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NOMURA, M. Effects of bifemelane on discrimination learning of serotonergic-dysfunction rats. PHARMACOL BIO-
CHEM BEHAV 42(4) 721-731, 1992, —To investigate the effect of bifemelane hydrochloride on learning achievements of
serotonin-deficient rats, animals were fed with tryptophan-deficient diets and operant type discrimination learning tests were
performed. In general, serotonin-deficient rats show hyperactivity. In this study, total number of responses in reverse learning
experiments was lower in rats that received 50 mg/kg bifemelane compared to the other serotonin-deficient groups. The ratio
of correct responses to the total number of responses revealed low learning achievements in the control and low-dose groups,
whereas the ratio in the high-dose group was nearly the same as in normal rats in the final few sessions of both the primary
and reverse learning experiments. Throughout this study, the high-dose group showed a better improvement in learning
achievement than the low-dose group. Therefore, bifemelane has certain effects on learning achievement from a) the func-
tional activation of the serotonergic nervous system and b) changes in neurotransmitter levels in the brain (e.g., acetylcholine,

noradrenaline) and overall energy metabolism.

Tryptophan-deficient rats Bifemelane hydrochloride
Multiple-variable interval 15-s extinction schedule

Brightness discrimination learning test

CEREBRAL metabolic dysfunction has various causes. One
mechanism causing this dysfunction is due to changes in the
neurotransmitter levels in the brain. Tryptophan, an essential
amino acid, is necessary for the growth and psychological
development of animals. It is metabolized into serotonin,
which is known to be involved in a variety of physiological
functions, for example, sleep (18), eating behaviors (4,9,23),
physical behaviors (8,26), the vascular system (17), and regula-
tion of hormonal secretion (7). In addition, tryptophan de-
rivatives are directly involved in the functional regulation
of neurotransmitter activity in the serotonergic system. The
relationship between serotonin and neuropsychiatric disor-
ders, particularly depression, has also been discussed (7,24,
36).

The cerebral serotonergic system changes when animals are
fed a tryptophan-deficient diet. These animals are quite useful
in investigations on biological functions of serotonin (11,
12,31). It is also reported that rats fed with tryptophan-
deficient diets showed marked impairment in their operant
learning behavior (31,33).

Bifemelane hydrochloride (bifemelane) is reported to have
an effect on the serotonergic system, as well as on the activa-
tion of cerebral acetylcholine and noradrenaline metabolisms
(10,34). In this study, to investigate the effect of bifemelane
on serotonin-deficient rats animals were given tryptophan-
deficient diets and the effects of bifemelane on animals’ be-
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havior were examined by monitoring the operant learning
achievement as an index.

METHOD
Animals

Forty male Wister rats (body weight 30-35 g, Charles River
Japan, Inc., Atsugi, Japan) were divided into four groups
(n = 10), that is, the normal diet group (normal group); the
control group, which received the tryptophan-deficient diet
(control group); an experimental group that received 10 mg/
kg bifemelane in addition to the tryptophan-deficient diet (10-
mg group); and another experimental group that received 50
mg/kg bifemelane in addition to the tryptophan-deficient diet
(50-mg group). The tryptophan-deficient diet, which consisted
mainly of maize, was given to rats from the weaning period (3
weeks after birth) to the completion of this study to create
a serotonin-deficient condition in the brain (12). Bifemelane
hydrochloride (Celeport®) was provided by Eisai Co., Ltd.,
Tokyo, Japan

At the age of 11 weeks, rats were transferred to individual
cages and the quantity of food was reduced for 1 week to
decrease the body weight to 85%. This weight was maintained
throughout the learning experiments (30,43). Rats were al-
lowed free access to water except during the learning experi-
ments, which were conducted every morning for the same time
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period in a Skinner box. The rearing temperature was main-
tained at 22 + 2°C. Lighting was provided from 0700-1900 h
(12 L : 12 D light/dark cycle).

Apparatus

The Skinner box (Ralph Gerbrands, Arlington, MA) di-
mensions were 30 X 28 X 26 cm. The front wall was made
of an aluminum plate, while the walls of the other sides were
acryl resin plates. The floor was a grid of bars (3 mm diame-
ter) with 1-cm intervals. There was a round window (4 cm in
diameter) 10 cm from the floor on the front wall. A light
source was set outside this window to provide bright illumina-
tion (5 x 10* ft-L) and dark illumination (1/1,000 of the
bright illumination) in the box during experiments. Brightness
was changed by inserting a Kodak filter (ND 4.0) between the
light source and the window. A food box was located outside
the box and immediately below the window. The lever (3 x 2
cm) was located below the window in the box, 2 cm from the
floor level on the right side of the front wall (2 cm from the
right corner). When the rat pressed this lever, a feed pellet (45
mg) was supplied from the food box to the floor inside the
Skinner box through a dispenser. The number of supplied
feed pellet within certain time periods was controlled by this
dispenser.

