
2oumu__¢
J. Neural Transmission 46, 85--103 (1979) __g_ll_l_,

"1 (g)by Springer-Verlag 1979 __

Mich. Reevaluation of the Indoleamine Hypothesis of Depression.

Evidence for a Reduction of Functional Activity of Central

5-HT Systems by Antidepressant Drugs
_ex.

S, O.,_gggg_K. Fuxe 2, L. F. Agnati, J. A. Gustafsson 3,
G.Jonsson _, and A. C. Holm t

Department of Pharmacology I, Astra Likemedel AB, S6dert,iljc, Departments of
Histology "_and Chemistry '_,Karolinska Institute, Sto_khuhn, Sweden

With 1 Figure

C'_ Received July 20, 1979

Summary

The effects of antidepressant drugs on central 5-HT receptor activity
were studied in rats and mice. Antidepressant drugs were evaluated for
their ability to displace aH-5-HT and sH-d-LSD from membrane binding
sites in the dorsal neocortex of rats in vitro and for their ability to block
5-HTP and d-LSD induced behavioral effects in mice. The degree of
blockade of head-twitches in mice produced by the antidepressants was
highly correlated with their affinity for aH-d-LS1) binding sites. A number

Sturm as of antidepressant drugs such as amitriptyline, uu_triptyline, mia_erine,
of Neuro- doxepine, nomifensine and dibenzepine appear to possess marked 3-HT
imission", receptor blocking activity at some types of 5-HT receptors in brain. New

antidepressant drugs such as zimelidine, which specifically inhibit 5-HT
reuptake and do not block 5-HT receptor sites, may after chronic treatment

ication o_ also reduce the functional activity of 5-HT systems by producing adaptive
:ohumor=?l changes in postsynaptic 5-HT mechanisms. Thus, a new indoleaminethe areas
ria will be hypothesis of depression is presented: the therapeutic action of anti-

depressant drugs may in part be due to a reduced functional activity of some
hologi_,
_e clir_ =) central 5-HTsystems.
velcom_'O.
especially Introduction

The amine hypothesis of depression postulates that depression is

Ity review due to reduced neuronal transmission at noradrenaline (NA) (Schild-
kraut, 1965; Bunney et al., 1965) or 5-hydroxytryptamine (5-HT)
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(Coppen, 1967; Lapin and Oxenkrug, 1969; van Praag, 1974) unlabelled
synapses in the brain. The early observations that tricyclic anti- of 8H-d-U_
depressants inhibited the neuronal uptake of NA (Glowinski and maximal n
Axelrod, 1964; lversen, 1965; Carlsson et al., 1966) and the sub- 18 pmoles/g
sequent discovery that some of them also inhibited the uptake of 5-HT net weight)
(Ross and Renyi, 1969; Carlsson et al., 1969) suggested that the 1976; Fuxe
therapeutic action of antidepressants was due to an increased avail- from Hill pl
ability of NA or 5-HT at postsynaptic receptor sites (Schildkraut,
1965; Bunney et al., 1965; Coppen, 1967; Lapin and Oxenkrug, 1969;
van Praag, 1974).

However, several findings are difficult to reconcile with this view.
Some antidepressants such as iprindole, doxepine and mianserine C = concern
appear to be very weak inhibitors of NA and 5-HT uptake in vivo The Hill co
(Ross et al., 1971; Leonard, 1974). In addition, two of the most placer_ent cl

were icalcula
commonly used tricyclic antidepressants, amitriptyline and nor- (Their-1950
triptyline were recently found to have a high affinity for _H-d-LSD five r_plicat,
binding sites in tile brain (Fuxe et al., 1977, 1978 a) and also reduced SH-5-HT (1_
central 5-HT activity in a behavioral test. Previous studies have per mlnol)2
shown that imipramine, desipramine, chlorimipramine and mianserine Englamd Nuc
can reduce specific high affinity 8H-d-LSD binding in the rat brain
(Bennett and Aghajanian, 1975; Bennett and Snyder, 1976).
Behavioral studies in the rat have also indicated that mianserine and

doxepit_c are blockers of postsynaptic 5-HT receptors (Maj et al., Stwdies o_
1978). 5-HT precur

