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Abstract-Fluoxetine and nine other antidepressant drugs which interact with brain receptors for 
neurotransmitters were studied in vitro using radioligand-binding techniques and transmitter-coupled 
adenylate cyclase assays. Tricyclic antidepressant drugs (desipramine. imipramine. clomipramine. 
amitriptyline and doxepin) had marked affinity for alpha-adrenergic. muscarinic choiinergic and his- 
taminergic H, receptors. and lesser affinity for serotonin and dopaminc receptors. Mianserin was 
relatively similar to some of the tricyclic compounds, whereas trazodone had less affinity for most 
receptors except serotonin and alpha-adrenergic receptors. Fluoxetine had little affinity for anv of these 
receptors, and the same was true for zimelidine and fluvoxamine. two other seleciive inhibitors of 
serotonin uptake. None of the compounds showed much affinity for beta-adrenergic receptors. opiate 
receptors, gamma-aminobutyric acid receptors, or benzodiazepine receptors. The present findings with 
fuoxetine are consistent with the virtual absence of anticholinergic or other side effects often observed 
with tricyclic antidepressant drugs in animal models or during the treatment of depressed patients. 

A specific neuronal uptake process for serotonin 
(5HT) was demonstrated in brain tissues [l-3] and 
found to be localized mainly in the synaptosomal 
fraction of brain homogenates [l. 4,5]. The uptake 
of 5-HT was inhibited by tricyclic antidepressant 
drugs, especially those that are tertiary amines [2. 61. 
and by p-chloroamphetamine [5]. We found fluox- 
etine (LY110140) to be the first selective inhibitor 
of 5HT uptake by synaptosomal preparations from 
rat brain [7, 81. Fluoxetine was effective and selective 
as an inhibitor of brain 5-HT uptake in uivo [8.9] 
and enhanced serotonergic neurotransmission with- 
out affecting catecholamine uptake or catecholam- 
inergic neurotransmission centrally or peripheral11 
[K. l&12]. 

* Author to whom correspondence should be addressed. 

Some antidepressant drugs have affinity for certain 
neurotransmitter receptors. in addition to inhibiting 
monoamine uptake. and these effects might be 
responsible for side effects often observed clinically. 
The present studies compared fluoxetine with other 
antidepressant drugs and found that fluoxetine and 
two other inhibitors of serotonin uptake. zimelidine 
and fluvoxamine. have comparatively little affinity 
for most of the neurotransmitter receptors. 

MATERIAIS AND iVETHODS 

Male Sprague-Dawley rats weighing 11(&1X) g 
were decapitated. Brains were immediately removed 
and dissected into specific brain regions. Calf brains 
from the slaughterhouse were transferred in ice. 
Corpus striatum and cerebellum were dissected from 
brain within 1 hr of death. 

Table 1. Procedure for ‘H-labeled ligand binding 

‘H-Labeled ligand 

‘H-Labeled ligand 
concn 

(nM) Brain tissue 
Protein 

(m&ml 1 

Incubation 
Time Temp 
(min) (“) Kef. 

[‘H]WB4101 
[‘H]Clonidine 
[‘HlDihydroalprenolol 
[“H]Serotonin 
[‘H]Pyrilamine 
[‘HlQuinuclidinyl 