Controlling of the application of photo stimuli and supply
of feed pellets and recording of response numbers were han-
died by a microcomputer (30). The operant Skinner box was
located in a dark room and the activity of rats was observed
on a TV monitor set in an adjoining control room via a dark-
field video camera set on the ceiling of the box. White noise
(60 dB) was used to mask extraneous noises in the laboratory.

Procedure

Preparation. Before starting the discrimination learning
experiments, the rat was placed in a Skinner box and given
five feed pellets when it came close to the lever. The rat at
first recognized the location of lever. Then, the investigator
gave feed pellets when the rat pressed the lever. In these ways,
the rat learned how to get the pellets. This practice was contin-
ued for a maximum of 7 days or until the rat was able to
get 40 pellets within 4 min by pressing the lever. After that,
continuous reinforcement (CRF) of learning practices to get
40 pellets was conducted by changing the rate of pellet supply
from one pellet in 5-s variable intervals (VI 5 s) on the first
day to one pellet in VI 10 s on the next day. This experiment
applied VI 15s.

Primary learning. Brighter illumination (S+) and darker
illumination (S —), both for 20 s, were each provided 20 times
in accordance with the Gellermann series (5,15) with a 5-s
interval without lighting. A pellet was supplied at the rate of
VI 15 s when the rat pressed the lever during the S+ period,
and no pellet was supplied when the rat pressed the lever
during the S— period. This experiment was conducted once
daily in the morning for 30 consecutive days. The number of
lever-pressing responses during the S+ period was counted as
the number of positive response (R+), and that during the
S — period was counted as the negative response (R —) (43).
Discrimination learning performance was evaluated in terms
of the ratio of R+ to the total number of responses (R + plus
R -), that is,

R+

——(R+) T RO x 100.
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Reversal learning. Following the 30-day primary learning pe-
riod, the learning task was reversed: No pellet was supplied in
the S+ period (R —), whereas pellets were supplied in the S —
period (R +). This learning process was also continued for 30
consecutive days.

ANALYSES

Learning achievements were expressed by the mean + SE
for each group. Statistical analyses of data using analysis of
variance (ANOVA) were first conducted to determine whether
or not there were significant differences in data obtained for
all four groups and for the performance of rats during the
30-day experiment period. Details of this method are not ex-
plained here but, briefly, it is a function of the N-1 group and
the total number of rats minus number of groups. ANOVA
was used to observe how widely the data varied. For example,
we set up four groups for this study with each group consisting
of 10 rats. Therefore, the function can be expressed as F(3,
36) for analysis of group differences, F(29, 1044) for analysis
of session effect, and F(87, 1044) to monitor interaction be-
tween group and day factors. After performing ANOVA, the
obtained figure was compared to the analytical table to deter-
mine its confidence interval, p value. When the value was
p < 0.05 or resulted in a significant difference, we determined
whether or not there were any statistical differences between
any two groups using the Games-Howell posthoc test (G-
H tests) (14). Significant differences in specific session dates
between any two groups were also analyzed using Student’s
I-test.

RESULTS

Primary Learning Experiments

Normal group. Results are summarized in Fig. 1A. In-
creasing R+ and decreasing R — were already obvious by day
6. The average number of R+ was 81 on day 1, which in-
creased to 262 on the final day of the primary learning experi-
ment (day 30). R — on day | was 74, almost the same number
as R+, and it decreased progressively to 48 on day 30. As a
result, the total number of response (R + plus R —) per session
did not change much after day §, that is, it was between 280~
310. The ratio of R + to the total number of responses reached
80% on day 16 (Fig. 1A, lower).

Control group. The average number of R + increased sig-
nificantly from 100 on day 1 to 345 on day 30. On the other
hand, the average number of R — increased until day 10, re-
turned to the original level on day 20, and then slightly de-
creased. Even though the total response number in a session
increased from 200 to about 450 (Fig. 1B), the ratio of R+ to
the total number never reached 80% during the study period.

10-mg group. Results are shown in Fig. 2A. The R+ in-
creased as experiments were repeated, that is, from 95 on day
1 to 355 on day 30. These numbers were nearly the same as
those in the control group. On the other hand, the R— (109
on day 1) increased up to day 11, returned to the initial level
on day 22, and remained around this level up to day 30. The
ratios of the R+ to the total number of responses are shown
in the lower part of Fig. 2A: The slope decreased after day
23, and the ratio reached 80% on day 28.