In the present paper we have examined the 5-HT receptor blocking d-LSD induct
properties of a number of tricyclic antidepressants having different 5-HT receptc
chemical structures including newly introduced putative anti- Nakarnura ar
depressants of a nontricyclic type. The ability of the tested drugs to twitch_ was 1:

drugs Were in
displace specifically bound :IH-5-HT and :_H-d-LSD and to block a and d-LSD i_
behavioral response (head-twitches) induced by 5-hydroxytryptophan potentiation
and d-LSD was examined and the results from the two types of 60rain before
experiments were correlated, response was t

blockade. Ther
with the mon,

Material and Methods 60rainibefore
(0.5 mg/[kgs.c._

Binding Experiments twitches; The :
assessed by tes

Male Sprague-Dawley rats (150--200 g) and male albino mice (NMRI 60 rain at_er th.

strain, 18--22 g) were used. The studies on specific SH-5-HT and 3H-d-LSD analysis(Finne
binding were performed in vitro in the dorsal neocortex of rats. The The Spearman
procedure was the same as that described by Bennett and Snyder (1976). Similarities be
Specific binding was defined as the difference between the total counts in dendrogram ba
the absence of unlabelled ligand and the counts obtained in presence of 1963).

7::"
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Praag, 1974) unlabelled d-LSI) (1/tM) or u*dabelled 5-HT (10/IM). Saturation analysis
ricyclic anti- of aH-d-LSD binding revealed that the dissociation constants and the
lowinski and maximal number of binding sites for :IH-5-HT (Ko = 10 nM; B ...... ==
and the sub- 18 pmoles/g net weight) and _H-d-LSD (Kl_ = 6 nM; B ...... - 39 pmoles/g

,take of 5-HT net weight) were similar to those previously described (Bennett and Snyder,

sted that the 1976; Fuxe et al., 1977). ICs0, based on 5--6 concentrations, was obtained
from Hill plots. Ki was calculated according to the formula

zreased avail-

(Schildkraut, 1C_0
enkrug, 1969; Ki = C

l+--
Kit

fith this view.

d mianserine C = concentration of the radioactive ligand, Kl_ = dissociation constant.

ptake in vivo The Hill coefficients were also obtained from the Hill plot of the dis-
of the most placement curves and the 95 % confidence intervals of the Hill coefficient

were calculated according to Sen's procedure, a nonparametric methodne and nor-
or aH-d-LSD (Theil, 1950; Sen, 1968). Each experiment was repeated 2--3 times and

- five replicates were made at each concentration. The concentration of
I alsc _luced SH-5-HT (16--17 Ci/mmol) was 5--6 nM and that of 3H-d-LSD (11.4 Ci

studies have per mmol) 2_3 nM. 8H-5-HT and SH-d-LSD were purchased from New

nd mianserine England Nuclear and from Amersham-Searle respectively.
the rat brain

:yder, 1976). Behavioral Experiments
fianserine and

(Maj et al., Studies on 5-HT receptor activity in vivo were performed in mice. The
5-HT precursor 5-hydroxytryptophan (5-HTP) and the 5-HT agonists

eptor blocking d-LSD induce head-twitches in mice which appear to be due to increased

ring different 5-HT receptor activity (Come et al., 1963; Ogren and Ross, 1977;
utative anti- Nakarnura and Fukushima, 1978). Potentiation of 5-HTP induced head-

twitches was performed as described previously (Ogren and Ross, 1977). The
._sted drugs to drugs were injected i.p. 60 min before dl-5-HTP. Blockade of the 5-HTP
tad to block a and d-LSD induced head-twitches were performed in analogy with the
xytryptophan potentiation of 5-HTP (Fuxe et al., 1977). The drugs were injected i.p.
two types of 60 min before 5-HTP and d-LSD. In these experiments a strong behavioral

response was used as a base llne to minimize the possibility of an unspecific
blockade. Therefore, 5-HTP (90 mg/kg i.v.) was given to animals pretreated
with the monoamine oxidase inhibitor l-a-ethyltryptamine (5 mg/kg i.p.,
60 rain before the 5-HTP injection) and a relatively high dose of d-LSD