benzilate 
[‘H]Spiperone 
[‘H]Dopamine 
[ ‘H]Naloxone 
[‘HI))-Aminobutyric 

acid 
[‘HlFlunitrazepam 

0.5 Rat cortex 
0.X Rat cortex 
2 Rat cortex 
2 Rat frontal cortex 
2 Rat cortex 

0.2 Rat cortex 
0.5 Bovine striatum 
1 Bovine striatum 
2 Bovine striatum 

2 Bovine cerebellum 
2 Bovine cerebellum 

1287 

0.6 
0.5 

0.4 
0.4 
0.5 

0. 1 
0.2 
0.6 
0.5 

0.4 
0.2 

15 
30 
‘0 
10 
30 

60 
I 0 
10 
15 

70 
40 

20 13 
20 13 
20 II 
37 15. 16 
25 17 

2s 1X 
37 19 
37 19 
25 ‘0 

-l 21 
4 22 



Radioligand binding to I ;rriou\ receptor\ M ah 

examined according to puhlishcd methods (Table I ): 
[‘H~WB~IOI (‘,6-rlimetl~(tx~ph~~~~~~vcth~i~~~ii~i(~- 
methyl-l,il-benzodioxane) and [~~ilcl~~~idi~~c (C‘LO) 
to alpha,- and alphn~-adrenergic receptors rehpec- 
tively [ 131: [‘HJdihydroalpreiioloi (DIiA) to Ma- 
adrenergic receptors [ 141; [?I i IS-hydroxytr) ptaminc 
(S-FIT) to 5-HT receptors [ 15. Ih]: [‘fijpyilamine 
(PYR) to histamincrgic HI receptor\ If7j: ;tncl 
[~_[]3-quinuclidin!:1 brnzilate (QNB) to mu\carinic 
acetylcholinc receptors / 181. Membranes kol;iteti 
from crude synaptosomal fraction\ of rat ccrchr:li 
cortex were used. The binding oi‘ [‘lijdc~paminc 
(DA) and [‘Hlspiperone (SP) to dopamine receptors 
was determined with bovine \triatal memhranc> [ lc)] 
and [lH]naloxone binding to opiate receptors in the 
same tissue [Xi_ \vhile the binding of [%f]gamm;~- 
aminobut~ric acid (GABA) and [ ‘Hlt”iunitr~trep;tm 
(FNT) to receptors of GABA and henzodiazrpine. 
respectively (2 1. 221, was determined Gth bovine 
cerebellar membranes. Under the conditicms a\ 
specified in Table I. the pharmacolopical specificit!, 
of each radioligand binding ws cornpart Gth that 
reported in the literature prior tcr the testing of 
antidepressants in the binding ;t\s:fs. Antii~cI”c‘sntlt 
concentrations which caused 5t?; inhibition of 
radioligand binding (ICC,, \xlue\) wcrc determined in 
at least two scparatc eupcriment5: othcr\+k. 
IC+ .?I S.E. values \vere obtained from thrcr or more 
separate experiments. 

After incubation under the specified conditions 
(Table I), samples in triplicate wcrc scparatcd b> 
filtration through GFB filter5 ok. by cctltrifu~~iti(~ii at 
10.000 g for 10 min and rinsed Jvith cold buffer. 
Radioactivity of the sample \IW measured I~!, liquid 
scintillation spectrometry. Specific binding elf the 
ahove ‘H-labeled ligands was determined by com- 
puting the difference of rndioactivit\, lxx~nci in the 
absence and presence (of n~~tir~~di~,~~ct~~c ligmds: 100 

and 10 @I ~-nore~~in~~hr~ne for [‘~.~lWB~lOl and 

[3H]CL0 binding respectivel) : IO ~&l I-propranolol 
for [‘H]DHA binding; IO ;rM 5-HT for [‘fi]SHT 

binding; 1 I’M pyrilamine for [‘H]PYR binding; 1 !thl 
atropine for [‘H]QNB binding: IO >tM dopamine for 
[‘HIDA binding: I $4 ci-btrtaclamol for [ ‘HjSP bind- 
ing; 1 IIM naltrcsone for {‘ftjnalosone ~~i~~~li~~~: 
1 mM GABA for [ ‘HjGABA binding and 10 ;cYl 
diazepam for [ ‘H]FNT binding. Adcnoiinc .3’.5’- 

cyclic phosphate (c!,clic AMP) formation acti\,ated 
by dopamine or norepinephrinc in mcmbl-:lnc\ of rat 
corpus striatum and cerebral cortex. respcctll et\. 
~3s determined according to the describcct method 

/x3]. 
Uptake of %-lahelrd illoIlo;lllliilc\ b> ‘\ nqxo- 

some5 181 was dctcrmincd as folio\\\. S! naptosonics 
(equivalent to 1 mg protein) from a specific rat hraln 

region were incubated at 17” for 3 min in I OI- 3 ml 

of Krebs bicarbonate medium containing also 10 mM 
glucose. (1.1 mM iproniazid. 1 mbl ascot-k acid. 