50-mg group. Results are shown in Fig. 2B. The R+ in-
creased from 98 on day 1 to 390 on day 30. The R— was 110
on day 1 and increased up to day 10. It remained higher than
the initial level up to day 20. The R~ was lower than the
initial level on day 24 and then decreased to 70 on day 30.
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FIG. 1. Results of the discrimination learning tests for rats pressing a level to obtain food delivered in multiple-variable intervals of 15 s (VI
15). (A) Data for 10 rats fed with a normal diet; (B) data for another group of 10 rats fed a tryptophan-deficient diet. All rats were trained to
distinguish light periods (S +, 20 s) from dark periods (S—, 20 s). The responses for pressing the level in the S+ periods were reinforced in the
preparation courses. R + represents the number of responses during the S+ periods (mean + SE) and R - represents the number of responses
during the S— periods (mean + SE). In the preparatory learning courses, R+ was reinforced using the VI 15 schedule but R— was not
reinforced (extinction schedule). Lighting during the S+ period was 1,000 times brighter than in the S— period. Each S+ or S— period was
repeated following the Gellermann sequence 20 times in a session. The percentages of correct responses (R +) to total number of responses (R +
plus R —) are shown on the lower part of each figure.
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FIG. 2. Results of the discrimination learning tests for rats pressing a lever for food in the VI 15 schedule. Rats were fed a tryptophan-deficient
diet. (A) Data on rats that received befemelane hydrochloride 10 mg/kg; (B) data on other rats that received befemelane hydrochloride 50 mg/
kg. All other experimental conditions were the same as described in Fig. 1.
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The total number of responses increased steadily up to day 19
(80%) and was higher than 80% after day 24.

Reversal Learning Experiments

Normal group. Figure 3A summarizes the results. The R+
was low immediately after the completion of the primary
learning experiments. It increased from 110 on day 1 to 194
on day 10 and 266 on day 30. On the other hand, the R —de-
creased from 273 on day 1 to 58 on day 30. The numbers of
the R+ and R- reversed on day 7. The total number of
responses reflected the decreased number of the R —, and de-
creased from 383 on day 1 to 320 on day 30. It could be said
that rats clearly distinguished the different learning practices
from around day 13. The ratio of the R+ to the total number
of responses sharply increased from 28% on day 1 and ex-
ceeded 80% on day 26.

Control group. The results are summarized in Fig. 3B. The
R+ increased abruptly during the first 10 days, and then re-
mained between 300-350. On the other hand, the R — showed
continuous decreases, from 400 on day 1 to 125 on day 26.
The ratio of the R+ to the total number of responses in-
creased sharply up to day 10 but thereafter increased by a
slower rate. As a result, it reached only 73% on day 30.

10-mg group. Figure 4A shows the results. The R+ in-
creased in the same way as the control group, and the levels
remained at around 300-350 after day 10. On the other hand,
the R — decreased constantly from 380 on day 1 to 120 on day
30. The ratio of R+ to the total number of responses never
reached 80% during this study period.

50-mg group. Figure 4B shows the results. The increases
of the R+ were similar to the control and 10-mg groups.
However, the R — decreased more sharply than the control
and 10-mg groups for the first 4 days. The R — changed from
396 on day 1 to 86 on day 30. The ratio of R+ to the total
number of responses also showed steeper increases for the
first 4 days, and reached 80% on day 28.

Analyses of the Curves

Changes in R+ among groups.

Primary learning experiments. In the normal group, there
were four stages in the learning experiments: The first 6 days
showed steep increases in the slope. After a period when it
became stable, it started to increase sharply, but then later
only increased slowly. On the other hand, the control and
10-mg groups had two stages of learning: a steeper slope for
the first 10-13 days and slower increases for the rest of the
period. It is interesting to see that the 50-mg and normal
groups showed four stages. The higher activity in the 50-mg
group as compared to the normal group reflected the trypto-
phan-deficient conditions in the 50-mg group.

