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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 BEHAV 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 (5 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. 

Model of depression Serotonergic receptors 5-Hydroxytryptophan 
Chronic antidepressant treatment Methysergide Mianserin 
Amitriptyline Clomipramine Chlorpromazine Zimelidine 

Postsynaptic 
Desipramine Doxepine Trazodone 

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 [8] 
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-hydroxytryptoohan (5-HTP) induced depres- 
sion model, methyserglde, 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 5-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 5-HTP produced an increase in the level of 
5-HTP, 5-HT and 5-hydroxyindoleacetic acid. Further, in 
vivo experiments using these nerve ending fractions indi- 
cated that 5-HTP caused a release of preloaded 3H-5HT 
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 5-HTP model of depres- 
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FIG. 1. Behavior level as a function of lime following chronic prelreatment with saline, 
methysergide, mianserin OF trazodone to a rat administered 5-HTP while working on a wlriable 
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. 

M E T H O D  

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 
(V1 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 ot 
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 5-HTP. This is based on the observation that there 
is a high correlation between lever pressing activity counls 
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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T A B L E  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 W5 day W12 day 

Saline 34.4 ± 3.7 34.2 ± 7.2 19.2 _+ 6.9 15.2 _+ 4.3 8.2 ± 2.4 7.4 _+ 2.9 
Methysergide 2 34.4 ± 5.2 62.4 ± 13.9 75.4 _+ 12.3t 85.2 _+ 8.75 45.4 +_ 14.6 33.6 _ 13.3 

0.5 37.2 _+ 7.5 34.8 _+ 6.0 22.6 + 6.9 17.8 ± 8.6 8.6 _+ 4.8 9.6 _+ 5.3 
Mianserin 2 34.4 _+ 9.9 57.2 ± 10.1' 58.0 _+ 20.1" 73.6 +_ 13.45. 39.2 +_ 17.7" 18.8 ± 30.6* 

1 19.2 _+ 9.4 34.8 ± 7.9 22.4 _+ 7.2 69.8 +_ 14.75 49.4 ± 15.2" 31.4 ± 6.7t 
Desipramine 5 41.6 _+ 4.5 54.2 + 9.8 39.8 ± 11.5 70.4 ± 15.0" 51.6 +_ 12.5" 65.2 ± 11.5¢ 
Doxepin 5 28.0 ± 9.1 24.2 _+ 4.9 31.8 _+ 5.9 40.6 _+ 11.1" 22.2 ± 8.6* 31.4 ± 13.9~ 

2.5 41.2 ± 6.0 46.(I +_ 6.5 26.8 ± 7.8 29.2 ± 9.6 13.0 _+ 6.0 17.0 _+ 6.4 
lmipramine 5 23.7 ± 8.4 38.8 ± 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 ± 13.3 26.6 ± 7.6 15.4 ± 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 33.8 _+ 9.9 22.4 _+ 6.4 29.6 ± 6.2 21.4 ± 8.1 10.8 ± 4.1 
Amitriptyline 10 41.6 ± 9.0 47.6 ± 17.9 28.8 ± 10.7 54.6 ± 13.4" 39.0 +_ 16.5 20.2 ± 11.1 

5 45.4 ± 9.4 44.6 ± 14.2 38.4 ± 13.8 37.6 ± 17.9 28.8 _+ 10.3 31.8 ± 14.8 
2.5 43.0 ± 7.9 42.0 ± 8.3 34.4 ± 12.5 34.4 ± 11.5 23.6 _+ 8.9 35.2 ± 11.8 

Clomipramine 5 13.0 ± 3.7 15.2 ± 2.6 4.6 ± 1.1 11.8 ± 6.0 3.8 ± 0.8 3.0 ± 0.3 
Chlorpromazine 2.5 30.6 ± 8.7 24.8 +_ 5.5 25.6 ± 7.1 21.2 ± 4.7 8.8 ± 3.5 6.2 ± 1.1 
Zimelidine 6 35.4 ± 7.5 21.2 _+ 5.5 9.2 ± 2.1 13.0 _+ 4.3 8.0 +_ 2.4 6.4 ± 2.1 

3 46.6 ± 4.4 29.8 _+ 3.0 32.6 _+ 9.9 28.4 _+ 9.9 25.0 _+ 9.2 21.6 _+ 8.5 

The numbers indicate the behavior level (mean _+ SE). 
Significant differences from saline control by analysis of covariance *p<(1.05, ~i)<().()1, :!))<0.001. 

