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LALONDE, R. AND V. VIKIS-FREIBERGS. Manipulations of 5-HT activity and memory in the rat. PHARMACOL
BIOCHEM BEHAY 22(3) 377-382, 1985.—The activity of 5S-HT was manipulated by means of the peripheral injection of
5-HT reuptake inhibitors, fenfluramine and fluoxetine. These drug treatments, at doses higher than 1 mg/kg, produced
retrograde amnesia in a one-trial appetitive learning task in rats. A non-specific inhibitor of 5-HT reuptake, imipramine, did
not produce this amnesic effect, nor did the combination of fenfluramine with the MAOI tranylcypromine, although it
produced, as expected, the ‘‘serotonergic syndrome.’’ Results for the metabolic precursor of 5-HT, 5-HTP, also adminis-
tered peripherally, were inconsistent, with amnesic effects seen at 5 and 20 mg/kg but none at 10 mg/kg.

Memory S-HT activity Amnesia

5-HYDROXYTRYPTAMINE (5-HT) manipulations have
been linked to learning and memory processes in animals [6].
In avoidance tests, it has been found that 5-HT depletion
facilitates learning [22,24], though this result depends on
such factors as the method (lesions, drugs) by which 5-HT
depletion is produced, the extent of 5-HT depletion and the
nature (1-way or 2-way) of the avoidance task itself [18]. On
the contrary, an increase in 5-HT activity, either by periph-
eral administration of the 5-HT metabolic precursor, 5-
hydroxytryptophan (5-HTP), or the 5-HT releasing agent,
p-chloroamphetamine, impairs avoidance learning [15,19].
These results are based on studies where the drugs were
administered before the learning session. The facilitation of
avoidance learning by S-HT may be due to increased pain
sensitivity caused by this type of manipulation [2,22] and not
to cognitive processes as such. Additional information may
be obtained relating 5-HT specifically to memory processes
by means of administration of drugs after the learning ses-
sion.

It has been shown that post-trial intracerebral adminis-
tration of 5-HT impairs retention of avoidance learning
[6,25]. These results suggest that activation of 5-HT neurons
produces retrograde amnesia in animals.

Intracerebral 5-HT, however, may cause a non-specific
effect by activating neurons not containing 5-HT [2]. It is the
purpose of this study to increase 5-HT activity by means of
peripheral administration of drugs known to affect 5-HT
reuptake or release. The hypothesis being tested is that these
drugs cause retrograde amnesia in rats.

Fenfluramine (FF) and fluoxetine (FLX) are inhibitors of
5-HT reuptake [8, 16, 27]. FF is also a 5-HT releaser {4] and
there is evidence that FF decreases appetite in animals be-
cause of its 5-HT stimulating properties [1, 10, 13.]. These
two drugs will be compared to imipramine (IMI), a drug

which inhibits the reuptake of S-HT and noradrenaline
[17,21]. 5-HTP will also be given in order to find out whether
the 5-HT precursor which increases brain 5-HT levels [20]
has the same effect as the 5-HT reuptake inhibitors.

The one-trial passive avoidance test has been the task
most often used in the evaluation of drug effects on memory.
In order to provide a wider approach to such an evaluation, a
new one-trial appetitive task will be used here. After four
days of exploration in a box, rats either find a food-filled hole
or an empty hole. On the sixth day, the day of the retention
test, rats reinforced on the previous day visit the now empty
hole more often than nonreinforced rats. Amnesic agents,
administered immediately after the one-trial learning ses-
sion, should decrease the number of hole visits of reinforced
but not of non-reinforced rats.

METHOD

Series of male Sprague-Dawley rats (Charles River, St-
Constant, Quebec) served as subjects. On arriving at the lab
the rats, weighing 240 g (x40 g), were placed in groups of 5 to
7 in metal cages (Hoeltge, Cincinnati, OH).