ANOVA showed that there were significant differences
among the groups, F(3, 36) = 3.030, p < 0.05. When AN-
OVA was performed to determine differences in the R+ re-
sponses during a 30-day period, it was F(29, 1044) = 92.556,
p < 0.001, showing that rats’ performances were significantly
different as the number of sessions increased. When ANOVA
was performed to analyze interactions of these two factors
(group and day), the results were F(87, 1044) = 2.133, p <
0.001. In short, we can conclude that there were significant
differences among the groups and as the number of sessions
increased.
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G-H tests among the groups revealed that rats of the nor-

mal group made more R+ responses than all other groups
@ < 0.05).
Reverse learning experiments. The R + increased sharply for
the first 6-8 days and then slowly increased for the rest of the
period in all groups. There were no extreme differences in the
shapes of the slopes among the groups.

ANOVA for the R+ data in the reverse learning experi-
ments showed no significant overall group difference, F(3,
36) = 2.138, p > 0.05. However, results obtained on the
training day revealed that there was a significant difference in
rats’ performance as the number of sessions increased, F(29,
1044) = 43.526, p < 0.01. When interactions of these two
factors (group and day) were analyzed, ANOVA showed no
significant overall differences, F(87, 1044) = 0.914, p >
0.05. Since there were no significant differences in overall
data, G-H tests for any two groups were not performed.

Changes in R- among groups.

Primary learning experiments. The pattern of curves in each
group was almost the same: R — increased for the first few
days, became stable, and then decreased. The first increasing
period was longer in the control and 10-mg groups (7-10
days), whereas it was shorter in the normal and 50-mg groups
(about 5 days).

ANOVA on R — data showed there was a significant over-
all group difference, F(3, 36) = 4.266, p < 0.05, as well as a
significant difference in performance as the session number
increased, F(29, 1044) = 25.505, p < 0.001. However, when
these two factors (group and day) were considered no signifi-
cant interaction was observed, F(87, 1044) = 1.250, p >
0.0s.

G-H tests revealed that the number of R — in the normal

group was lower than the other groups (p < 0.05).
Reverse learning experiment. The R — decreased sharply for
the first 5-8 days and then slowed in all groups during the rest
of the study period. There were no extreme differences in the
shapes of the slopes among the groups except for the normal
group, in which the curve started at 300. In the other groups,
it started at around 400. On day 30, the R— number was
higher than 100 in the control and 10-mg groups, while it was
lower than 100 in the 50-mg group.

ANOVA on the R - data obtained from the reverse learn-
ing experiment showed that there was no significant overall
group difference, F(3, 36) = 2.758, p > 0.05, even though
there was a significant difference as the number of sessions
increased, F(29, 1044) = 78.819, p < 0.001. There was no
significant interaction between the two factors (group and
day), F(87, 1044) = 0.615, p > 0.05. Therefore, the G-H
tests were not conducted.

Changes of the R+ ratios in the total number of responses
among groups
Primary learning experiments. In the primary learning period,
the R + ratios were always higher in the normal group than in
the others.

Among the Control, 10-mg, and 50-mg groups, the control
and 10-mg groups had almost the same curve slopes, whereas
that of the 50-mg group had a steeper slope and exceeded the
80% level after day 23. In the normal group, the ratio ex-
ceeded 80% after day 17.

ANOVA showed a significant overall group difference for
the R+ ratio, F(3, 36) = 7.879, p < 0.001, as well as for the
training day, F(29, 1044) = 180, p < 0.001. No significant
interaction between the two factors (group and day) was ob-
served, F(87, 1044) = 1.263, p > 0.05. The G-H tests
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FIG. 3. Results of reverse learning tests for rats pressing a lever for food in the VI 15 schedule. (A) Results for rats fed a normal diet; (B)
results for rats fed a tryptophane-deficient diet. In this reverse learning test, rats were able to get food pellets when pressing the lever in the S —
period. All other conditions were the same as described in Fig. 1.
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FIG. 4. Results of the reverse discrimination learning tests for rats receiving bifemelane hydrochloride 10 mg/kg (A) or 50 mg/kg (B). Rats
were fed tryptophan-deficient diets. The other conditions of the tests were the same as described in Fig. 1.
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showed that the R+ ratio was significantly higher in the nor-
mal group than in the others (p < 0.05), and the ratio of the
50-mg group was also significantly higher than the control
group (p < 0.05). We also calculated the difference in the
R+ ratio for each session in the primary learning tests for the
50-mg and control groups (Fig. 5). As a result, significant
differences of p < 0.05 were constantly obtained for the ex-
periments after day 25.
Reverse learning experiments. In the period of reverse learn-
ing experiments, the R + ratio was always higher in the normal
group compared to the others (Fig. 6). Among the control,
10-mg, and 50-mg groups, the control and 10-mg groups had
almost the same curve slopes, whereas the slope of the 50-mg
group was steeper and reached the level of 80% after day 28.
ANOVA on the R+ ratio data from the reverse learning
experiments showed no significant overall group difference,
F(3, 36) = 0.353, p > 0.05. However, there was a significant
difference as the number of sessions increased, F(29, 1044)
= 197.29, p < 0.001, and also for the interaction between
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the two factors (group and day), F(87, 1044) = 1.504, p <
0.01.