- (0.5 mg/kg s.c.) was used. This procedure produces a high frequency of head-
twitches. The specificity of the 5-HTP .and d-LSD blockade was further
assessed by testing the blockade of the pinna reflex (Corne et al., 1963)

mice (NMRI 60 mln at_er the i.p. injection of the drugs. ED_l's were calculated by probit
and 3H-d-LSD analysis (Finney, 1952) based on 5--6 dose levels with 10 animals per dose.
: of rats. The The Spearman Rank test (Conover, 1971) was used to test for correlations.
Snyder (1976). Similarities between the tested drugs were analyzed by means of a
total counts in dendrogram based on Sokal and Sheath's procedure (Sokal and Sneatb,
in presence of 1963).

7*
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Compounds cient sign
imipramir

The drugs were dissolved in physiological saline or in distilled water and obtained

injected i.p. in a volume of 10 ml/kg. The following clinically used anti- promazim
depressant drugs representing various chemical structures were tested: (Ki values

Dibenzazepines: imipramine HCI (Ciba-Geigy), desipramine HCI (Ciba- :_H-5-HT

Geigy) and chlorimipramine HCI (Ciba-Geigy); dibenzocycloheptadienes: chlorimipt
amitriptyline HCI (Lundbeck), nortriptyline HCI (Ciba-Geigy) and pro- much high
triptyline HCI (Merck); dibenzoxepine: doxepine HCI (Pfizer); N-
substituted cycloalkylindole: iprindole HC1 (Wyeth): tetrahydroisoquinoline: from 120-
nomlfensine maleate (Hoechst) (Hoffman, 1973); dibenzodiazepine: di- and zimeli
benzepine HCI (H/issle) (Collard et al., 1973); tetracyclic piperazineazepine: Specific 5-
mianserine HCI (Organon) (Vargaftig et al., 1971), Some new types of adrenergic
putative antidepressants were also included, i.e. zimelidine [(Z)-3-(4-bromo- histamine
phenyl)-N,N-dimethyl-3-(3-pyridyl)-allylamine dihydrochlo,'ide mono- the DA re

hydrate] (Astra) and fluoxetine [3-(p-trifluoromethylphenoxy)-N-methyl-3- relation be
phenylpropylamine HCI] (Eli Lilly) which are both potent and selective aH-d-LSD

inhibitors of 5-HT uptake in vivo (Ross et al., 1976; Wong et al., 1975). a_lZimelidine has recently been reported to have an antidepressant action in (T e 2)
man (Coppen et al., 1979; Montgomery et al., 1978). The 5-HT receptor preI}erenti_
blocking agent methergolim. (Farmitalia) (Fuxe et al., 1975) and the between K
neuroleptic drug chlorpromazine HCI (Leo) were included for comparison, binding (r_

Results
All th_

Binding Studies binding sit
and 5-HT

The results are summarized in Table 1. Calculated correlations are trip_yline,

shown in Table 2. The drugs studied have been listed according to nomifensin
their potency to displace specific aH-d-LSD binding in the dorsal neo- actions of !

cortex of the rat. The antidepressants and 5-HT but not d-LSD or moderately

methergoline, displaced d-LSD binding with a Hill coefficient signifi- potency in

cantly different from 1 ranging from 0.16 to 0.71. Doxepine (0.56) fluoxetine
and nomifensine (0.71) had the highest Hill coefficients while (ED_ll
chlorimipramine (0.16) had the lowest. The Ki values showed that pinna retie7

amitriptyline, nortriptyline, mianserine and doxepine had a sub- of amitript

stantial affinity for specific :SH-d-LSD binding (Ki's ranging from 120 _,mol/k
48--550 nM) while dibenzepine, protriptyline, iprindol, fluoxetine Blockad

and zimelidine had a low affinity (Ki's _ 3000 nM). Desipramine, corrdated I
nomifensine and imipramine were moderately active with Ki's significant

ranging from 710--1500 nM. The neuroleptic agent chlorpromazlne d-LSD binc
was potent in displacing :_H-d-LSD (Ki : 110 nM). Many anti- 0.78, p <¢

depressants sudl as nortriptyline, mianserine, doxepine and 0.001). Sud

dibenzepine also displaced :_H-5-HT binding with a Hill coeffi- tested drug
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cient significantly different from 1. Imipranline (0.94) and chlor-
imipramine (0.72) however, had a Hill coefficient similar to that

