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LEE, E. H. Y., W. R. L|N, H. Y. CHEN, W. H. SHIU AND K. C. LIANG. Fluoxetine and 8-OH-DPAT in the lateral septum 
enhances and impairs retention of an inhibitory avoidance response in rats. PHYSIOL BEHAV 51(4) 681-688, 1992.--The 
present study investigated the role of lateral septal serotonin (5HT) in memory consolidation and the subtype of 5HT receptors 
involved in this process. Rats with cannulae implanted bilaterally into the lateral septum were trained in an inhibitory avoidance 
task. Immediately after training, the septal serotonergic function was manipulated by pharmacological agents selectively blocking 
5HT reuptake (fluoxetine and zimelidine), antagonizing 5HT2 receptors (ketanserin and ritanserin), or activating 5HT~A receptors, 
respectively. Results indicated that direct fluoxetine infusions into the lateral septum at a dose of 6 ug/0.5 ~1 and zimelidine at a 
dose of 5 #g/0.5 #1 both markedly enhanced memory. Intralateral septal injections of ketanserin (0.3 t~g]0.5 #1 and 0.5 ug/0.5 #1) 
and ritanserin (0.3 ug/0.5 #1 and 0.6 ug]0.5 ul) did not have a significant effect by themselves on memory, and neither did they 
attenuate the memory-facilitating effect of fluoxetine in the same area. lntralateral septal infusions of 8-hydroxy-2-(di-n-propyl- 
amino)tetralin at 5 ug/0.5 #1 significantly impaired memory retention. These findings altogether support the notion that the lateral 
septal nuclei of rats are involved in the memory processes of inhibitory avoidance learning. Furthermore, postsynaptic 5HT 
receptor activation (not the 5HT2 receptor subtype) probably exerts a facilitatory effect while presynaptic 5HT~A receptor activa- 
tion exerts an impairing effect on the memory consolidation process, probably due to autoreceptor inhibition of 5HT release. 

Fluoxetine Zimelidine Ketanserin Ritanserin 
Lateral septum Inhibitory avoidance learning Rat 

8-Hydroxy-2-(di-n-propylamino)tetralin Memory 

EVIDENCE for the role of serotonin (SHT) in memory pro- 
cessing is far from conclusive. In aplysia, 5HT has been suggested 
to assume a critical role in presynaptic facilitation underlying 
sensitization as well as a critical role in classical conditioning 
(9,23). In vertebrates, while some studies reported that depletion 
of 5HT facilitates acquisition or retention performance (6,37), 
other studies found that manipulations that increase 5HT ac- 
cumulation in the synaptic cleft either enhance memory or at- 
tenuate amnesia induced by other treatments (1,24,29,38). These 
conflicting results may be partly because of the use of compounds 
that lack pharmacological selectivity in affecting the serotonergic 
system, especially a single subtype of the heterogeneous 5HT 
receptors, as well as failure to take anatomical specificities into 
account. 

Fluoxetine is believed to have a high degree of specificity in 
blocking 5HT uptake without appreciably affecting the dopa- 
minergic and noradrenergic systems (16,17). Flood and Cherkin 

(13) have reported that when using the one-trial passive avoid- 
ance learning paradigm, systemic injection of fluoxetine en- 
hances memory consolidation and retrieval processes in young 
adult mice. It also antagonizes amnesia induced by antibiotics 
or drugs. Similarly, Strek et al. (36) have also found that systemic 
fluoxetine injection increases the retention latency in a passive 
avoidance training in rats. However, they also reported that the 
selective 5HT2 antagonist ketanserin enhances memory retrieval 
when given after training (36). A similar effect of ketanserin was 
also found in mice (2). 

Despite all the evidence, little is known about the limbic 
structures in the central nervous system on which fluoxetine 
might act to affect memory processes. The septum is a structure 
of the limbic system and is implicated in associative or nonas- 
sociative learning and memory (4,18,28), as well as other emo- 
tion-related behaviors in vertebrates (22). Anatomically, the 
septum can be divided into two major parts: the lateral septal 
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complex including the dorsal, intermedial, and ventral septal 
nuclei, and the medial septal nucleus along with the diagonal 
band of Broca. In addition to the anatomical specificity (33), 
the lateral and medial septal nuclei were demonstrated to be 
differentiated in neurochemical (8,21 ), pharmacological (10), and 
behavioral (25) aspects. 