0. 17 mM eth~lcne~~i~it~liiic tctraxctic acid (EDTA). 
0.1 pM ‘H-labeled monoamine and \ :irious conccn- 
trations of antidepressant drups in triplicate samplc~. 

The incubation mixtures wcrc immcdiatel!- diluted 
with ? ml of ice-chilled Krcbs hicarbonatc buffcl 
containing 1 mM nonradioactive mon(~itmi~,c hut not 

dopamine. in the cast of dopamine uptake. Svnap- 
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Table 2. Inhibition of monoamine uptake by antidcpressmt drugs in \ynaptr,wmes from 
rat brain regions” 

Antidepressant drug 

Inhibition of monoamine uptake 
..___I_ 

5-HT NE DA 
--_I___ 

tci,, (/tM) 

I<:,, (NE) 
-~ 

I(.‘,,, (S-b-IT) 

Fluoxetinc 0.28 7 6 110 
Zimclidine 0.X 8 1X IO 
Fluvosaminc 0.16 7 UA” 44 
Cl~~rnipr~nline 0.17 2 5.6 17 
Imipramine 11.3 7 2.5 IX 
Amitriptyline 1 0.9 5.7 0.0 
Doxepin 4 3 20 (1.X 
Dcsipramine 7 0.05 16 0.007 

_._._ 

i Synaptosomal preparations from cerebral cortex were incuhatcd at 37” for 3 min in 
Krehs hicarbonate medium also contain;n~ 10 mM glucose. 0. I mM iproniazid. 1 mM 
ascorbic acid. 0.17 mM EDTA and 0.1 @% [‘HjS-HT or f?HjNE. Striatal syrmptosomal 
preparations were used for uptake of 0.1 ,rLvf [‘Hldopaminc: otherwise. conditions were 
similar to above. Other conditions are described in the text. 

+ NA denotes compound not significantly active at a IO ctM concentration. 

binding with zcscr values of 0.21 and 0.25 /rM respec- 
tively. Fluoxetine and two other selective inhibitors 
of S-HT uptake, zimelidine and fluvoxamine. were 
relatively weak inhibitors of [‘H]WB4101 binding, 
having IC~,~ values of 21, 2.3 and 4.5 ,uM respectively. 

The binding of [‘Hlclonidine (CLO) was inhibited 
most effectively by mianserin, followed by amitrip- 
tyline and doxepin with IC‘~~~ values of 0.09. 0.68 and 
1.3 ,uM respectively (Table 3). Trazodone and the 
three other tricyclic drugs. desipramine, imipramine 
and clomipramine. inhibited [%]clonidine binding 
with IC~,~ values above 10F M. The three selecti\,e 
S-HT uptake inhibitors also had I~W, values abote 
IOF M, with flttoxetine being the least effective (IC..~, 
value of 22 uM). The IC.~,, values of the antidepressive 
agents, except for fluoxetine and fluvoxamine. are 
in good agreement with previously reported values 
[26-281. 

Effms on ~~t~-u~re~~e~~~~ receptors. Consistent 
with earlier reports [ 11.281. the tricyciic antide- 
pressant drugs and mianserin were very weak inhibi- 
tors of [‘HIDHA binding. We also found that up to 
10 $(M concentrations of the ten antidepressant drugs 
failed to inhibit [‘HIDHA binding to the cortical 
membr~~nes (Table 4). In addition. at 100 ;rM. almost 
all of the antidepressant drugs tested (Table 3) did 
not inhibit the norepinephrine activated adenylate 
cyclase to any significant extent. 