The learning apparatus consisted of two wooden cells of
identical size (3025 cm), separated by a partition of
cardboard boxes (30x22 cm). At the end of each cell, there
was a round hole (diameter: 4 cm, depth: 2 cm). On the first
two exploration days, the floor of the box was covered with
an opaque layer of black Plexiglas. A few days after their
arrival at the lab, the rats, deprived of food (Purina Rat
Chow) for 23 hr (water available at all times), explored the
learning apparatus for 15 minutes a day in groups of 4 to 6. At
that time the hole of each cell was covered with the layer of
Plexiglas. On days 3 and 4, the rats, still food deprived for 23
hr, explored the cells one by one for 4 minutes (since there
were two cells, the experimenter sent in two rats at a time).
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FIG. 1. Mean number of visits (=SD) by Reinforced (striped bar) and
non-Reinforced (open bar) rats (n=7) on day 6 (retention test) as a
function of a fenfluramine injection on day 5 and pre-drug respond-
ing on day 4.

During these two days, the Plexiglas layer being removed,
the experimenter counted the number of times a particular
rat would approach the empty hole and sniff about by putting
its nose around or into the hole; this behavior is said to be a
“‘visit’’ to the hole. The hole is visited only when the nose of
the rat touches the border of the hole or enters into the hole.
For a second visit to occur, a rat must take a few steps about
the box before returning to the hole. In other words, there is
no accumulation of visits when a rat remains fixed in one
spot while its nose enters and leaves the hole continuously.
A subject is accepted for the learning test only if it makes at
least one visit either on day 3 or day 4. The fifth day is the
day of the learning session. A few hours before the session,
the rats were separated and placed in individual cages
(Hoeltge). The rats were then divided according to a factorial
design into different groups according to dose level. Half of
the subjects found 45 mg Noyes food pellets in the hole of the
cell (Reinforced rats), while the other half found, as on the
two previous days, an empty hole (non-Reinforced rats).
Immediately after the four minute session, the rats received
an IP injection of one of the drugs. The rats were lifted from
the learning box, injected, then put back in their home cages.

Drug treatments, given in separate experiments, included
fenfluramine, FF (A. H. Robins, Montreal), fluoxetine, FL.X
(Lilly, Indianapolis) or imipramine, IMI (Sigma, St-Louis) at
1, 3 and 10 mg/kg. 5-HTP methyl ester (Sigma) was adminis-
tered at S, 10 and 20 mg/kg. Different groups of rats (n=7 or
10) were used for each dose level. Distilled water or saline
were used as the drug vehicle and placebo, with an injection
volume of 1 mi/kg. FF was also administered in combination
with tranylcypromine (TCP 20 mg/kg, dissolved in saline,
source: Sigma), an inhibitor of monoamine oxydase (MAOI),
to induce the ‘‘serotonergic syndrome’ [12]. In a separate
experiment, as a test for the possibility that taste aversion
may affect the results of this study, lithium chloride (LiCl,
Matheson, Coleman and Bell), a drug known to induce taste
aversion [14], was injected at 3 mEqg/kg.
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FIG. 2. Mean number of visits (+SD) by Reinforced (striped bar)
and non-Reinforced (open bar) rats (n=10) on day 6 (retention test)
as a function of a fenfluramine injection on day 5 and pre-drug re-
sponding on day 4.

All injections were done on day 5 through the intraperito-
neal route, immediately after the learning session, except in
the case of the combination of TCP and FF where the latter
drug was given 30 min after the former drug. After the injec-
tion, the rats were placed in individual cages (as described
above) but, unlike the previous days, they received no food.
This treatment is necessary to ensure that drugged and non-
drugged rats do not consume different amounts of food, thus
creating differential motivation a day later. Day 6, the day of
the retention test, is the same as days 3 and 4. The rats,
deprived of food for 47 hours, were placed one by one in the
box for 4 min (the experimenter being blind as to the drug
treatment any rat received the day before), and the number
of visits to the hole were counted for each rat. The floor of
the box was cleaned after each retention test with warm
water (to reduce and diffuse odor cues). For learning to be
demonstrated, the number of visits by the Reinforced (R)
group must be higher than the number of visits by the non-
Reinforced (non-R) group.