The condi t ioning training was also cont inued for 3 periods 
of  30 minutes  per  week after c o m m e n c e m e n t  of  the experi-  
ment .  The training was given during the period from 9:0(/- 
16:00 and the exper iment  was per formed so 5-HTP could be 
adminis tered  be tween  9:30-10:00. To prevent  es tab l i shment  
of  a condi t ioned  reflex to 5-HTP, addit ional inject ions of  the 
vehicle were given to rats once or twice a week during training. 

3. An t idepressan t s  and reference  agents  were  adminis-  
tered intraperi toneal ly for 24 consecu t ive  days.  One,  8 and 
22 days after initiation of  the adminis t ra t ion and 5 and 12 
days  af ter  d iscont inuat ion  of  medicat ion ,  the 5-HTP test was 
pe r fo rmed  to de te rmine  the behavior  level. The drugs and 
doses  employed  were  as follows: an t idepressan ts ,  mianserin 
2, I mg/kg, des ip ramine  5 mg/kg, doxepin  5, 2.5 mg/kg, imip- 
ramine 5, 2.5 mg/kg, t r azodone  10, 5 mg/kg, amitr iptyline 5, 
2.5 mg/kg, c lomipramine  5 mg/kg, zimelidine 6, 3 mg/kg, and 
as re fe rences ,  me thyse rg ide  2, 0.5 mg/kg and chlorpro-  
mazine 2.5 mg/kg. Human clinical doses  of  the ant idepressants  
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 obse rved  im- 
mediate ly  following individual medica t ions  in a chronic  pro- 
cedure ,  drugs were  admin is te red  be tween  16:30-17:00. A 
17-hour interval then e lapsed be tween  the 5-HTP test and the 
medicat ion immedia te ly  before the 5-HTP test.  Further-  
more ,  before and 15 days  after initiation of  chronic  adminis-  
trat ion,  the test was carr ied out using the solvent  vehicle 
only instead of  5-HTP and this test  was used as a control  o f  
behavior  level for each rat, i .e.,  the former  is the control  for 
tes ts  on 0, 1 and 8 days,  and the lat ter  is the control  for tes ts  

on day 22 and withdrawal period. " I  - behavior  level at each 
test/at  con t ro l "  was the index used for 5-HTP induced be- 
havioral depress ion .  

After  dissolution of  5-HTP with 1 N HC1, 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. 5-HTP was adminis te red  using an inter- 
val of  more  than one week  in each case.  Five animals were  
used in each group. 

RESULTS 

5-HTP-induced behavioral  depress ion  was blocked fol- 
lowing chronic  adminis t ra t ion of  methyserg ide  and some 
types  of  an t idepressan ts  (Fig. I, Table 1). The ratio of  de- 
c rease  in behavioral  depress ion  indicated in the tests  for 
each period after initiation of  medicat ion relative to the 
periods of  5-HTP testing before  initiation of  chronic  adminis- 
trat ion in each rat was exp res sed  as percent  b lockade ot 
5-HTP-induced depress ion .  Since a certain increase in be- 
havior  level was obse rved  also in the group chronical ly ad- 
minis tered physiological  saline solution,  this amount  of  in- 
crease  was deduc ted  from the value of  the medicated  group 
beforehand .  Results are shown in Fig. 2. Covar iance  analysis 
was  used for the test  and compar i son  was made be tween  the 
wdue before initiation of  adminis t ra t ion and that on the ap- 
propriate  pos t -adminis t ra t ion  day by using the physiological 
saline group as a control .  For  this calculat ion,  original data 
were  used,  ra ther  than percen tages .  

The effect  of  chronic  adminis t ra t ion of  2 mg/kg ot 
methyserg ide ,  a 5-HT blocker+ f lom a level of  44% after 1 
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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 (41%) for the first time at a ~= 
slightly higher dose (10 mg/kg). Clomipramine (5 mg/kg, 
17%) and zimelidine (6 mg/kg, -6%0, which are considered o_ 
to be specific uptake blockers of 5-HT, showed no significant 
effect. Chlorpromazine (2.5 mg/kg, 6%), a neuroleptic, was ~A 
also ineffective. 