Changes of total number of responses.
Primary learning experiments. There was a significant differ-
ence in the total number of responses among the groups. The
normal group had the lowest numbers of the four groups.

ANOVA on the total number of responses showed a signif-
icant overall group difference, F(3, 36) = 3.676, p < 0.05,
as well as a significant difference as the number of sessions
increased, F(29, 1044) = 34.030, p < 0.001. ANOVA also
showed a significant interaction between the two factors
(group and day), F(87, 1044) = 1.518, p < 0.05. The G-H
tests showed that the number of total responses was signifi-
cantly lower than the other groups (p < 0.05), and the num-
ber of the control group was significantly higher than the
50-mg group.
Reversal learning experiments. There was a significant differ-
ence in the total number of responses among the groups, of
which the normal group had the lowest number.
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FIG. 5. Ratio of correct responses in the primary learning tests using the VI 15 schedule on the
control group (tryptophan-deficient diet only) and 50-mg group (tryptophan-deficient diet +

bifemelane hydrochloride 50 mg/kg).
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FIG. 6. Ratio of correct responses in the reverse learning tests using the VI 15 schedule
on the control group (tryptophan-deficient diet only) and 50-mg group (tryptophan-
deficient diet + bifemelane hydrochloride 50 mg/kg).

ANOVA on the total response numbers obtained from re-
verse learning experiments showed no significant group differ-
ences, F(3, 36) = 2.711, p > 0.05. However, there was a
significant difference as the number of sessions increased,
F(29, 1044) = 7.803, p < 0.01. There was no significant
interaction between group and day, F(87, 1044) = 0.516,
p > 0.05.

DISCUSSION

The nature of serotonin involvement in neurofunction can
be investigated by preparing animals that have different intra-
cerebral serotonin content and observing the corresponding
changes in their behavior. However, if the raphe nuclei, which
are regarded as the central nuclear sites of the serotonergic
system, are destroyed animals show different behaviors when
they receive administration of such substances as p-
chlorophenylalamine (PCPA), 5,6-dihydroxytryptamine, or
5,7-dihydroxytryptamine. For example, in one-way avoidance
behavior tests responses such as rod-climbing and jumping
onto a platform were delayed in animals with destroyed raphe
nuclei (6), although these responses tended to be enhanced by

the administration of PCPA (29,42). However, animals with
destroyed raphe nuclei showed higher levels of activity when
they were placed in a new environment (40,41), and they
started to move actively with a delay (50 min after transfer to
the new environment) when PCPA was administered. In this
way, when raphe nuclei were destroyed no common effects of
such substances as PCPA on behavior have been determined
(13), and it is difficult to evaluate the results from experiments
using such rats.

To date, no investigators have studied the relationships
between serotonergic neurons and memory or learning behav-
ior. In this study, experiments were designed to study the
relationships between serotonin and learning behavior and the
effect of bifemelane on learning achievements in serotonin-
deficient rats (which were reared on a tryptophan-deficient
diet). It is known that cerebral serotonin and 5-hydroxyindole
acetic acid (5-HIAA) levels in these animals are less than 70%
of the levels in normal rats (1,31,33). The raphe nuclei are not
damaged by a tryptophan-deficient diet.

Changes in animal behavior are commonly investigated ei-
ther by operant type positive reinforcement learning tasks
(32,35) or negative reinforcement learning tasks (2,38,44). In
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the positive learning tasks, the responses of animals are stud-
ied under natural conditions, and these responses can be re-
garded as showing the pure responses of animals (25,30,46).
These are useful in studying inherent behavioral patterns. On
the other hand, in the negative tasks the behavior of animals is
observed by applying such negative tasks as electrical shocks.
Therefore, observation of inherent behavioral patterns is
rather difficult even though serotonin is believed to be inti-
mately related to algesthesia (27,45). Escape or avoidance be-
havior experiments are relatively easy to conduct, require no
training of animals (2,22), for example, lever pressing, and as
a result are widely used in investigations (16,20,26). However,
the interpretation of those results is also very difficult. We
must note that these experiments need to be conducted and
analyzed with extreme caution because the results differ
greatly according to the types of learning tasks (25,37). In this
study, positive learning tasks were given to serotonin-deficient
rats to investigate the effect of bifemelane hydrochloride on
learning behavior and also to consider the effect of bifemelane
on the serotonin system in the brain. In positive learning ex-
periments, differences in the results can be regarded as show-
ing true differences among groups (22,25).