._dwater and obtained with 5-HT (0.77). Amitriptyline, nortriptyline, chlor-
y used anti- promazine, mianserine, desipramine, nomifensine and doxepine
_sted: (Ki values ranging from 500--1260 nM) had a lower affinity for the
; HCI (Ciba- :_H-5-HT binding site than for the _H-d-LSD binding site. Imipramine,
_heptadienes: chlorimipramine, iprindol and protriptyline on the other hand had a
:y) and pro- much higher affinity for the _H-5-HT binding sites (Ki values ranging'Pfizer); N-
isoquinoline: from 120--490 riM) than for the aH-d-LSD binding sites. Fluoxetine
azepine: di- and zimelidine had a low affinity for the aH-5-HT binding site also.
Lzineazepine: Specific 5-HT and d-LSD binding was only slightly affected by the
Lew types of adrenergic l,i_,_king agent phenoxybenzamine (IC,_ = 3000 nM), the
-3-(4-bromo- histamine H.,-receptor antagonist cimetidine (IC:_J _ 3000 nM) and
ride mono- the DA receptor antagonist haloperidol (ICraJ = 2000 nM). No cor-

N-methyl-3- relation between the Ki values of the tested drugs for displacement of
and selective _H-d-LSD and aH-5-HT binding (r._ = i0.11, n.s.) was found
et al./_-'_75). (Table 2). However, when considering only those drugs whichlnt ac,on in

HT receptor preferentially displaced nH-5-HT, there was a significant correlation
75) and the between Ki values for the displacement of :_H-d-LSD and aH-S-HT
_mparison. binding (r, _ 0.95, p < 0.05).

Behavioral Studies

All the drugs which had a substantial affinity for the d-LSD
binding site were found to block the head-twitches induced by d-LSD
and 5-HTP in mice. In agreement with the binding results, ami-

relations are triptyline, nortriptyline, chlorpromazine, mianserine, doxepine,

tccording to nomifensine and dibenzepine were the most active in blocking the
dorsal neo- actions of 5-HTP and d-LSD. Chlorimipramine and imipramine were

,t d-LSD or moderately active and desipramine and protriptyline had a low

cient signifi- potency in blocking 5-HTP and d-LSD. Zimelidine, iprindol and
epine (0.56) fluoxetine failed to block 5-HTP and d-LSD even in high doses
:ients while (EDr_j> 110ttmol/kg). Most tested compounds did not block the
;howed that pinna reflex in mice in doses up to 150/*mol/kg i.p. with the exception
had a sub- of amitriptyline (ED_ = 90/*mol/kg i.p.) and nortriptyline (EDr,0 =

• -' 120/_mol/kgi.p.).mgln rom
[, fluoxetine Blockade of d-LSD and 5-HTP induced head-twitches were highly

)esipramine, correlated (r._ = 0.96, p < 0.001) (Table 2). There was also a highly
with Ki's significant correlation between the Ki values for displacement of

3rpromazine d-LSD binding and the ED_J values for the inhibition of d-LSD (r, =
Many anti- 0.78, p < 0.005) and 5-HTP induced head-twitches (r._= 0.83, p
iepine and 0.001). Such a correlation was not found between the affinity of the
Hill coeffi- tested drugs for the 5-HT binding site and their ability to block
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d-LSD (r.. = 0.17, n.s.) and 5-HTP induced head-twitches (r> += 0.10,

-_ n.s.). When considering only those drugs which preferentially affected
8 5-HT binding, the correlation between the Ki values for the dis-

i_ placement of aH-5-HT and the ability to blo& d-LSD and 5-HTP
induced head-twitches was 0.72 (n.s.) and 0.78 (n.s.) respectively. In
agreement with the binding results, most antidepressantswere more
potent in antagonizing d-LSD than 5-HTP induced head-twitches.

