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NAGAYAMA, H., J. AKIYOSHI AND M. TOBO. Action of chronically administered antidepressants on the serotoner-
gic postsynapse in a model of depression. PHARMACOL BIOCHEM BEHAYV 25(4) 805-811, 1986.—A theory of exces-
sive transmission of serotonin (5-HT) in depression has been previously proposed. The purpose of the present study was to
test this theory further by using the model of depression in rats induced by L-5-hydroxytryptophan (5-HTP), the precursor
of 5-HT. The drug effects on 5-HTP (25 mg/kg) induced behavioral depression were tested by chronic administration using
methysergide which is a postsynaptic blocker of 5-HT, or by comparable clinical doses of antidepressant drugs. Methyser-
gide (2 mg/kg) blocked 5-HTP induced depression on days 8 and 22 after initiation of medication by 70% and 83%,
respectively. Among antidepressants, mianserin (2 mg/kg) was the first to produce an effect, displaying a 38% effect as
early as 1 day after the start of medication and having blocking effects of 52% and 72% on days 8 and 22. Desipramine (5
mg/kg), doxepine (5 mg/kg), imipramine (S mg/kg) and trazodone (10 mg/kg) showed no significant effect on days 1 and 8§,
and on day 22, 64, 36, 33 and 32% blocking, respectively. Amitriptyline had an initial effect of 41% at a dose of 10 mg/kg.
Clomipramine (5 mg/kg), zimelidine (6 mg/kg) and chlorpromazine (2.5 mg/kg), which is a neuroleptic, showed no effect.
Considering these results in light of recent data reported on the 5-HT synapse, it was suggested that 5-HTP induced
depression may be induced by excessive transmission of 5-HT and that some antidepressant drugs may produce their effect
by blocking this postsynaptic transmission. Based on these results, the mechanisms of human depression were discussed.
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CONVENTIONAL opinion regarding depression has cen-
tered on intracerebral amine deficiency, as claimed in the
amine theories [9, 14, 26]. According to these amine based
theories, depression is considered to be induced by amine
deficiency in the synaptic cleft and antidepressants produce
their antidepressive effect by blocking uptake and thus in-
creasing the amine level. Recently, however, a number of
results have emerged which appear to contradict these
theories. Specifically, it has been shown that mianserin [§]
and iprindole [24], which have little uptake blocking action,
display antidepressive effects, while on the other hand, co-
caine [22] and FG-4963 [11], which do possess uptake block-
ing action, scarcely show any antidepressive action. Al-
though uptake blocking action is observed from the time
immediately following administration, chronic administra-
tion is required to obtain an antidepressive effect.

A theory was proposed [4-6, 16, 17, 27], contrary to the
conventional theories, that at least in some types of depres-
sion, excessive transmission of intracerebral serotonin
(5-HT) occurs. The present study was undertaken in order to
obtain further evidence for this theory.

In the 5-hydroxytryptophan (5-HTP) induced depres-
sion model, methysergide, a 5-HT blocker and several

antidepressants (mianserin, amitriptyline, imipramine) at a
comparable clinical dose reduced behavioral depression and
promoted normalization of behavior of rats. However,
fluoxetine known to be a specific uptake blocker of 5-HT,
enhanced depression widely [16,17]. The S-HTP induced de-
pression was temporally correlated with an increase of 5-HT
in the telencephalon and diencephalon {1, 3, 19], but not with
changes in catecholamine levels [2]. In nerve endings iso-
lated from these areas of the brain, the effect of such an
administration of S-HTP produced an increase in the level of
S-HTP, 5-HT and S-hydroxyindoleacetic acid. Further, in
vivo experiments using these nerve ending fractions indi-
cated that S-HTP caused a release of preloaded H-SHT
which could be blocked by a decarboxylase inhibitor [15,20].
The results of these studies suggest that behavioral depres-
sion in the present model is induced by excessive 5-HT in the
synaptic cleft and that antidepressant drugs, like methyser-
gide, improve behavior by blocking postsynaptic receptors
of 5-HT. Furthermore, based on line of reasoning, it was
suggested that antidepressants produce their antidepressive
effect by inhibiting excessive 5-HT transmission in human
depression as well [6, 16, 17].

Only one previous study of the S-HTP model of depres-
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methysergide, mianserin or trazodone to a rat administered 5-HTP while working on a variable
interval schedule of milk inforcement. "W’ means days after drug withdrawal.

sion has used chronic administration of antidepressant drugs
[12], despite the consensus that antidepressants produce
their clinical effect through chronic administration. The
present study was therefore performed to clarify the effect of
chronic administration of antidepressants using the 5-HTP
model.