RESULTS AND DISCUSSION

The number of hole visits were recorded on day 4 (pre-
drug exploration) and on day 6 (post-drug retention). The
number of visits on day 4 is regarded as a baseline measure
so that group differences on day 6 may be ascribed to drug
treatments on day 5 and not to sampling error. No group
differences (1-Way ANOVA, p <0.05) were found on day 4 in
any of the experiments. The variances on the day 6 data were
always homogeneous according to the Hartley test ([26] pp.
92-94), so that t-tests (one-tail) were done for all paired
group comparisons. In all experiments, learning was
demonstrated in non-drugged rats by comparing the number
of visits on day 6 of the R group to the non-R group. The R
group always had more visits to the hole than the non-R
group among these non-drugged rats (p<<0.05).

Fenfluramine (FF)

It was found that the post-trial administration of FF at
higher doses decreased the number of visits during the re-
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FIG. 3. Mean number of visits (xSD) by Reinforced (striped bar)
and non-Reinforced (open bar) rats (n=10) on day 6 (retention test)

as a function of a LiCl injection on day 5 and pre-drug responding on
day 4.

tention session for R rats but not for non-R rats. A 2x4
analysis of variance (ANOV A) was performed on the results
of day 6 with 2 reinforcement conditions (reinforcement or
no reinforcement) and 4 dose levels of FF (0, 1, 3 and 10
mg/kg). There were significant effects for the reinforcement
factor, F(1,48)=33.3, p<0.01, the dose factor, F(3,48)=8.7,
p<0.01, and the interaction term, F(3,48)=4.3, p<0.01. As
shown in Fig. 1, FF at 3 mg/kg (1(12)=2.44, p<0.025) and 10
mg/kg (¢(12)=2.66, p <0.01) decreased the number of visits of R
rats compared to placebo.

Among non-R rats, there is no difference between any of
the groups (p>0.05). The same result was found in a separate
experiment with a higher dose (15 mg/kg) of FF, as shown in
Fig. 2, where the FF group again had fewer visits than the
placebo group among R rats (¢(18)=1.85, p<0.05), but not
among non-R rats. Only the low-dose 1 mg/kg FF group
showed results not significantly different from the placebo
group. Within the 3 to 15 mg/kg dosage range, the number of
hole visits by R rats was reduced to the same level as that for
non-R animals, the drug apparently eliminating the learning
produced by reinforcement which can be seen in the placebo
and 1 mg/kg groups.

Lithium (LiCl)

In order to test whether the decrease in visits of R rats
found among drugged animals might be due to taste aversion
to the Noyes pellets given as reinforcement on day 5, LiCl
was injected instead of FF in a different group of rats. A 2x2
ANOVA was performed with 2 reinforcement conditions and
2 dose levels of LiCl (0 and 3 mEqg/kg). There was a signifi-
cant effect for the reinforcement factor, F(1,24)=6.2,
p<0.05, but not for the dose factor, F(1,24)=0, p>0.05, or the
interaction term, F(1,24)=1.0, p>0.05. As shown in Fig. 3,
LiCl at 3 mEqg/kg did not decrease the number of visits of R
rats (£(18)=0.92, p>0.1) or of non-R rats. The failure of LiCl
to decrease the number of visits of R rats suggests that the
decrease found with FF is not due to taste aversion learning.

Tranylcypromine Plus Fenfluramine (TCP + FF)
FF at the highest dose (15 mg/kg), given 30 min after 20
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FIG. 4. Mean number of visits (=SD) by Reinforced (striped bar)
and non-Reinforced (open bar) rats (n=7) on day 6 (retention test) as
a function of drug injections on day 5 and pre-drug responding on
day 4 (either saline or trancypromine, followed by either saline or
fenfluramine 30 min later).

mg/kg of the MAOI tranylcypromine (TCP) produced the
‘“‘serotonergic syndrome’’ (hind limb rigidity, forepaw tread-
ing and Straub tail). These signs, known to be due to in-
creased brain 5-HT activity [12], would have been expected
to be linked to retrograde amnesia. No such amnesic effect,
however, could be demonstrated in the present experiment.
Rats receiving TCP + FF had a significantly smaller number
of hole visits than the C + C control group receiving two
saline injections at 30 min intervals, but this occurred for
both R (#(12)=3.73, p<0.005) and non-R (#(12)=6.61,
p<0.0005) rats. Similar results were found with the TCP + C
groups, which received saline 30 min after TCP. This group
also showed a significant reduction in hole visits in compari-
son to the C + C control group, but again, this occurred
equally for the R animals (¢#(12)=3.73, p<0.005) and the
non-R animals (#(12)=2.37, p<0.025). All rats receiving
TCP, whether jointly with FF or with saline, appeared be-
haviorally depressed during the retention test. They tended
to huddle in the same area of the box and barely moved at all.
There were no lethal effects, however. The general behav-
ioral toxicity of TCP is thus too large to permit detecting any
potential cognitive differences between R and non-R
animals.