The behavioral and biochemical results obtained in this study and
resultsderived from the existing literature on the effectsof the tested

-_ drugs on NA and 5-HT uptake did not correlate with tile clinical

"_ doses used for treatment of depression (Table 2). There was also no
- significant correlation between the effects of the tested drugs on NAL2

DENDROGRAM SHOWING SIMILARITY LEVELS

__, AMONG THE TESTED DRUGS

['+- I I I I I I I I I I I I I I

-+ ,% ++++ _ o +o

+ t "
0.80

_,o : 070

_ _, oeo
•_'_ E
"_v

m" _ 0.50
dO "_

t_ 0 0

<+ o ++ L

t°V_

._ ,:_ o3o
" m '+ Fig. 1. The similarity between different types of antidepressant drugs shown by a

.._ dendrogram. The dendrogram was made according to the procedure of Sokal and_ Sheath (1963). The dendrogram is based on the results in Tables 1 and 2. The

_ _ calculated similarity levels between the tested drugs and between the clusters of._ _ _ drugs are shown on the similarity scale. According to this analysis the tested drugs

,_ can be grouped in four groups (see Results)
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and 5-HT and effects on 3H-5-HT and aH-d-LSD binding. The results upon centra
were further analyzed by means of a similarity matrix for the drugs twitches inc
studied (not shown) based on the parameters shown in Tables 1 and 2. activation o

The dendrogram made according to the procedure of Sokal and Sneath 1976; Ogre
summarizes the results (Fig. 1). According to this analysis, the overall Furthermorl

similarity level of the antidepressant drugs is low (0.33, n.s.) and the 5, 7-dihydrc
antidepressants can be grouped as follows (similarity levels within precursors ;
brachets). 1976); The.,

is further un
Group 1. This group consists of amitriptyline and chlorpromazine the DA-rece

(0.81) joined by nomifensine at a similarity level of 0.71. phenoxyben
Group 2. Doxepine, mianserine and nortriptyline (0.76) are joined by cimetidine r,

dibenzepine at a similarity level of 0.73. The first and the very high d

second group form a single cluster at a similarity level of findings). In
0.65. 5-HT recept

Group 3. Imipramine and protriptyline (0.69) are joined by iprindol very low dc
et al., 1978,

and desipramine at a similarity level of 0.60 and 0.58 uptak_ of 5.respectively. The first three groups form a single cluster at a
similarity level of 0.46. et al., ! 976).

The pres_
Group4. Zimelidine and fluoxetine (0.81) are joined by chlor- commonly u

imipramine at a similarity level of 0.60. activity by
Moreover, tl

5-HTP appe
Discussion relatively wc

Amitrlptylin
The radiolign,ds :*H-5-HT and aH-d-LSD have been used by nomif_nsinel

several groups to evaluate actions of drugs at central postsynaptic higherlaffinit
5-HT receptors (Bennett and Aghajanian, 1975; Bennett and Snyder, cerebr41 corv

1976; Lovell and Freedman, 1976; Fuxe et al., 1977, 1978 a; Bourgoin methergoline.
et al., 1978; Fillion et al., 1978). These studies, based on lesions of signifidantly i
5-HT pathways (Fuxe et al., 1978 b; Azmitia, 1978) and on studies bind tO some

with 5-HT receptor blocking agents (Bennett and Aghajanian, 1975; antagohists aJ
Bennett and Snyder, 1976; Lovell and Freedman, 1976; Bourgoin 1977) i:an di
et al., 1978; Fuxe et al., 1978 b), favor the view that aH-5-HT and (cf. B_rt et

:_H-d-LSD binding sites represent separate sites (see Furchgott, 1978) depressant dr
and that at least some of the aH-d-LSD binding sites are linked to On theicontra
the postsynaptic 5-HT receptors. It must be emphasized again that The rank ord
d-LSD pharmacologically mimics 5-HT in several functional and displace 3H-C
electrophysiological models (And_n et al., 1968; Haigler and Agha- blockade of '
janian, 1974) and seems to be a mixed agonist-antagonist at post- acute _reatm_
synaptic 5-HT rceptor sites (Bennett and Snyder, 1976; Agha)anian occupation o:
and Wang, 1978). Behavioral evidence also indicates that d-LSD acts 5-HT recepto
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7he results upon central 5-HT receptors. A number of studies suggest that head-