The overall comparison with the normal group (animals
that received normal diets) and other animals that received
tryptophan-deficient diets showed higher levels of activities in
the latter group. It is quite natural that decreased serotonin
levels lead to suppression of serotonergic neurons, and as a
result test animals showed higher activity levels. If bifemelane
acts on the serotonin system, the activity of serotonin-
deficient rats would be lower. In the reverse learning experi-
ments, the total number of responses in the 50-mg group was
lower than that of the control group, while the primary learn-
ing experiment did not show any differences (3). Therefore, it
could be said that bifemelane has some effect on the serotonin
system of serotonin-deficient rats even though the impact
would be limited.

In terms of the ratio of correct responses (R +) to the total
number of responses (R+ plus R—), the control and 10-mg
groups clearly showed lower learning achievements as com-
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pared to the normal group, whereas the ratios in the 50-mg
group were almost the same as in the normal group in the
final few sessions. Significant differences were obtained for
individual sessions between the control and 50-mg groups
(Fig. 5). Therefore, a high dose of bifemelane was evaluated
to be effective in improving learning achievements of seroto-
nin-deficient rats.

Recent studies using rats with cerebral ischemia (28,39,47)
and cerebral infarction (21), as well as quantitative biochemi-
cal assays of active substances in the brain (19,34), indicated
the importance of serotonin in cerebral functions. In this
study, the control, 10-mg, and 50-mg groups could be re-
garded as having the same physical conditions, including the
cerebral serotonin levels, because rats were reared and fed
under identical conditions. In other words, the cerebral sero-
tonin levels, acetylcholine metabolisms, monoaminergic sys-
tems, and other neurotransmitters of these three groups are
considered to be the same (1,13).

What is the mechanism of bifemelane in improving learn-
ing achievements in these rats? Bifemelane is believed to im-
prove cerebral noradrenaline metabolic turnover (10), pro-
mote recovery in gerbils from cerebral serotonin metabolic
impairment caused by ischemia associated with cerebral in-
farction (10,34,39), and prevent as well as aid in recovery
from acetylcholine depletion (10,34,39). It is also known that
bifemelane improves the cerebral energy metabolism and en-
hances cerebral serotonin metabolism (34). Therefore, in con-
sidering the results of this study the effect of bifemelane on
learning achievement could have resulted from a) the func-
tional activation of the serotonergic nervous system and b) by
changes in acetylcholine levels, noradrenaline turnover, and/
or overall energy metabolism in the brain. In this study, defi-
nite conclusions cannot be stated as the levels of neurotrans-
mitters were not measured. However, it is interesting to note
that the 50-mg group showed a better improvement in learning
achievement than the 10-mg group, and the level of activity
was lower in the 50-mg group than in the other serotonin-
deficient groups.

REFERENCES

1. Altman, H. J.; Stone, W. S_; Ogren, S. O. Evidence for a possible
functional interaction between serotonergic and cholinergic mech-
anism in memory retrieval. Behav. Neural. Biol. 48:49-62; 1987.

2. Asin, K. E.; Fibiger, H. C. Force requirements in lever pressing
and responding after haloperidol. Pharmacol. Biochem. Behav.
20:323-326; 1984.

3. Bartus, R. T.; Dean, R. L.; Fleming, D. L. Aging in the rhesus
monkey: Effects on visual discrimination learning and reversal
learning. J. Gerontol. 34:209-219; 1979.

4. Blundell, J. E. Is there a role for serotonin in feeding? Int. J.
Obesity 1:15-42; 1977.

S. Brady, K.; Brown, J. W.; Thurmond, J. B. Behavioral and neu-
rochemical effects of dietary tyrosine in young aged mice follow-
ing cold-swim stress. Pharmacol. Biochem. Behav. 12:667-674;
1980.

6. Brody, J. F., Jr. Behavioral effects of serotonin depletion and
p-chlorophenylalanine (a serotonin depletor) in rats. Psychophar-
macologia 17:14-33; 1970.