Those chronically administered drugs which displayed a N 
chronic effect showed enhanced effect with continued c.) 
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), 
7=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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mianserin 2 mg/kg, desipramine, doxepine, imipramine, amitriptyline 
and clomipramine 5 mg/kg, trazodone 10 mg/kg, zimelidine 6 mg/kg. 
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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, 3,=0.87, p<0.02, between the behav- 
ioral effect at 3 weeks and the uptake blocking action 17]. 
This effect at 3 weeks also indicates a significant correlation 

~_ ~ 100- 

t..) 

d 

=~ 50" 

y = 0.87 
slope = 14.52 

P < 0.05 

DESIPRAM'I~//MIANSERIN 

I M I P R / ~ I ~  _0 DOXEPIN 

/ oAMITRIPTYLINN 
/O CLOMIPRAMINE 

o ; 
DISPLACEMENT OF HIGH AFFINITY 

[3H}-IMI BINDING IN RAT CEREBRAL 

CORTEX (LOG IC5o, nM) 

FIG. 5. Relationship between percent blockade of 5-HTP induced 
depression by chronic (22 days) administration of comparable clini- 
cal doses (see the legend to Fig. 2) of antidepressants and displace- 
ment of high affinity [ZH]-IMI binding in rat cerebral cortex [13]. 

o = 

J 

c~ 

t.~ 

100- 

50- 

y = 0.82 
slope = 21.30 

P < 0.02 

DESIPRAMINE O 

' ~ ' 
1 3 

IN VITRO INHIBITION CONSTANTS 

OF 5-HT2 RECEPTORS (LOG, nM) 

FIG. 6. Relationship between percent blockade of 5-HTP induced 
depression by chronic (22 days) administration of comparable clini- 
cal doses (see the legend to Fig. 2) of antidepressants and in vitro 
inhibition constants of 5-HTe receptors [7]. 

with lmlpramine (IMI) binding [13] which is considered to be 
strongly associated with uptake block, 3"=0.87, p<0.05 (Fig. 
5). That is to say, the stronger the uptake block, or the 
stronger the complexing with IM1 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], 3'=0.82, p<0.02 
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(Fig. 6). The  eas ie r  the b inding with the  5-HT=, r ecep to r ,  the  
lower  the  behav io ra l  effect  o f  the  drug.  This  p h e n o m e n o n  
can  be u n d e r s t o o d  by cons ide r ing  the  fact  tha t  5 -HT has  
exc i t a to ry  and inh ib i to ry  ac t ion [23,25] and  that  the  5-HT=, 
r e c e p t o r  suggests  an a s soc ia t ion  wi th  exc i t a to ry  ac t ion  [21]. 

Thus ,  some  inh ib i to ry  fac to rs  o f  behav io ra l  effects  of  
a n t i d e p r e s s a n t s  have  been  clarif ied.  As a fac to r  e n h a n c i n g  
the  effect ,  a b locking  ac t ion at  the  pos t synap t i c  r ecep to r s  is 
poss ib le ,  as m e n t i o n e d  above .  It is howeve r ,  sugges ted  that  
5-HT~ recep to r s  can  be d iv ided  into more  than  two c lasses  
[ 10,18]. It mus t  be specif ied wh ich  post  synapt ic  5 -HT recep-  
to r  has  the  main  role in the  act ion.  

It has  been  sugges ted  tha t  the  b locking  ac t ion  appea r s  
soon  a f te r  acute  admin i s t r a t i on  [16,17], but  shor t ly  (by at 
least  17 hou r s  af ter  admin i s t r a t ion )  it d i sappear s ,  as s h o w n  in 
the  p resen t  data .  Wi th  many  an t i dep r e s s an t s ,  it took  more  
than  two weeks  before  the  behav io ra l  effect  b e c a m e  con-  
t inuous  and s table .  Once  it was  e s t ab l i shed ,  many  anti-  

d e p r e s s a n t s  m a i n t a i n e d  the i r  ef fec t  for  a long per iod  of 
t ime af te r  d i scon t inua t ion  of  medica t ion ,  while  me thyse rg ide  
lost  its effect  at an  early stage. This  suggests  tha t  anti-  
d e p r e s s a n t  drugs  p roduce  a compara t i ve ly  long-las t ing effect 
on the  recep tors .  
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