=_e drugs twitches induced by d-LSD and high doses of 5-HTP are due to
,_. 1 and 2. activation of postsynaptic 5-HT receptors (Corne et al., 1963; Jacobs,
"-_d Sheath 1976; Ogren and Ross, 1977; Nakamura and Fukushirna, 1978).
:_e overall Furthermore, following destruction of central 5-HT terminals by

s.) and the 5, 7-dihydroxytryptamine, the behavioral responses to 5-HT
:els within precursors and d-LSD are markedly potentiated (Trulson et al.,

1976). The specificity of the head-twitch response for 5-HT receptors
is further underlined by studies with different receptor blo&ers. Thus,

,promazine the DA-receptor blocking agent haloperidol, the --adrenergic blockers
_f0.71. phenoxybenzamine and the histamine H-,-receptor blocking agent

;joined by cimetidine reduced head-twitches induced by 5-HTP and d-LSD in a
'st and the very high dose range indicating a non-specific action (unpublished

:y level of findings). In contrast, drugs such as methergoline which block central
5-HT receptors (Fuxe et al., 1975; Fuxe et al., 1978 c) antagonize in

V ipr/'-_ol very low doses head-twitches induced by d-LSD and 5-HTP (Fuxe
and' _.58 et al., 1978 c) while zimelidine and other inhibitors of the neuronal

uptake of 5-HT potentiate head-twitches induced by 5-HTP (Rossluster at a
et al., 1976).

The present findings taken together indicate that many of the most
by chlor- commonly used antidepressant drugs reduce central 5-HT synaptic

activity by blocking certain types of 5-HT receptors in the brain.
Moreover, the blockade of the head-twitch response to d-LSD or
5-HTP appears not to be due to a non-specific action in view of the
relatively weak blockade of the pinnareflex by the antidepressants.
Amitriptyline, nortriptyline, mianserine, doxepine, desipramine and

used by nomifensine belong to this group of antidepressant drugs which show a

stsynaptic higher affinity for the d-LSD than for the 5-HT binding site in the
td Snyder, cerebral cortex. The observation that these drugs, unlike d-LSD and

Bourgoin methergoline, displace _H-d-LSD binding with a Hill coefficient
lesions of significantly lower than 1 can be explained on the basis that they only
on studies bind to some of the d-LSD binding sites. Thus, both 5-HT receptor

:a,, 1975; antagonists and 5-HT agonists (Bennett and Snyder, 1976; Fuxe et al.,
Bourgoin 1977) can displace aH-d-LSD binding with a low Hill coefficient

i-HT and (cf. Burr et al., 1976). The behavioral studies show that these anti-
_tt, l'--_l) depressant drugs do not potentiate head-twitches induced by 5-HTP.
linkea to On the contrary, they block 5-HTP and d-LSD induced head-twitches.

gain that The rank order of this blockade is highly correlated to the ability to
onal and displace aH-d-LSD from binding sites. Thus, the mechanism for the

nd Agha- blockade of the 5-HTP and d-LSD syndrome observed following
: at post- acute treatment with some antidepressants may partly be due to
gloajanian occupation of some regulatory d-LSD binding sites related to the
.LSD acts 5-HT receptors (see Aghajanian and Wang, 1978).
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Certain antidepressants such as imipramine, chlorimipramine, di- 5-HT in:

benzepine, iprindol and protriptyline primarily displaced '_H-5-HT 1975; Ag
binding in the cerebral cortex and with varying Hill coefficients. The endocrin(
behavioral studies show that dibenzepine did not potentiate but Mendels,
blocked 5-HTP and d-LSD induced head-twitches in relatively low When

doses. Imipramine and chlorimipramine on the other hand potentiated drugs wit
5-HTP in lower doses and blocked 5-HTP and d-LSD induced head- found th

twitches in higher doses. Thus, both the behavioral and biochemical nortripty
results suggest that imipramine and chlorimipramine have both a pre- possess 5
synaptic (5-HT uptake blockade) and postsynaptic action (blockade of those caw