The lateral septum has been reported to be one of the areas 
containing serotonergic terminals. Recent studies have suggested 
that there are different subtypes of 5HT receptors (14) that are 
unevenly distributed within the central nervous system, and the 
septal nucleus is probably enriched in 5HT~ receptors (31,32). 
The aims of the present study were to examine (i) whether 5HT 
in the lateral septum plays an important role in the memory 
consolidation process in rats and (ii) which subtype of 5HT re- 
ceptors mediates this process, in view of the findings by Strek 
et al. (36) and by Pazos and Palacios (31), the present study was 
primarily focused on the involvement of 5HT~ and 5HT2 re- 
ceptor subtypes. 

METHOD 

Animals 

Male Sprague-Dawley rats (200-250 g) bred from the Animal 
Facility of the Institute of Biomedical Sciences, Academia Sinica 
were used. They were housed four per cage (58 x 34 × 21 cm) 
before surgery and housed individually in hanging cages (30 × 

23 x 20 cm) after surgery, and were maintained on a 12:12 h 
light:dark cycle with tbod and water continuously available. Ex- 
periments were conducted during the light phase of the diurnal 
rhythm (in a dim room). 

Drz¢es 

Fluoxetine (a generous gift from Eli Lilly), ketanserin, ritan- 
serin, and 8-hydroxy-2-(di-n-propylamino)tetralin HBr (8-OH- 
DPAT) (from Research Biochemical Inc.) were used. All drugs 
were dissolved in 0.9% isotonic saline and were prepared im- 
mediately before use. Doses refer to the salt form. 

Surgeo' 

Animals were subjected to stereotaxic surgery under sodium 
pentobarbital anesthesia (40 mg/kg, IP). Stainless steel thin-wall 
cannulae (23 gauge, 12 mm long) were implanted bilaterally 
into the lateral septum. The coordinates for the cannula tip are: 
AP + 0.5 mm from bregma, ME _+ 0.6 mm from midline, DV 

4.0 mm below the skull surface according to the atlas of Paxinos 
and Watson (31). The tooth bar was at -2 .4 ram. Two small 
stainless steel screws serving as anchors were implanted over the 
fight frontal and left posterior cortices. The cannulae were affixed 
on the skull with dental cement. A styler was inserted into each 
cannula to maintain patency. 

FIG. 1. The typical placement of injection needles, and dye distribution, in the lateral septum in a representative rat. Methylene blue dye 0.5 #1 (3 
mg/ml) was infused to the lateral septum bilaterally. A 20-urn-thick section through the lateral septum is shown. 
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FIG. 2. Dose-response effects of intralateral septal fluoxetine on memory 
retention of inhibitory avoidance learning in rats. Data are means _ 
SEM. The number of animals in each group is indicated in each column. 
*p < 0.05 when compared with the control group. 

Inhibitory Avoidance Task 

Ten to twelve days after the surgery, rats were trained on a 
one-trial step through an inhibitory avoidance task. The appa- 
ratus consisted of a trough-shape alley (95 × 22 × 34 cm) divided 
by a sliding door into an illuminated safe compartment (30 cm 
in length) and a dark shock compartment (65 cm in length). 
The rat was placed into the safe compartment facing away from 
the door. As the rat turned around, the door was opened. After 
the rat entered the dark compartment, the door was closed and 
a 0.9 mA/l s DC current footshock was administered. The rat 
was removed from the alley about 5 s after receiving the shock, 
administered the appropriate post-training treatments, and re- 
turned to its home cage. On the retention test given 24 h later, 
the rat was again placed into the illuminated compartment and 
the latency to step into the dark compartment was recorded as 
a measure of retention performance. Rats which did not enter 
the dark compartment within 600 s were removed from the 
alley and assigned a ceiling score of 600. 