Effrcrs m ilistmninr rucrptors. Among the radio- 
ligand bindings studied. [%]pyrilamine (PYR, Table 
1) binding to the cortical membranes was most sen- 
sitive to tricyclit ~~ntidepressant drugs and mianserin, 
with IC~,~ values ranging from 0.003 to 0.X $vf. The 
three selective inhibitors of 5-HTuptake. fluoxetine. 
zimelidine and fluvoxamine, were relatively weak 
inhibitors with lcill values of 1.Y. 2.4 and 8.4 ;IM 

Tahlc 3. Effects of antidepressants on ‘H-labeled ligand binding to adrencrgic recqtors and norepine- 
phrine activated adenylate cyclase (AC) in memhrancs of rat cerebral cortex 

Antidepressants 

Inhibition of ‘H-l;lheled ligand binding’ 
WB4101 CL.0 

I<‘% (/LM) 

Norepinephrinc 
activated ACS 

Percent of control 

Fluoxetinc 21 2 6.0 ‘3 i 7.4 89.7 i 3.3 
Zimelidine 7.3 i 0. 1 4.5 i 0.3 lOO.9 -c 3.0 
Fluvoxamine 4,s + 0.7 I I .4 2 0.9 Oh.7 f 7.x 
Desipramine 0.6 -+ 0. I ‘1.2 -’ I.1 “)1.0 t 5.s 

Imipramine 0.25 t 0.05 4.6 i (I.2 ?.J.c, r II. I 
Clomipramine 0.0x t 0.01 J 5 I- 0.1 77.2 2 h.3 
Amitriptyline O.Oh 2 0.01 O.hS i 0.o.l 94. I 2 IO.4 
Doxepin 0.06 i 0.01 1.3 -r 0.1 65.6 5 
Mianserin 

10.2i: 
0.21 -c 0.01 O.(R r 0.0 x1.0 -’ i.0 

Trazodone 0.25 IT o.oi 3.1 i- 0.3 77.2 i 4.7 

y Rat cerebral cortex was used for binding of [‘H]WBJlOl and [“Hlclonidinc (C1.0). 
? Cyclic .4MP concentrations in the ahsencc and presence ol’ 100 tr\LI norrpinephrinc and I() +I 

GTP were IO?.? * X.2 and lY5.1 -t 17.X (control valuc5) req_wi\yly. 
$ P SC 0.05. 
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Table -1. Effects of antidepressants on ‘H-labeled ligand binding to putative ncur~~tra~l\m~ttcr ,~ntl 
phnrmacolo~ical receptors in membranes of mammalian brain\ 

Antidepressant\ 

InhibitIon 01 ‘H-labeled ligand binding 
PYR QNB i-FIT 

I( i,, (URI) 

Fluoaetinc 
Zimclidinc 
Flu\oxaminc 
Dcsipraminc 
Imipraminc 
Clornipr;rmine 
Amitriptylinr 
Doxepin 
Mianserln 
Trazodone 

I .Y i (I 1 
7.4 IO.3 
S.-l 2 0.1 
0.8 t 0.i 

(I.03 5 0.01 
0.04 + 0.01 

0.00J i- 0.001 
0.0(l1 ? 0.001 
0.007 i 0.1 

I. I ‘” 0.2 

h 6 i 0.5 (27):. 

u.4 NA 
x.4 131) 

O.hO t 0.03 (30,) 
0.32 ” O.OI (2X) 
0.23 f 0.03 (33) 

O.OJ? + 0.001 5.7 
(1. 10 i O.O? 5.s 

I .5 f 0. 1 1 

NX ; 