some postsynaptic 5-HT receptors). There is a positive though non- displac/m
significant correlation between the ability of these drugs to block sig_aifican
5-HTP and d-LSD induced head-twitches and to displace :*H-5-HT fotmd in

binding. The trend from the correlation analyses suggest that these (N_gy, 1
drugs, too, may block the head-twitches induced by d-LSD and 5-HTP values ar

via blockade of some 5-HT receptors. It should be pointed out that the values of

K_ values of these drugs for displacement of :_H-5-HT and :_H-d-LSD of_atiem
binding exhibit a significant correlation. Note that imipramine and appears t
chlorimipramine also have a relatively high Hill coefficient (0.72 to not neces

0.94),thusmimicking5-HT in thisrespect, clear wh
The high affinity of iprindol for the 3H-5-HT binding sites in the aut_hors F

cortex was not correlated with any effect on the head-twitch response an_idepre

in mice. Head-twitch behavior, however, appears to be induced by significan
actions on postsynaptic 5-HT mechanisms in the brain stem (Jacobs, measured
1976). A functional model for studies on postsynaptic cortical 5-HT taken as_

receptor mechanisms is not available. It is possible, therefore, that the the high •
observed discrepancy is due to a selective action of iprindol on cortical pharmacc
5-HT receptors. There

In contrast to most antidepressants, the two putative anti- depressan
depressants zimelidine and fluoxetine were shown to potentiate actltely
5-HTP in doses well related to their ability to inhibit 5-HT uptake zimelidin
without any signs of blockade of the head-twitches induced by be resolw

5-HTP and d-LSD. Thus, both these drugs appear to mainly have a central 5.
presynaptic action (i.e. inhibition of 5-HT uptake), istration

In view of these novel fi_dings the indoleamine hypothesis of 14days ir
depression may be modified. Thus, in certain depressive states 5-HT ing sites f
synaptic mechanisms may be relatively overactive (Shaw et al., 1977; finding in,
Fuxe et al., 1977; Fuxe et al., 1978 a) and not as previously suggested tive chanl
underactive (see Introduction). A similar hypothesis has recently been reduction
put forward by Aprison and collaborators based inter alia on studies zimelidin

on animal behavior indicating that increased release of 5-HT results ing long-
in a behaviorally depressive state (Aprison et al., 1978). Such a that in 1

hypothesis is also in line with the present knowledge on the role of changes i_
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_ramine, di- 5-HT ill anxiety, negative reinforcement and punishment (Stein et al.,
d ;_H-5-HT 1975; Aghalanian and Wang, 1978) and tile behavioral and neuro-
ficients. The endocrinological disturbances observed in depression (Carrol and
:entiate but Mendels, 1976; Shaw et al., 1977).
atively low When comparing the 5-HT receptor blocking action of the tested

potentiated drugs with their ability to inhibit 5-HT and NA-uptake in vivo it is
Juced head- found that certain types of antidepressants such as amitriptyline,
biochemical nortriptyline, mianserine, dibenzepine, nomifensine and doxepine
both a pre- possess 5-HT receptor blocking activity in doses near to or below

[blockade of those causing 5-HT and NA uptake inhibition. The Ki values for
hough non- displacement of d-LSD and 5-HT binding could be of therapeutic
gs to block significance since the Ki values are below the concentration range
:e :_H-5-HT found in the rat brain after injection of tricyclic antidepressants
t that these (Nagy, 1977) and mianserine (Kafoe et al., 1976) in rats. The Ki
and 5-HTP values are also in the same order of magnitude as the concentration

out that the values of antidepressants such as amitriptyline present in the plasma
[ ;_H-_ _ SD of patients (Coppen et al., 1978). The observation that chlorpromazine
ramin,, and appears to block some 5-HT receptor sites (low Hill coefficient) does
mt (0.72 to not necessarily contradict the present hypothesis. Although it is not

clear whether chlorpromazine is a specific antidepressant, some

;sites in the authors have reported that chlorpromazine in low doses may show
tch response antidepressant properties (Paykel et al., 1968). The fact that no
induced by significant correlation between any behavioral or biochemical effects
em (Jacobs, measured in this study and clinical potencies were found cannot be
rtical 5-HT taken as a strong argument against the present hypothesis in a view of
_re, that the the high variability in clinical dosage and the complex metabolic and
[on cortical pharmacokinetic behavior of these drugs in man.