Intralateral Septum Drug Administration 

Animals received bilateral injections of vehicle (Veh) or drug 
into the lateral septum immediately after the inhibitory avoid- 
ance training. The animal was awake and gently held by the 
experimenter when receiving injections. The injection was ad- 
ministered through a 30-gauge injection needle connected to a 
2 #1 Hamilton microsyringe by 0.5 m polyethylene tubing (PE- 
20). The injection needle was bent at a length such that, when 
inserted into the cannula, the needle tip would protrude 1.5 mm 
beyond the tip of the cannula. Drug solutions were introduced 
into the PE tubing and the microsyringe, and were delivered 
into the lateral septum manually at a rate of 0.5 #l/min. A total 
volume of 0.5 t*l was injected into each side for all drugs in all 
experiments. 

Histology 

At the completion of the memory test, animals were sacrificed 
by decapitation and the brains were removed. For histological 
examination ofcannula and needle placement in the lateral sep- 
turn, the brains were frozen-sectioned in a cryostat. Twenty- 
micron thick sections taken at 40 ~m intervals through the lateral 
septum were mounted on slides and stained with thionine blue, 
and the cannula track was examined for each rat. Animals were 
accepted for data analysis only if both needle placements were 
located within the lateral septum. Figure 1 illustrates the place- 
ment of the needle position in the lateral septum under micro- 
scopic examination. There were several animals whose cannula 
tip was not located at the right position and their data were not 
included in analysis regardless of their memory performance. 

Statistics 

Since the distribution of retention scores was truncated at 
600, nonparametric Mann-Whitney two-tailed U-tests (34) were 
used to analyze the data for the inhibitory avoidance task. The 
U value was transformed to a Z value if the number of subjects 
in each group was greater than 8. 

EXPERIMENT 1 

If 5HT in the lateral septum plays a modulatory role in 
memory retention, it is predicted that the specific 5HT uptake 
blocker fluoxetine, when injected into the lateral septum, should 
affect memory processing. This experiment was designed to test 
this hypothesis. Fifty-eight animals were randomly assigned to 
four groups for a dose-response study of fluoxetine's effect on 
memory. Group I (n = 14) received saline infusions, group II 
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FIG. 3. Dose-response effects ofintralateral septal zimelidine on memory 
retention of inhibitory avoidance learning in rats. Data are expressed as 
in Fig. 2. 
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FIG. 4. Dose-response effects of intralateral septal ketanserin on memory 
retention of inhibitory avoidance learning in rats. Data are expressed as 
in Fig. 2. 

(n = 13) received fluoxetine infusions at 3 ~g/0.5 ul per side, 
group III (n = 18) received fluoxetine infusions at 6 gg/0.5 ul 
per side, and group IV (n = 13) received fluoxetine infusions at 
12 ug/0.5 tzl per side. The injection volume was 0.5 gl each side. 
The dose range adopted was calculated from findings of a pre- 
vious study (13) considering both the injection route and species 
differences. 

EXPERIMENT 2 

Since the results from Experiment 1 indicated that fluoxetine 
enhanced memory retention at a 6-~g dose only, another specific 
5HT uptake blocker zimelidine was used in this study to further 
confirm that 5HT in the lateral septum possibly plays a facili- 
tatory role in the memory process. Forty rats were divided into 
three groups. Group I (n = 16) received saline infusions, group 
1I (n = 12) received zimelidine infusions at 5 /~g/0.5 ul each 
side, and group lII (n = 12) received zimelidine infusions at 10 
t~g/0.5 #1 each side. 

EXPERIMENT 3 

In this study, the dose-response effects of the selective 5HT2 
receptor blocker ketanserin on memory performance were ex- 
amined. Forty-four rats were distributed to three groups. Group 
I (n = 16) received saline, group II (n = 15) received 0.3 #g/0.5 
#1 ketanserin, and group IIl (n = 13) received 0.5/~g/0.5 ~1 ke- 
tanserin; for each group infusions were delivered into each lateral 
septum. 

EXPERIMENT 4 

This experiment was designed to study whether ketanserin 
antagonizes the memory-enhancing effect of fluoxetine in the 

lateral septum. Thirty-eight rats were randomly assigned to three 
groups. Group I (n - 14) received saline and saline infusions, 
group II (n - 12) received saline and fluoxetine infusions (6 ug/ 
0.5 ul), and group I11 (n - 12) received ketanserin (0.3 ug/0.5 
~1) tbllowed by fluoxetine (6 ug/0.5 ul) infusions. The first in- 
fusion was given 30 min before training and the second infusion 
given immediately after training. 