” Brain regions of animals used ior ‘H-labeled ligand binding: rat cerebral cartes lor binding 01 
[‘H]pyilamine (PYR). [‘H]q uinuclidinyl henzilatc (QNB) and [‘Hldih~droalprenolol (DHA): rat Irontal 
cortex for [ ‘HI?-HT binding: hovinc cerebellum for binding of [‘HIGABA and [‘H]flunitrarcpam (FW’): 
and bovine corpus striatum for binding of [‘Hjnaloxone (NLX). 

f Percent inhibition at a 10 ctM concentration of drug tested. 
;: NA denotes compound\ not significantly active at a 10 1c.M concentration. 

respectively. Except for Auoxetine and fiuvoxamine. 
IC>,, values of other antidepressants agree \vell with 
those in previous reports [lt;. 2X]. 

IZffects OH muscarir~ic receptors. Fluoxetine was 
relativqll., aeak in inhibiting [‘H]QNB binding to 
muscarmlc acetb lcholine receptors in cortical mem- 
branes. with an rcilI value of 6.6 ;tM (Table 4). Up 
to a concentration of 10 uh4. zimelidine. fluvoxamine 
and trazodone did not ‘inhibit [‘H]QNB binding to 
any significant extent. The tricq:clic antidepressant 
drugs were relatively effecti1.e Inhibitors with ICY,, 
values between 0.043 and 0.6 @I, while mianserin 
had an I(‘~,, \Aue of 1.5 !IM (Table 4). 

inhibited [ ‘HIS-HT binding Mith micromolar OI 
higher ICY,, values (Table 3). with mianherin belny 
most effective, followed by trazodone. doxcpin and 
amitriptvline. Fluoxetine at 10 !IM inhibited [‘HIS- 
HT binding about 27%. while fluoxetine at I ~tX’l OI- 
lower concentrations had no effect. 

Effects on opiate receptors. SimilarI>. tht: antide- 
pressants were poor ligands for opiate receptor\ 
labeled by [‘H]naloxone (NLX. Table 3). The on11 
drug which inhibited [“Hlnaloxone binding by 50’; 
at less than a 10 ;IM concentration \va\ imipraminc 
(ICY,, at 9 JIM). while fluoxetine at IO ctM caused ;I 
35% inhibition. 

IZffectr on .semtonin receptors. The antidepressant Effects on GABA-benzodiazeyirzl, rec’epton. .I‘hc 
drugs are weak ligands for 5-HT receptors. The! antidepressant drugs. up to 10 !rM failed to influence 

Table 5. Effects 01 antidepressants on ‘H-labeled hgand binding to dopatninc receptors m bovine \triatal mcml~t-~~nc~ i~nd 
dopaminc sensitive adcnylate cyclase (AC) in rat itriatal memhranc\ 

Antidcprcssants 

Inhibition 01 ‘H-la&led llgand binding’ 
DA SP 

IC<l (UM) 

Dopam~nc-.\( ; 
c;I I’ ‘(iI1’ 

Percent ot contr~rl 

Fluoxctinc 23 11.1 93.7 i 7.1 Oh ‘I ’ 2 \ 
Zimelidinc (17):s -1.3 xi.3 = -1.: Iii-l : 2 3 
Fluvoxamine (-12);: 7.73 IO5.0 - 2.11 I I (1 7 A 4 3 
Desipramine 8 0.9 103.5 : 0.i -0 _I ’ 12 i, 
Imlpramine 3 v 0.7 03. h - 3, (7 71.; + 5 h\\ 
Clomipramine 1.4 0 2 Kh.7 ? 2.; “,‘) 2 : 
Amitrlptyhnc 0.5 O.-I xs.3 i 3 (1 07.‘) - I 0 
Doxepin I.5 1.7 85.h i 1 : 

hlianserin 3.c) 2 ‘12.7 Ii.4 
:‘I; ,;, -_ ; p 

’ I 
Trarodone 35 -1.6 105.7 f I.6 (,-l.iJ - J \’ 

v Bovine corpus striatum WI\ used for binding of [‘Hldopamtne (DA) and [‘Hjspipcronc (SP). 
+ Cyclic AMP concentrations induced by 100 “M dopamine in the absence and presence of 10 JIM (iJ‘P \\cl-c X8.1, I 