7. Clemens, J. A. Effects of serotonin neurotoxins on pituitary hor-
mone release. Ann. NY Acad. Sci. 305:399-410; 1987.

8. Coppen, A. The biochemistry of affective disorders. Br. J. Psy-
chiatry 113:1237-1264; 1967.

9. Coscina, D. V.; Grant, L. D.; Balagura, S.; Grossman, S. P.

Hyperdipsia after serotonin depleting midbrain lesions. Nature
New Biol. 235:63-64; 1972,

10. Egawa, M.; Mitsuka, M.; Umezu, K.; Tobe, A. Effects of 4-(o-
benzylphenoxy)-N-methylbutylamine hydrochloride on survival
time and brain monoamine levels in bilaterally carotid-artery-
litigated gerbils. Jpn. J. Pharmacol. 34:363-365; 1984.

11. Fernstrom, J. D.; Lytle, L. D. Corn malnutrition, brain serotonin
and behavior. Nutr. Rev. 34:257-262; 1976.

12. Fernstrom, J. D.; Wurtman, R. J. Effect of chronic corn con-
sumption on serotonin content of rat brain. Nature New Biol.
234:62-64; 1971.

13. Fibiger, H. C. Drugs and reinforcement mechanism: A critical
review of the catecholamine theory. Annu. Rev. Pharmacol. Tox-
icol. 18:37-56; 1978.

14. Games, P. A.; Howell, J. F. Pairwise multiple comparison proce-
dures with unequal n’s and/or variance: A Monte Carlo study. J.
Educ. Stat. 1:113-125; 1976.

15. Gellermann, L. W. Chance orders of alternating stimuli in vis-
ual discrimination experiments. J. Gen. Psychol. 42:206-208;
1983.

16. Heffner, T. G.; Seiden, L. S. Synthesis of catecholamines from
H-tyrosin in brain during the performance of operant behavior.
Brain Res. 183:403-419; 1980.



LEARNING AND TRYPTOPHAN-DEFICIENT RAT

17.

18.

19.

20.

21,

22.

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

Houston, D. S.; Vanhoutte, P. M. Serotonin and the vascular
system. Role in health and disease, and implications for therapy.
Drugs 31:149-163; 1986.

Jouvet, M. Biogenic amines and the states of sleep. Science 163:
32-41; 1969.

Kakihana, M.; Yamazaki, N.; Nagaoka, A. Effects of idebenone
(CV-2619) on the concentrations of acetylcholine and choline in
various brain regions of rats with cerebral ischemia. Jpn. J. Phar-
macol. 36:357-363; 1984,

Kantak, K. M.; Hegstrand, L. R.; Whitman, J.; Eicheman, B.
Effects of dietary supplements and a tryptophan-free diet on ag-
gressive behavior in rats. Pharmacol. Biochem. Behav. 12:173-
179; 1980.

Kiyota, Y.; Hamajo, K.; Miyamoto, M.; Nagaoka, A. Effect of
idebenone (CV-2619) on memory impairment observed in passive
avoidance task in rats with cerebral embolization. Jpn. J. Phar-
macol. 37:300-302; 1985.

Kubanis, P.; Zornetzer, S. F. Age-related behavioral and neuro-
biological changes: A review with an emphasis on memory. Be-
hav. Neural Biol. 35:139-146; 1981.

Leibowitz, S. F.; Shor-posner, G. Brain serotonin and eating
behavior. Appetite 7:1-14; 1986.

Lemberger, L.; Fuller, R. W.; Zerbe, R. L. Use of specific seroto-
nin uptake inhibitors as antidepressants. Clin. Neurol. Pharma-
col. 8:299-317; 1985.

Lowy, A. M,; Ingram, D, K.; Olton, D, S.; Waller, S. B.; Rey-
nolds, M. A.; London, E. D. Discrimination learning requiring
different memory components in rats: Age and neurochemical
comparisons. Behav. Neurosci. 99:638-651; 1985.

Lytle, L. D.; Messing, R. B.; Fisher, L.; Phebus, L. Effects of
long-term corn consumption on brain serotonin and the response
to electric shock. Science 190:692-694; 1975.

Messing, R. B.; Pettibone, D. J.; Kaufman, N.; Lytle, L. D.
Behavioral effects of serotonin neurotoxins: An overview. Ann.
NY Acad. Sci. 305:480-496; 1978.

Narumi, S.; Nagai, Y.; Kakihana, M.; Yamazaki, M.; Nagaoka,
A; Nagawa, Y. Effects of idebenone (CV2619) on metabolism of
monoamines, especially serotonin, in the brain of normal rats
and rats with cerebral ischemia. Jpn. J. Pharmacol. 37:235-244;
1985.

Nomura, M. The effects of parachlorophenylalanine on bright-
ness discrimination learning test of operant type. In: Saito, S.;
Yanagita, T., eds. Learning and memory, drugs and reinforcer.
Amsterdam: Excerpta Medica; 1982:119-125.