A third group shown in Fig. 4, C + FF, received saline
immediately after training and 15 mg/kg FF 30 min later.
Contrary to the results with the same dosage injected im-
mediately after training (Fig. 2), where an amnesic effect was
found, the delayed FF group was not significantly different
from the control group (C + C) either for the R or the non-R
animals. The reinforced animals made significantly more
hole visits than the non-reinforced ones, both in the drug
group and in the control group (p <0.005). This suggests that
there is a time gradient for the learning impairment due to
FF, which is much like the time-gradient effect found for
electroconvulsive shock, a well-known amnesic treatment
[5]. This result also helps to reinforce the hypothesis that the
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FIG. 5. Mean number of visits (+SD) by Reinforced (striped bar)
and non-Reinforced (open bar) rats (n=10) on day 6 (retention test)
as a function of a fluoxetine injection on day 5 and pre-drug respond-
ing on day 4.

effect of FF in our paradigm is retroactive rather than proact-
ive. Since FF can cause long-term depletion of 5-HT {3,9],
the effect of the drug in our test might have been proactive. If
s0, then the 30 min delay of injection after training should not
have made any difference on the testing session one day
later. The fact that the amnesic effect is eliminated by a 30
minute delay after training suggests, on the contrary, a
time-dependent retrograde effect.

Fluoxetine (FLX)

In order to test whether the apparent amnesic effect of FF
can be generalized to other drugs presumed to increase 5-HT
activity, fluoxetine (FLX) was given in the same paradigm as
before. FLX has been reported to cause inhibition of the
pre-synaptic reuptake of 5-HT but not that of dopamine or
noradrenaline [8,27].

A 2x4 ANOVA was performed with 2 reinforcement
conditions and 4 dose levels of FLX (0, 1, 3 and 10 mg/kg).
There was a significant effect for the reinforcement factor,
F(1,72)=6.8, p<0.01, but not for the dose factor,
F(3,72)=2.9, p<0.05, or the interaction term, F(3,72)=0.8,
p<0.05.

As shown in Fig. 5, the effect of FLX at the two higher
dose levels resembles that of FF. At these two dose levels,
there is no significant difference (p<<0.1) in the number of
visits between R rats and non-R rats, suggesting an effect of
retrograde amnesia, while the control non-drugged animals
continue to show an effect of past training by a significant
difference (p<0.05) between reinforced and non-reinforced
animals. Rats receiving 1 mg/kg of FLX, on the other hand,
were closer to the results of the placebo groups, suggesting
that this dosage was too low to produce significant behav-
ioral effects.

Imipramine (IMI)

As a further test on the generality of these results, imip-
ramine (IMI) was given in the same paradigm. In vitro
studies on rat cerebral tissues have shown that IMI inhibits
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FIG. 6. Mean number of visits (=SD) by Reinforced (striped bar)
and non-Reinforced (open bar) rats (n=10) on day 6 (retention test)
as a function of an imipramine injection on day 5 and pre-drug re-
sponding on day 4.
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FIG. 7. Mean number of visits (=SD) by Reinforced (striped bar)
and non-Reinforced (open bar) rats (n=10) on day 6 (retention test)
as a function of a 5-HTP injection on day S and pre-drug responding
on day 4.