There is a seemingly paradoxical situation in that certain anti-
ative anti- depressants such as amitriptyline, nortriptyline, mianserine etc.

potentiate acutely block central 5-HT receptors, whereas others sudl as
HT uptake zimelidine enhance central 5-HT activity. This apparent paradox may
induced by be resolved by studying the chronic effects of such antidepressants on
inly have a central 5-HT mechanisms. It was recently demonstrated that admin-

istration of the 5-HT uptake inhibitor zimelidine for a period of
pothesis of 14 days induced a low affinity binding sitewith a high numberof bind-
_tates 5_HT ing sites for 5-HT in the cerebral cortex of rats (Fuxe et al., 1979). This
_t al., '7; finding indicates that chronic 5-HTuptake inhibition may induce adap-
y suggested tive changes in the postsynaptic 5-HT mechanisms. Furthermore, the
cently been reduction of 5-HT synthesis observed after acute treatment with

on studies zimelidine (Carlsson and Lindqvist, 1978) was not attenuated follow-

-HT results ing long-term treatment (Fuxe et al., 1979). It is therefore possible
'8). Such a that in the chronic treatment situation with zimelidine adaptive
the role of changes in postsynaptic 5-HT mechanisms combined with a reduced
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been supp,
5-HT release could lead to a reduced postsynaptic 5-HT receptor Council a
activity. It therefore seems likely that the 5-HT reuptake blockade Health an,
may be of less importance during chronic treatment. Moreover, it may
be speculated that the acute inhibition of firing rate in 5-HT neurons
(cf. Agba}anian, 1972) exist also following chronic treatment with
drugs preferentially inhibiting 5-HT uptake, an action which may be

important for their antidepressant properties. In a similar way the Aghajania
ability of tryptophan to enhance the antidepressant action of chlor- neuroz
imipramine (Wdlinder et al., 1975) could be related to a further Agbajania
enhancement of tile reduction of firing rate in 5-HT neurons produced seroto:
by chlorimipramine (Aghajanian, 1972). Such mechanisms could in (Liptc

York:
't

part also explain the antidepressant activity of monoamine oxidase AniOn, N
inhibitors. _5-hydt

In view of the present findings it also seems possible to explain the

recent finding that long-term treatment with several tricyclic anti- Apt on,
depressants increase responsivity of rat forebrain neurons to 5-HT _'ecept,
(de Montigny and Aghajanian, 1978). Such changes in postsynaptic _nacoh
5-HT sensitivity could be related to the 5-HT receptor blocking New'_
activity of certain antidepressants as well as to their ability to reduce Azmitia, J
impulse flow in 5-HT neurons and 5-HT release (cf. Agbajanian and Tren&
Wang, 1978). It is also tempting to speculate that the latency of about Bennett, j
3 weeks for development of antidepressant activity in man aRer Possib
treatment of several types of antidepressant drugs could in part be [1975)

Bennett, ,
related to the induction of adaptive changes in 5-HT mechanisms. In bindir
this context it should be pointed out that desipramine and pro- recept
triptyline were found to be weak 5-HT blocking agent while potently Bourgoin,
blocking NA uptake. However, recent findings with desipramine Parad
indicates that this drug can increase 5-HT utilization in very low 5-HT
doses in the cortex cerebri (unpublished findings). Therefore, these 313-
two drugs may also have important actions on 5-HT mechanisms. Bunney,
Taken together, the most prominent actions of antidepressant drugs reactiq
are either to inhibit NA reuptake and/or to affect 5-HT synaptic Butt, D.,nH-do
mechanisms by blocking some 5-HT receptors or via 5-HT uptake membl
inhibition produce a down regulation of 5-HT receptor activity. Buus Lass
Thus, an important requirement for antidepressant action may be to chemic
alter the ratio of NA receptor activity to 5-HT receptor activity in 17G49
the brain. 42, 21
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