Nomura, M. Effects of aspartame on schedule controlled behav-
ior in rats. Res. Comm. Psychol. Psychiatry Behav. 9:373-384;
1984.

Nomura, M. Effect of idebenone on brightness discrimination
learning in rats with central serotonergic dysfunction. Jpn. J.
Psychopharmacol. 5:243-249; 1985.

Nomura, M. Effect of nimodipine on brightness discrimination
learning test in Wistar Kyoto and spontaneously hypertensive
rats. Arzneim.-Forwsch./Drug Res. 38:1282-1286; 1988.

33.

34.

3s.

36.

37.

38.

39.

41.

42,

43,

45.

47.

731

Nomura, M.; Ohtsuji, M. The effect of serotonergic nervous sys-
tem on brightness discrimination learning test in tryptophan defi-
cient feeding rats. J. Neurochem. 41(suppl.):104; 1983.

Ogawa, N.; Haba, K.; Yoshikawa, H.; Ono, T.; Mizukawa, K.
Comparison of the effects of bifemelane hydrochloride, idebe-
none and indeloxazine hydrochloride on ischemia induced deple-
tion of brain acetylcholine levels in gerbils. Res. Comm. Chem.
Pathol. Pharmacol. 61:285-288; 1988.

Ogawa, N.; Hirose, Y.; Nomura, M. Biochemical and functional
aspects of neuropeptides and their receptors in aged-rat brain. In:
Yoshida, H., ed. Recent research on neurotransmitter receptors.
Amsterdam: Excerpta Medica; 1986:56-68.

Ogren, S. O.; Holm, A. C.; Hall, H.; Lindberg, U. H. Alo-
proclate, a new selective 5-HT uptake inhibitor with therapeutic
potential in depression and senile dementia. J. Neural. Trans. 59:
265-288; 1984,

Powell, D. A.; Buchanan, S. L.; Nandez, L. L. Age-related
changes in pavlovian conditioning: Central nervous system corre-
lates. Physiol. Behav. 32:609-616; 1984.

Roberts, H. J.; Smart, J. L.; Wearden, J. H. Early life under-
nutrition and operant responding in the rats: The effect of the
reinforcement schedule employed. Physiol. Behav, 28:777-78S5;
1982.

Saito, K.; Honda, S.; Tobe, A.; Yanagiya, I. Effects of bifeme-
lane hydrochloride on acetyicholine levels by scopolamine, hy-
poxia and ischemia in the rats and mongolian gerbils. Jpn. J.
Pharmacol. 38:375-380; 198s.

. Sheard, M. H.; Davis, H. Shock-elicited fighting in rats: Impor-

tance of intershock interval upon the effect of p-
chlorophenylalanine. Brain Res. 111:433-437; 1976.

Srebro, B.; Lorens, S. A. Behavioral effects of selective midbrain
raphe lesions in the rat. Brain Res. 89:303-325; 1975.

Tenen, S. S. The effects of p-chlorophenylalanine, a serotonin
depletor, on a avoidance acquisition, pain sensitivity and related
behavior in the rat. Psychopharmacologia 10:204-219; 1967.
Tsukada, Y.; Nomura, M.; Nagai, K.; Kohsaka, S.; Kawahata,
H.; Ito, M. Matsutani, T. Neurochemical correlates of learning
ability. In: Delgade, J. M. R.; De Feudis, F. V., eds. Behavioral
neurochemistry. New York: Spectrum; 1977:63-84.

. Vachon, Z.; Kitsuikis, A.; Rovesrge, A. G. Chlordiazepoxide,

go-nogo successive discrimination and brain biogenic amines in
cats. Pharmacol. Biochem. Behav. 20:9-22; 1984.

Waldbillig, R. J.; Bartness, T. J.; Stanley, B. G. Increased food
intake, body weight, and adiposity in rats after regional neuro-
chemical depletion of serotonin. J. Comp. Physiol. Psychol. 95:
391-405; 1981.

. Yamazaki, N.; Nomura, M.; Nagaoka, A.; Nagawa, Y. Idebe-

none improves learning and memory impairment induced by cho-
linergic or serotonergic dysfunction in rats. Arch. Gerontol. Geri-
atr. 8:225-239; 1989,

Yamazaki, N.; Take, Y.; Nagaoka, A.; Nagawa, Y. Beneficial
effect of idebenone (CV-2619) on cerebral ischemia-induced am-
nesia in rats. Jpn. J. Pharmacol. 36:349-356; 1984.