the neuronal reuptake of 5-HT [17,21]. A 2x4 ANOVA was
performed with 2 reinforcement conditions and 4 dose levels
of IMI (0, 1, 3 and 10 mg/kg). There was a significant effect
for the reinforcement factor, F(1,72)=9.3, p<0.01, but not
for the dose factor, F(3,72)=1.0, p>0.05, or the interaction
term, F(3,72)=0.3, p>0.05. No effects of retrograde amnesia
similar to those observed for FF and FLX can be found (Fig.
6). The R rats make significantly more visits than the non-R
rats at 10 mg/kg IMI (¢(18)=2.04, p<0.05) as well as in the
no-drug condition (t(18)=2.10, p<0.025), showing that the
learned response has not been affected by the drug. While
the difference between R and non-R subjects indeed disap-
pears under 1 mg/kg and 3 mg/kg of IMI, this lack of differ-
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ence is due to a slight increase in the number of responses by
non-R animals as compared to the placebo level, rather than
to a decrease in responding by reinforced animals, as would
be expected for an amnesic effect. Although IMI has the
same neuropharmacological effect (reuptake inhibition) re-
garding 5-HT activity as FF and FLX, it differs from these
other two drugs in that it also blocks the reuptake of another
neurotransmitter, norepinephrine [17,21]. The lack of an
amnesic effect for IMI may thus possibly be linked to its lack
of specificity. A similar lack of specificity may also account
for the lack of an amnesic effect in the TCP + FF group
which otherwise exhibited signs of the ‘‘serotonergic syn-
drome.”” How the activation of norepinephrine activity by
IMI interfered with the amnesic effect expected from its in-
crease in 5-HT activity is unclear at this moment.It may be
that, while drugs stimulating the 5-HT system produce am-
nesia, this effect is blocked by increased activity of other
neuropharmacological systems.

5-HTP

In a final experiment, 5-HTP, the metabolic precursor of
5-HT, was administered. Logically, one would expect this
substance to produce behavioral effects analogous to those
of the 5-HT reuptake inhibitors, FF and FLX. The results,
shown in Fig. 7, were inconsistent. A 2x4 ANOVA for 4
dose levels of 5-HTP (0,5,10 and 20 mg/kg) revealed a signifi-
cant effect for the reinforcement factor, F(1,72)=12.0,
p<0.01, but not for the dose factor, F(3,72)=1.0, p>0.05, or
the interaction term, F(3,72)=0.6, p>0.05. It was found that
expected amnesic effects were indeed obtained for two of the
drug groups, in that there was a significant decrease of hole
visits for R rats at 5 mg/kg (£(18)=2.03, p<0.05) and at 20
mg/kg of S-HTP (#(18)=1.92, p<0.05) as compared to
placebo. But no such effect was obtained at 10 mg/kg of
5-HTP. The reason for this non-linear relation is not known.
Sampling error is always a possibility, but seems unlikely in
this case because on day 4 of pre-drug exploration all exper-
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imental groups were closely similar in performance (see Fig.
7). It is possible that the decrease in visits found at 5 and 20
mg/kg is due to different neuropharmacological effects, only
one (or none) of which being due to some 5-HT related func-
tion. But until further experiments are performed with this
drug, all theoretical statements are highly speculative.

In summary, the results of this study show that the spe-
cific 5-HT reuptake inhibitors, FF and FLX, and the 5-HT
precursor 5-HTP are potential amnesic agents. Whether
these drugs produce amnesic effects in other behavioral
tasks remains to be determined. These results, however,
offer support for the hypothesis that the amnesic effect of
intracranial 5-HT is due to the specific activation of 5-HT
neurons [6,25]. This is not inconsistent with the finding that
retrograde amnesia can be caused by electrical stimulation of
dorsal raphe neurons, an effect which is blocked by prior
administration of the tryptophan hydroxylase inhibitor
p-chlorophenylalanine {7].

A parallel may be drawn between the results reported
here and the amnesic effect of electroconvulsive shock [5].
Since it has been shown that shock treatment increases brain
levels of 5-HT [6], one may argue that an increase in 5-HT
activity is responsible for the amnesia. While it is certain that
electroconvulsive shock does not stimulate specifically the
5-HT system alone, it is possible to consider that, in spite of
the general activation of the brain caused by this treatment,
the amnesic effect is at least partially due to an activation of
5-HT neurons. If amnesia as such is due largely to an activa-
tion of 5-HT neurons, then one would predict that drugs
decreasing this activity may prevent the amnesia caused by
electro-shock as well as that caused by drug manipulation.
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