METHOD

Male Wistar rats were used that had been raised in indi-
vidual cages for more than 4 weeks in a semi-sound-proof
room. The room was maintained at 24°C, 50% relative
humidity. Artificial light only was given for 12 hours per day
from 18:00 to 06:00; during the remaining 12 hours, the
animals were kept in complete darkness. Feed was supplied
from 16:00 to 16:30 to maintain body weight within the range
of 280-290 g and water was available ad lib.

For the experiment, the animals were placed in a small
sound-proof room completely isolated from the raising room
and a sound-proof Skinner box was employed. The room
was without light and the temperature and humidity as in the
rearing room were maintained; the experiment was carried
out according to the following protocol.

1. Animals were trained for lever-pressing conditioning
(VI 1) using milk as the reinforcement. When the rat pressed
the lever repeatedly, 0.1 ml of sweetened milk was given

automatically at random at a rate of once per minute. The
number of times the lever was pressed in 10 minute periods
under this schedule of reinforcement was used as the index
of activity.

2. The present experiment was performed by using rats
conditioned for the lever-pressing procedure. Ten minutes
after the start of lever-pressing behavior. 25 mg/kg of
L-5-HTP was administered intraperitoneally: the rats were
returned again to the experimental box and the behavior
measured for the following 120 minutes (5-HTP test). As a
result of 5-HTP administration, the level of activity began to
drop within several minutes and the behavior level (normal
behavior 1, complete inhibition 0) was calculated from the
ratio of the levels of activity every 10 minutes after the ad-
ministration to the “‘expected levels of activity™™ of respec-
tive periods. “"Expected levels’™ refer to measurements
without 5-HTP. The behavior response was lowest 20-60
minutes after administration; for convenience the value indi-
cating the greatest effect (the minimum value) was used as
the behavior level. The expected level of activity was calcu-
lated according to a linear equation for each rat each day
using the level of activity in 10 minute period before adminis-
tration of S-HTP. This is based on the observation that there
is a high correlation between lever pressing activity counts
for 10 minutes before and for each 10 minute-period after
administration of the solvent vehicle, y=0.908-0.940, p<0.001.
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TABLE 1
CHANGES OF BEHAVIOR LEVEL BEFORE, DURING AND AFTER CHRONIC ADMINISTRATION (FOR 24 DAYS) OF ANTIDEPRESSANTS,
METHYSERGIDE AND CHLORPROMAZINE
Dose
Drug (mg/kg) Before 1 day 8 day 22 day WS day W12 day
Saline 344 = 3.7 34272 19.2 + 6.9 15.2 + 43 82=+24 7.4 +£29
Methysergide 2 344 £ 5.2 62.4 =+ 13.9 75.4 + 12.3% 85.2 + 8.7% 45.4 + 14.6 33.6 = 133
0.5 372+ 7.5 34.8 + 6.0 226 = 6.9 17.8 = 8.6 8.6 + 4.8 9.6 +53
Mianserin 2 34499 57.2 = 10.1* 58.0 = 20.1* 73.6 = 13.4% 39.2 + 17.7* 18.8 + 30.6*
1 19.2 £ 9.4 348+ 79 224+ 72 69.8 + 14.71 49.4 + 15.2* 31.4 + 6.7F
Desipramine 5 41.6 = 4.5 542 + 9.8 39.8 = 11.5 70.4 = 15.0% 51.6 + 12.5*% 65.2 + 11.5¢
Doxepin S 28.0 = 9.1 242 + 49 31.8+ 59 40.6 = 11.1* 22.2 + 8.6* 31.4 = 13.9¢
2.5 41.2 = 6.0 46.0 = 6.5 268 = 7.8 29.2 + 9.6 13.0 + 6.0 17.0 = 6.4
Imipramine 237 + 8.4 388 + 8.4 21.0 £ 5.0 34.2 + 12.5* 26.6 + 13.3* 47.2 = 18.4
2.5 27.0 = 7.8 25.2 + 10.0 31.8 =133 26.6 = 7.6 154 = 7.1 16.0 = 8.4
Trazodone 10 43.6 = 9.0 36.2 + 12.5 44.6 = 17.6 47.0 = 11.2* 35.0 = 13.2 15.8 £ 6.2
5 26.0 = 5.2 338+ 99 224+ 64 29.6 = 6.2 214 = 8.1 10.8 = 4.1
Amitriptyline 10 41.6 = 9.0 47.6 + 179 28.8 = 10.7 54.6 = 13.4* 39.0 + 16.5 20.2 = 11.1
5 454 +94 44.6 + 14.2 384 = 13.8 37.6 = 17.9 28.8 + 10.3 31.8 = 148
2.5 43079 42.0 = 8.3 344 x 125 344+ 115 23.6 + 8.9 352+ 11.8
Clomipramine 5 13.0 = 3.7 15.2 + 2.6 4.6 = 1.1 11.8 + 6.0 3.8+08 3.0 £ 03
Chlorpromazine 2.5 30.6 = 8.7 248 + 5.5 25.6 = 7.1 21.2 = 4.7 8.8 3.5 6.2 = 1.1
Zimelidine 354 =75 21.2 £ 5.5 9.2 + 2.1 13.0 + 4.3 8.0+ 24 6.4 + 2.1
3 46.6 = 4.4 29.8 + 3.0 32,6 £ 9.9 28.4 +99 250+ 9.2 21.6 = 8.5