6.0 and 118.2 i I I.? pmole\‘min ‘.(mg protem) ‘, respectively. and the basal rate of cyclic AMP l’ormation W;I\ 
88.2 i 10.0 pmole5. min ’ (mg protein) ‘. 

i Percent inhibition at a 100 {cM concentration ol te5ted drug\. 
5 P < 0.025. 
11 P < 0.01. 
( P y 0.005. 
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to any significant extent the binding of [‘HIGABA 
or [“Hlflunitrazepam (FNT) to their respective recep- 
tors in bovine cerebellar membranes (Table 4). 
These findings are in good agreement with those 
reported by Hall and Ogren [28]. 

Effects on dopamine receptors. The antidepressant 
drugs were more effective in inhibiting [‘H]SP than 
[‘HIDA binding to bovine striatal membranes (Table 
5), except for amitriptyline and doxepin which had 
relatively equal and high affinities for the binding 
sites of both ‘H-labeled ligands. For fluoxetine, the 
differential ratio was 11, having 1~51) values of 2.1 
and 23 ELM in the inhibition of [3H]SP and [‘HIDA 
binding respectivly. In view of their higher affinities 
toward the dopamine antagonist [jH]SP binding 
sites, we examined the effects of the drugs on 
dopamine-activated adenylate cyclase in rat striatal 
membranes. Doxepin. amitriptyline, imipramine. 
clomipramine, mianserin and trazodone at 100 &lILl 
significantly reduced the concentrations of cyclic 
AMP formed in the presence of dopamine and GTP 
by 3&40% while desipramine caused only a 20% 
inhibition of the activity. The three selective inhibi- 
tors of 5-HT uptake did not influence the formation 
of cyclic AMP in the absence or presence of GTP. 
However. fluoxetine at 500 ,uM caused a 40% reduc- 
tion of cyclic AMP formation, whereas almost ident- 
ical reduction of cyclic AMP formation occurred with 
the presence of 10 ,LIM amitriptyline or doxepin. 

DISCUSSION 

Fluoxetine is a competitive inhibitor of 5-HT 
uptake. with an Inhibitor constant (K, value) of 
0.06 ,uM in synaptosomes of rat brain; it is over two 
orders of magnitude weaker as indicated by the K, 
values for the inhibition of catecholamine uptake 
[7,8]. The present studies further illustrate the speci- 
ficities of the three inhibitors of serotonin uptake. 
fuoxetine. zimelidine and fluvoxamine, since they 
have relatively weak affinity toward a number of 
receptors detected by radioligand assays. In fact, 
fluoxetine was first reported to be without affinity 
for postsynaptic 5-HT receptors [1.5]. Although we 
observed a 27% inhibition of 5-HT binding by fluos- 
etine at 10 ,uM. in a similar assay the concentration 
was at least two orders of magnitude greater than 
the ICSCJ required to inhibit [‘HIS-HT uptake. On the 
other hand, fluoxetine was effective at nanomolar 
concentrations in competing with [jH]imipramine 
binding to the putative 5-HT uptake carrier in neu- 
ronal membranes [29]. Unlike the tricyclic antide- 
pressants amitriptyline and clomipramine. fluoxetine 
in uiuo failed to block the central stimulatory action 
of the 5-HT agonist lysergic acid diethylamide 
(LSD) in the spinal rat hind limb reflex preparation 
or the contractile action of 5-HT in rat stomach 
fundus strip in vitro [30]. These results indicate that 
fluoxetine in vitro and in rlicjo is devoid of affinity 
toward the central as well as the peripheral 5-HT 
postsynaptic receptors. 

