rig/kg that was given 30 min.
before testing, the dose of WAY 100635
was 0.3 rig/kg. The doses of apomorphine
were 0.1, 0.3, 1.0 or 3.0 mg/kg, while
those of the clonidine were 0.01, 0.03, 0.1
or 0.3 mg/kg. Injection of buspirone was
given sutcutaneously 30 min before
testing, while injection of the other drug
was given intra-peritoneally 10 min before
the buspi -one injection. Three groups of
vehicle- or buspirone-injected rats tested
along with groups of rats pretreated with
different irugs showed comparable
retention scores which did not differ
statistically, so they were collapsed into a
combinec vehicle group or a combined
buspirone group. Prestest injections of



buspirone again induced impaired
retention as in the previous experiments,
pretest injections of WAY 100635 had no
effect on retention, but effectively blocked
the impajring effect of buspirone. On the
other hand, pretest injections of neither
apomorphine nor clonidine were able to
atteunuate the effect of buspirone. A
Kruskal-Wallis one-way ANOVA
revealeda significant difference among
the groups given vehicle, buspirone,
WAY 100635 or buspirone plus WAY
100635 (H'(3) = 28.9, p < 0.0001).
Further paired comparisons by Mann-
Whitney|two-tailed U-tests indicated that
the rats treated with 3.0 mg/kg buspirone
had significantly lower retention scores
than the yehicle group (U =153, p <
0.0001). [The group receiving buspirone
alone did not had retention scores
different from the controls. On the other
hand. the group receiving WAY 100635
plus buspirone showed retention scores
significantly better than the buspirone
group (U= 39, p <0.0001). These
findings suggested that the buspirone
effect was blocked by the 5-HT1A
antagonist. A Kruskal-Wallis one-way
ANOVA revealed a significant difference
among the groups treated with vehicle,
buspirone, or buspirone plus various doses

of apomarphine (H'(5) =29.9, p <0.0001).

Paired comparisons by Mann-Whitney
two-tailed U-tests indicated all groups
treated with buspirone plus apomorphine
had retention scores lower than the vehicle
group (U|= 50, 55, 27 & 60 for the groups
having 0.1, 0.3, 1.0 or 3.0 mg/kg
apomorphine; p <0.001, respectively).
No group receiving apomorphine had
retention scores better than the group
receiving buspirone alone. These findings
suggest that D2 receptors appeared not to
be involved in the effect of buspirone on
retention performance.

A Kruskal-Wallis one-way ANOVA
revealed a significant difference among
the groups treated with vehicle, buspirone,
or buspitone plus various doses of
clonidine (H'(5) =29.9, p < 0.0001).
Paired comparisons by Mann-Whitney
two-tailed U-tests indicated all groups
treated with buspirone plus clonidine had
retention scores lower than the vehicle
group (U =51, 15, 44 & 44 for the groups
having 0 01, 0.03, 0.1, or 0.3 mg/kg
apomorphine; p < 0.005). No group
receiving clonidine had retention scores
better then the group receiving buspirone
alone. Tlese findings suggest that o2
receptors appeared not to be involved in
the effec’ of buspirone on retention
performance.

V. Sites of action for buspirone to affect
retention performance in 1- and 21-day
tests

To investigate where in the brain the
effect of ouspirone on retrieval may be
meidated, groups of rats with cannulae
implanted in various sites of the brain
were trained as described in the Method
section and were tested either 1 or 21 days
after training. They received infusion of
vehicle 0 5.0 pg buspirone into the target
structure 5 min before the retention test. In
the 1-day test, pretest infusion of the drug
impaired retention performance only when
given into the ventral hippocampus, the
buspirone-treated animals had
significantly lower retention scores than
the controls (U =44, p <0.005). The
group given pretest intra-amygdala
infusion of buspirone appeared to have
lower retention scores than the
correspor dent controls, but the difference
was not statistically significant.
Buspiron: infused into the locus coeruleus,
median rephe nucleus, BNST or medial
prefronta. cortex did not significantly



affect performance in the retention test. In
the 21-day test, buspirone failed to cause a
significant effect when infused into any of
the brain regions before testing. The
groups receiving infusion of buspirone
into the medial prefrontal cortex appeared
to have lpwer retention scores than the
correspondent control group, but the
difference only approached statitical
significance (U =72.5,0.05 < p < 0.10).
No difference in any other pair of
comparisons was close to statistical
significance, even though rats receiving
buspironeé in the locus coeruleus or ventral
hippocampus appeared to have lower
retention|scores.

VI. The effect of intra-hippocampal
infusion of buspirone in the 1-day
retention|test was attenuated by 5-HT1A
antagonists.

In an attempt to replicate the above
finding and verify that the effect involved
indeed the 5-HT1A receptors, six groups
of rats with cannulae implanted into the
hippocanipus were trained as described.
Three of them were tested | day after
training, while the other three were tested
21 days after training. In each test,
different groups of rats received 5 min
before testing vehicle, buspirone or
buspirone plus a specific 5-HT1A
antagonisgtWAY 100635, Results indicated
that in replicating findings of the previous
experipment, pretest intra-hippocampal
infusion of buspirone impaired 1-day
retention |performance but had no
significant effect on the 21-day retention,
and further that the effect of buspirone on
1-day retention could be attenuated by the
specific 5-HT antagonist infused
simultangously into the hippocampus. A
Kruskal-Wallis one-way ANOVA
revealed a significant difference among
the three groups tested 1 day after training

(H'(2) = 11.3, p<0.05). Further
comparisons by Mann-Whitney two-tailed
U-tests indicated that the buspirone-
treated rats had significantly lower
retention scores than those treated with
vehicle (J =26, p <0.01) or buspirone
plus UH-301 (U =16.6, p <0.05), while
the latter two groups did not differ from
each other. In the 21-day test, while the
control aspeared to have higher retention
performance, but the differences among
the three groups were not different (H’(2)
=0.3, ns 1.
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Res lts of the present study can be
recapitulated as follows: 1. In replication
of previous findings, pretest injections of
buspiron: caused a deficit in retention
performance and the effect was most
robust when buspirone was injected 30
min. prior to the retention test. Further, the
retention-deficit induced by pretest
infusion of bupirone appeared to reduce as
the retention period lengthened. 2. The
retention-impairing etfect of buspirone
could be attenuated by a 5-HT1A
antagonist WAY 100635. 3. Pretest
infusion of buspirone into the ventral
hippocampus also caused a retention
deficit in the 1-day test, which could be
attenuate by the 5-HT1A antagonist.
Yet the sime treatment had no effect on
retention in the 21-day test. These
findings suggest that the hippocampus
was invo. ved in retrieving or storage by
inference of affective memory in the
inhibitory avoidance task shortly after the
training experience but became
disengaged as the retention intervals
extended. and 5-HT1A receptors played
an important role in the effect of
buspirone suppressing retrieval of an
emotiona. experience.