The numbers indicate the behavior level (mean + SE).

Significant differences from saline control by analysis of covariance *p <0.05. ¥p<0.01, £p<0.001.

The conditioning training was also continued for 3 periods
of 30 minutes per week after commencement of the experi-
ment. The training was given during the period from 9:00-
16:00 and the experiment was performed so 5-HTP could be
administered between 9:30-10:00. To prevent establishment
of a conditioned reflex to 5-HTP, additional injections of the
vehicle were given to rats once or twice a week during training.

3. Antidepressants and reference agents were adminis-
tered intraperitoneally for 24 consecutive days. One, 8 and
22 days after initiation of the administration and S and 12
days after discontinuation of medication, the 5-HTP test was
performed to determine the behavior level. The drugs and
doses employed were as follows: antidepressants. mianserin
2. 1 mg/kg, desipramine S mg/kg, doxepin 5, 2.5 mg/kg. imip-
ramine S, 2.5 mg/kg, trazodone 10, 5 mg/kg. amitriptyline 3,
2.5 mg/kg, clomipramine 5 mg/kg, zimelidine 6. 3 mg/kg, and
as references, methysergide 2, 0.5 mg/kg and chlorpro-
mazine 2.5 mg/kg. Human clinical doses of the antidepressants
were used except for amitriptyline, for which a supplementary
dose of 10 mg/kg was added.

Physiological saline was given to a control group. In order
to exclude the acute effect which would be observed im-
mediately following individual medications in a chronic pro-
cedure, drugs were administered between 16:30-17:00. A
17-hour interval then elapsed between the 5S-HTP test and the
medication immediately before the S-HTP test. Further-
more, before and 15 days after initiation of chronic adminis-
tration, the test was carried out using the solvent vehicle
only instead of 5-HTP and this test was used as a control of
behavior level for each rat, i.e., the former is the control for
tests on 0, 1 and 8 days, and the latter is the control for tests

on day 22 and withdrawal period. **| — behavior level at each
test/at control”” was the index used for 5-HTP induced be-
havioral depression.

After dissolution of S-HTP with I N HCI, the solution was
adjusted to pH 7.0 with 1 N NaOH and the solution was used
within 20 minutes. Other drugs were dissolved in physiolog-
ical saline solution. S-HTP was administered using an inter-
val of more than one week in each case. Five animals were
used in each group.

RESULTS

5-HTP-induced behavioral depression was blocked fol-
lowing chronic administration of methysergide and some
types of antidepressants (Fig. I, Table 1). The ratio of de-
crease in behavioral depression indicated in the tests for
each period after initiation of medication relative to the
periods of 5-HTP testing before initiation of chronic adminis-
tration in each rat was expressed as percent blockade of
5-HTP-induced depression. Since a certain increase in be-
havior level was observed also in the group chronically ad-
ministered physiological saline solution, this amount of in-
crease was deducted from the value of the medicated group
beforehand. Results are shown in Fig. 2. Covariance analysis
was used for the test and comparison was made between the
value before initiation of administration and that on the ap-
propriate post-administration day by using the physiological
saline group as a control. For this calculation, original data
were used, rather than percentages.

The effect of chronic administration of 2 mg/kg of
methysergide. a 5-HT blocker, from a level of 44% after |
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day to 83% after 22 days occurred. However, as early as 5
days after discontinuing medication, this significant effect
was lost.

Among the antidepressants, clinical doses of mianserin (2
mg/kg, 72%), desipramine (5 mg/kg, 64%), doxepin (5 mg/kg,
36%}), imipramine (5 mg/kg, 33%), and trazodone (10 mg/kg,
32%) showed a significant blocking action at 3 weeks. Ami-
triptyline showed an effect (419:) for the first time at a
slightly higher dose (10 mg/kg). Clomipramine (5 mg/kg,
17%) and zimelidine (6 mg/kg, —6%), which are considered
to be specific uptake blockers of 5-HT, showed no significant
effect. Chlorpromazine (2.5 mg/kg, 6%), a neuroleptic, was
also ineffective.