The effectiveness of fluoxetine in the enhancement 
of 5-HT neurotransmission is well documented, 
Fluoxetine alone suppressed the firing of the raphe 
5-HT neurons [31] and lowered the rate of 5-HT 
turnover 19. lo]. However, the pharmacological 

responses of fluoxetine are usually potentiated or 
dependent on the coadministration of 5-hydroxy- 
tryptophan (5-HTP), a precursor in 5-HT synthesis. 
The combined administration of fluoxetine and 5- 
HTP lowers blood pressure in spontaneously hyper- 
tensive rats [32] and elevates plasma concentrations 
of prolactin [33] and corticosterone [34]. These 
results indicate that the blockade of 5-HT reuptake 
by fluoxetine has elevated the intrasynaptic concen- 
tration of 5-HT. 

Antidepressants, including fluoxetine as demon- 
strated in the present studies. do not affect signifi- 
cantly the NE-activated adenylate cyclase or 
[“HIDHA binding to the beta-adrenergic receptors 
in cortical membranes in vitro. Contrary to the find- 
ings with fluoxetine. however, the chronic admin- 
istration of tricyclic antidepressant drugs and the 
antidepressants mianserin and zimelidine produces 
beta-adrenergic receptor subsensitivity [ 35-383. 
Inhibition of NE uptake by the tricyclic antidepres- 
sant drugs and perhaps also by zimelidine presum- 
ably elevates intrasynaptic NE concentrations, which 
may be increased also by blocking the presynaptic 
alpha2 receptors. Indeed. the time required for the 
development of receptor subsensitivity was reduced 
substantially upon coadministration of desipramine 
and an alphaz-adrenergic antagonist. phenoxyben- 
zamine [39] or yohimbine [40]. The inhibition of 
alpha? receptors may also explain the beta-adrener- 
gic subsensitivity caused by chronic treatment with 
mianserin [27]. 

Fluoxetine exhibited little or no affinity toward 
alpha,- or alpha?-adrenergic receptors labeled by 
[‘H]WB4101 and [3H]clonidine respectivelv. The 
absence of chronic effects of fluoxetine ‘in the 
clonidine-induced aggressive behavior substantiates 
these findings [41] and further differentiates fluox- 
etine from other antidepressant drugs. The tricyclic 
antidepressants amitriptyline, doxepin. clomipra- 
mine, imipramine and desipramine (in order of 
decreasing effectiveness) and the antidepressants 
mianserin and trazodone were potent inhibitors of 
[‘H]WB4101 binding. Among these antidepressants, 
amitriptyline, imipramine and mianserin. after their 
chronic administration. have been found to enhance 
the aggressive behavior induced by clonidine in mice, 
suggesting hyperactivity of the noradrenergic system 
[41.42]. Indeed. upon long-term treatment with 
amitriptyline. the number of [3H]WB4101 binding 
sites in hippocampus is increased in mice [43] and 
the number of [3H]clonidine binding sites in hippo- 
campus is decreased in rats [44]. In addition, ami- 
triptyline was next to mianserin in being the most 
effective ligand for the [“Hlclonidine binding sites. 
In contrast to the findings with fluoxetine, long-term 
treatment with another 5-HT uptake inhibitor zime- 
lidine also potentiates aggressive behavior induced 
by clonidine [41]. Since zimelidine is a relatively 
weak ligand for the alpha-adrenergic receptors. the 
hyperactivity of the noradrenergic system may be a 
consequence of the adaptable change in NE-5-HT 
interaction caused by chronic administration with 
zimelidine. 