EXPERIMENI  5 

In order to further test the specificity of 5HT2 receptor in- 
volvement in the memory consolidation process, the effects of 
another 5HT2 receptor blocker ritanserin on memory retention 
were examined. Thirty-six rats were divided into three equal 
number  groups, Group I received bilateral saline infusions, group 
1I received ritanserin infusions at a dose of 0.3 ~g/0.5 ul each 
side, and group III received ritanserin infusions at a dose of 0.6 
ug/0.5 ul each side. 

EXPERIMENT 6 

This experiment was designed to study the interactive effects 
of ritanserin and fluoxetine in the lateral septum on memory 
retention in rats. Forty rats were randomly assigned to three 
groups. Group I (n = 13) received saline and saline infusions, 
group II (n = 13) received ritansedn (0.3 gg/0.5 ul) and saline 
infusions, and group llI (n = 14) received ritanserin (0.3 t~g/0.5 
ul) and tluoxetine (6 ug/0.5 ul) infusions. Similarly, the first 
infusion was given 30 rain prior to, and the seeond infusion 
given immediately after, the training procedure. 

EXPERIMENT 7 

This study was designed to examine whether 5HT~ receptors 
in the lateral septum are involved in the memory process in rats. 
Specific 5HTjA receptor agonist 8-OH-DPAT (20,28) was used. 
Forty animals were randomly divided into three equal groups. 
Group I (n = 12) received bilateral saline infusions, group II (n 
= 14) received bilateral 8-OH-DPAT infusions at 1 #g/0.5 #l, 
and group III (n = 14) received bilateral 8-OH-DPAT infusions 
at 5 ~g/0.5 ~1. 

RESULTS 

EXPERIMENT 1 

The dose-response effects of fluoxetine on memory retention 
are shown in Fig. 2. lntralateral septal infusions of fluoxetine, 
at a dose of 6 ug/0.5 ~1, significantly enhanced memory retention 
(Z = 2.18, p < 0.05). Whereas fluoxetine at a higher and a lower 
dose had no significant effect (Z = 0.73 and Z = 0.51, respec- 
tively; both p > 0.05). 

EXPERIMENT 2 

The dose-response effects of zimelidine on memory perfor- 
mance are shown in Fig. 3. As revealed from this figure, zime- 
lidine dose-dependently improved retention performance with 
the 10 #g/0.5 #1 dose reaching a significant level (Z = 1.99, p < 
0.05). 

EXPERIMENT 3 

The dose-response effects of the selective 5HT2 receptor 
blocker ketanserin on memory retention are illustrated in Fig. 
4. As shown in this figure, ketanserin injected into the lateral 
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septum did not have a significant effect on memory retention 
at either dose examined (Z = 0.25 and Z = 0.14 for 0.3 ug and 
0.5 #g ketanserin, respectively; both p > 0.05). 

150. 

EXPERIMENT 5 

EXPERIMENT 4 

The interactive effects of ketanserin and fluoxetine in the 
lateral septum on memory consolidation in rats are shown in ~ 120- 
Fig. 5. In replication of the results of Experiment 1, 6 ~tg of 
fluoxetine consistently and markedly improved retention per- 

O formance in rats (Z = 2.04, p < 0.05). Ketanserin at 0.3 #g did ,- 
not affect memory retention by itself(from Experiment 3), and • 
it did not antagonize the memory-facilitating effect offluoxetine .a 90- 
either. The ketanserin/fluoxetine group had significantly better 
retention performance than the controls (Z = 1.96, p < 0.05). = e- 
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The dose-response effects of ritanserin on memory perfor- 
mance are shown in Fig. 6. Similar to the effects of ketanserin, 
ritanserin did not markedly affect memory retention at either 
dose examined (Z = 0.41 and Z = 0.23 for 0.3 #g and 0.6 #g 
doses, respectively; both p > 0.05). 