Those chronically administered drugs which displayed a
chronic effect showed enhanced effect with continued
chronic administration of the drug; for example, the effect
after 22 days was higher than that after 8 days, and the effect
after 8 days was higher than that after 1 day.

A dose response effect was also shown. Significant corre-
lation was observed between the effect on day 1 (acute ad-
ministration) and that on day 22 (chronic administration),
v=0.81, p<0.02 (Fig. 3). After discontinuing drug adminis-
tration, the effect lasted for an unexpectedly long period of
time and many drugs (mianserin, desipramine, doxepin, im-
ipramine) even continued to display significant effects 12
days after discontinuation. This was in contrast to what was
observed for methysergide.
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FIG. 4. Relationship between percent blockade of S-HTP induced
depression by chronic (22 days) administration of comparative clini-
cal doses (see the legend to Fig. 2) of antidepressants and in vitro
inhibition of uptake by acute administration (7].

DISCUSSION

Behavioral depression is used here as a model of human
depression. This seems appropriate since in an analogous
way, antidepressants reversed the behavior toward normal-
ity. It is said that many antidepressants have no effect when
acutely administered but display an effect for the first time
when chronically administered. The fact that many anti-
depressants showed an initial effect only after 3 weeks of
administration in the present model also suggests close
analogy to the clinical situation in depression. It is also im-
portant that the dose given experimentally is similar to that
usually given clinically because in studies carried out with
drugs significantly in excess of the clinical dose, it is possible
that actions other than antidepressive effects are being
measured.

It has been observed that antidepressants exert a 5-HT
postsynaptic receptor blocking action after chronic adminis-
tration. Many kinds of antidepressants displayed blocking
action on 5-HTP-induced depression with a time course simi-
lar to that of methysergide, a postsynaptic blocker of 5-HT.
These data suggest that at least some types of depression
may be induced by excessive transmission of 5-HT at the
synapse, with antidepressants exerting their antidepressive
effect by blocking the excessive transmission postsynapti-
cally. The differences of behavior effect of each drug may be
due to the degree of the relationship with 5-HT systems. It
may be necessary to test whether methysergide has an
antidepressive effect. The results agree with that of the re-
cent paper [12] with trazodone, amitriptyline and mianserin.

It would be interesting to observe the association between
some indicators emphasized in the 5-HT deficiency theory
and the result obtained in our present study. We would
therefore like to make comparisons with data offered from
sources other than ours. As shown in Fig. 4, significant cor-
relation is observed, y=0.87, p<0.02, between the behav-
ioral effect at 3 weeks and the uptake blocking action [7].
This effect at 3 weeks also indicates a significant correlation
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with imipramine (IMI) binding [13] which is considered to be
strongly associated with uptake block, y=0.87, p<0.05 (Fig.
5). That is to say, the stronger the uptake block, or the
stronger the complexing with IMI binding sites, the weaker
the behavioral effect of the drug. The action of increasing
5-HT at the synapse produces a decrease in the behavioral
effect on the model.

A positive, significant correlation is observed between
the effect at 3 weeks and 5-HT, binding [7], y=0.82, p<0.02
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(Fig. 6). The easier the binding with the 5-HT, receptor, the
lower the behavioral effect of the drug. This phenomenon
can be understood by considering the fact that 5-HT has
excitatory and inhibitory action [23,25] and that the 5-HT,
receptor suggests an association with excitatory action [21].

Thus, some inhibitory factors of behavioral effects of
antidepressants have been clarified. As a factor enhancing
the effect, a blocking action at the postsynaptic receptors is
possible, as mentioned above. It is however, suggested that
5-HT, receptors can be divided into more than two classes
[10,18]. It must be specified which postsynaptic 5-HT recep-
tor has the main role in the action.

It has been suggested that the blocking action appears
soon after acute administration [16,17], but shortly (by at
least 17 hours after administration) it disappears, as shown in
the present data. With many antidepressants, it took more
than two weeks before the behavioral effect became con-
tinuous and stable. Once it was established, many anti-

NAGAYAMA, AKIYOSHI AND TOBO

depressants maintained their effect for a long period of
time after discontinuation of medication, while methysergide
lost its effect at an early stage. This suggests that anti-
depressant drugs produce a comparatively long-lasting effect
on the receptors.
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