Specific binding of the DA antagonist 
[‘Hlspiperone was about ten times more sensitive to 
fluoxetine than [‘HIDA binding in bovine striatal 



membranes. with I( i,l values at greater than micro- 
molar concentrations. However. fluoxetine even at 

100 $lM concentrations. failed to antagonize the 

DA-activated adenylate cvclase. Thus far. there is 

no evidence that fluoxetine administration ;done 
alters dopaminergic functions. such as elevating 

plasma protactin concentrations (331 which is xeen 

with DA antagonists. In behavioral studies, chronic 

administration of fluoxetine up to 14 days atzo fails 

to attenuate the amphetamine-induced hyperactivit> 

in rats. whereas similar chronic administration Lvith 

desipramine produces greater amphetamine h!,per- 

activity than in control rats [ 121. The present htudieh 

confirm the earlier findings that the tricyclic anti- 

depressants are potent inhibitors of the DA-sensitive 

adenylate cyctase 1351. Mianserin and trazodonc 

have now been shown also to have this property. 
Fluoxetine was also a \veak inhibitor of 

[‘Hlspiperone binding to the putative 5-11TZ recep- 

tors in rat frontal cortex in uirro. but chronic treat- 
ment with fluoxetine fails to produce any significant 
effect [46]. 

Although the dimethylated tricyclic antidepres- 
sants are more potent inhibitors of [?H]QNB binding 

and 5-HT uptake than the monomethylated drugs 
[lx]. the two synaptic processes are unrelated. In the 
present studies. all three selective inhibitors of 5-HT 
uptake. tluoxetine. zimelidine and flu\,oxamine. 
were either weak or inacti\,e in inhibiting [ ‘H]QNB 
binding. Furthermore. among the antidepressants 
studied. umitriptytinc was intermediate in cffective- 
ness as an inhibitor of 5-HT uptake. but at the same 
time it was the most effective antagonist in [ ‘H]QNB 
binding. Consistent with the tatter findings. chronic 
administration of amitriptyline in mice GILISO an 

increase in the muscarinic binding sites in hippocam- 
pus 1631. It is believed that the anticholinerpic effects 
of the tricyclic antidepressants. most notably ami- 
triptytine, cause the side effects of dry mouth and 
drowsiness in humans [47]. Preliminary clinical data 
showed that the antidepressive dose of Ruoxetine 
did not produce similar drug,-related side effect\ (P. 
Stark. personal communication). 

By studying the inhibition of HI- and H:-histamine 
receptor-mediated adenylate cyclase activity in 
guinea pig brain. Psychoyos [4X] confirmed the 
earlier findings 117. 49] that antidepressants are more 
potent antagonists of the fI,- than the HZ-histamine 
receptors. with amitriptyline and mianserin being 
most effective. In both the HI and H: systems. fluox- 
etine is relativeI> inactive. with I(‘<,, \:alues greater 
than 10 !tM 1471. With [‘H]pyrilamine binding as an 
assay, we found that mianserin. amitriptylinr and 
doxepin were 270-475 times more effective tigands 
than fluoxetine for the HI receptors. The antagonism 
of the HI-receptors mav have been related to the 
side effects of the tricyclic antidepressant5 such as 
sedation and appetite-stimulation [37]. The lack of 
any stimulation on weight gain and the toaer inci- 
dence of sedation seen in the clinical studies with 
Huoxetine (P, Stark. personal communication) are 

consistent uith its tack of interaction with the 11, 
receptor. 

In conclusion, in addition to being ;I zelectlve 
inhibitor of 5-IlT uptake. Huoxetine is practically 
devoid of affinity for neurotransmitter and phar- 
macological receptors. including alpha,-. alpha:- and 

beta-adrenergic receptors: 5-IfT receptors: D-A 
receptors: histamine 111 receptors; murcarinic ace- 

tytchotine receptors; opiate receptors: and GABA- 
benzodiazepine receptors. This neurochemical pro- 
fitc is reflected in a clinical profile of fluoxctine which 
has been relativelv side-effect free (P. Stark. per- 
sonal communicatioi1). unlike that of tricyclic antI- 
depressant drugs. The unique pharmacological pro- 
file of Huoxetine ma); pave the way for ;I brttcr 
insight into the treatment of depression since indeed 
fiuoxetine has been found efficacious in the treatment 
of depressed patients. ’ 
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