EXPERIMENT 6 

The interactive effects of ritanserin and fluoxetine in the lat- 
eral septum on retention are summarized in Fig. 7. Ritanserin 
at 0.3 ~tg did not affect memory retention by itself (Z = 0.31, p 
> 0.05), neither did it antagonize the memory-facilitating effect 
of fluoxetine (6 ttg) in the lateral septum (Z = 1.98, p < 0.05, 
when comparing the ritanserin/fluoxetine group with the control 
group). 
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FIG. 5. Interactive effects of fluoxetine and ketanscdn in the lateral scp- 
turn on memory retention of inhibitory avoidance learning in rats. Data 
are expressed as in Fig. 2. 
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FIG. 6. Dose-response effects ofintralateral septal ritanserin on memory 
retention of inhibitory avoidance learning in rats. Data are expressed as 
in Fig. 2. 

EXPERIMENT 7 

The dose-response effects of 8-OH-DPAT on memory re- 
tention are shown in Fig. 8 .8-OH-DPAT at l ~tg did not have 
a significant influence upon memory by itself (Z = 1.77, p > 
0.05), while 8-OH-DPAT at a higher dose (5 #g) markedly im- 
paired memory retention (Z = 1.97, p < 0.05). 

DISCUSSION 

The present results demonstrate that, at appropriate doses, 
the specific 5HT uptake blockers fluoxetine and zimelidine both 
significantly improved retention performance in rats. Injections 
of specific 5HT2 receptor blockers ketanserin and ritanserin did 
not prevent this memory-enhancing effect of fluoxetine in the 
lateral septum. On the other hand, injection of the 5HTtA re- 
ceptor agonist 8-OH-DPAT markedly impaired memory reten- 
tion. These results together suggest that synaptic 5HT in the 
lateral septum probably plays a facilitatory role in memory pro- 
cessing in rats and this effect is probably not mediated through 
the 5HT2 receptor subtype. Furthermore, activation of septal 
5HTIA receptors, presumably at presynaptic sites, impaired 
memory processing, probably due to autoreceptor inhibition of 
5HT release. 

These results are consistent with the findings of Flood and 
Cherkin (13) that systemic injection of fluoxetine enhances 
memory processing in mice, and the finding that systemic p- 
chlorophenylalanine, a drug that depletes 5HT, retards passive 
avoidance learning in rats (35). In another study, Wenk et al. 
(39) have reported that the specific 5HT neurotoxin 5,7-dihy- 
droxytryptamine (5,7-DHT) impaired acquisition in rats. While 
zimelidine enhanced memory in a dose-response fashion, 
fluoxetine did not have a memory-facilitating effect at the higher 
dose examined (12 #g/0.5 ~tl). This is probably due to the rela- 
tively high dose of the drug used that partially overrides the 
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FIG. 7. Interactive effects offluoxetine and ritanserin in the lateral septum 
on memory retention of an inhibitory avoidance task in rats. Data are 
expressed as in Fig. 2. 

pharmacological specificity. This suggestion is supported by the 
findings of Caccia et al. (7) that fluoxetine follows apparent first- 
order kinetics when injected in the 10 mg/kg dose range. In 
addition, the memory score in control animals was relatively 
lower in the fluoxetine dose-response study (Fig. 2) when com- 
pared with others. This is probably due to the relatively old rats 
used in this experiment (3 weeks older on the average). On the 
other hand, the medial septal nucleus has more frequently been 
studied and implicated in memory processes (3,5), while the role 
of the lateral septal nucleus has rarely been investigated. We 
have presently demonstrated that the lateral septum is also an 
important structure in modulating the learning and memory 
processes in mammals. 

While the current results are consistent with many studies 
emphasizing the facilitatory role of 5HT in learning and memory, 
there are also studies showing opposite results. For example, 
Fibiger et al. ( 11 ) have reported that electrical stimulation of the 
dorsal raphe nucleus disrupts memory in rats in a step-down 
passive avoidance paradigm. Using an active avoidance para- 
digm, Ogren (29) has reported that acute release of 5HT by p- 
chloroamphetamine also impairs the acquisition and retention 
of one-way active avoidance learning in rats. Fletcher (12) has 
found that tryptamine produces an acquisition deficit in an active 
avoidance task in rats, which is possibly caused by stimulation 
of central 5HT receptors. Other than differences in experimental 
designs and behavioral paradigms, most of these studies have 
used the systemic injection route which apparently lacks ana- 
tomical specificity. Considering the growing evidence showing 
differential roles of various receptor subtypes even within the 
same neurotransmitter system, these approaches lack neuro- 
chemical specificity. The refined pharmacological, anatomical, 

as well as neurochemical specificities of our current treatments, 
theretbre, provide better evidence for a facilitatory role of 5HT 
in Ihc lateral septum in memou  formation, and may account 
tot the discrepancies among these findings. 

The present results also indicate that the 5HT receptors m 
the lateral septum involved in memory processing at least include 
presynaptic 5HTIA receptors. The 5HT2 receptor subtype is 
probably not involved, since the selective 5HT2 receptor blockers 
ketanserin and ritanserin did not have any significant effect upon 
memory by themselves, and they did not antagonize the mem- 
ory-enhancing effect of fluoxetinc in this area either. In a study 
reported by Strek et al. (36) fluoxetine increased retention la- 
tency, as we found in the present study. These investigators also 
found that systemic injection of ketanserin, which presumably 
has a neurochemical action opposite to that of fluoxetine, also 
increases retention performance in a passive avoidance task in 
rats. While these seemingly contradictory results remain to be 
reconciled, they nonetheless suggest that the memory-enhancing 
effect of tluoxetine and zimelidine and the facilitatory role of 
5HT on memory is probably not mediated through the 5HTe 
receptor subtype. On the contrary, activation of 5HTe receptors 
may play an inhibitory role in memory consolidation, as sug- 
gested by Strek et al. (36). In view of the fact that the distribution 
of 5HT receptor subtypes and the density of each subtype vary 
substantially within the brain (31 ), and that even the same 5HT 
receptor subtype in different brain regions may be functionally 
differentiated (14), discrepancies between the effects of systemic 
and local ketanserin injections are not surprising. 

The septal nuclei are rich in 5HTj receptors, probably the 
1A subtype, as suggested by Pazos and Palacios (31 ). The present 
results indicated that injections of a 5 HT~A agonist 8-OH-DPAT 
into the lateral septum produced a significant memory-impairing 
effect. Such findings seem to be incongruent with the tRcilitatory 
effect of fluoxetine if g-OH-DPAT is assumed to work postsyn- 
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FIG. 8. Dose-response effects of intralateral septal 8-OH-DPAT on 
memory retention of an inhibitory avoidance task in rats. Data are ex- 
pressed as in Fig. 2. 
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aptically. However, recent findings have shown the existence of  
5HT~A receptors on serotonergic terminals in many forebrain 
regions (20) including those implicated in memory  processing, 
such as the hippocampus (26). Therefore, the injected 8-OH- 
DPAT may work through presynaptic 5HT~A receptors to inhibit 
endogenous 5HT release activated by the training experience 
and hence induces an effect opposite to that of  fluoxetine. There 
are other subtypes of  5HT, receptors ( 1 B, 1 C, and possibly 1 D) 
and 5HT3 receptors whose role in memory  processes remains 
unclear and may mediate the postsynaptic effect of  endogenously 
released 5HT. Further studies to examine the effects of  selective 
5HT, (including various forms of  5HT~ receptors) and 5HT3 
antagonists, as well as the anatomical locus of  these receptors 
on memory, are warranted. In addition, examination of  the roles 
of  different 5HT receptor subtypes in other brain regions, such 
as the hippocampus and the amygdala, which are also implicated 
in modulating learning and memory  processes will also be 
helpful. 

In summary, using the one-way inhibitory avoidance para- 
digm and the local infusion technique, given the pharmacolog- 
ical, anatomical,  and neurochemical specificities of  the adopted 
treatments, we found in the present study that the serotonergic 
neurons in the lateral septum play a facilitatory role in memory 
retention in rats. Furthermore, this memory-enhancing effect of  
presynaptically released 5HT in the lateral septum is probably 
not mediated through the 5HT2 receptor subtype; injection of  
selective 5HT,A agonist in the same area produced a memory- 
impairing effect probably due to its inhibition of  5HT release 
through presynaptic autoreceptors. 
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