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Summary. We examined eight tricyclic antidepressants Introduction

(doxepin, amitriptyline, clomipramine, imipramine, Although tricyclic antidepressants are widely used in
.- trimipramine, nortriptyline, desipramine and pro- the treatment of depression, their mechanism of action

triptyline) and four nontricyclic antidepressants (mian-
serin, nomifensin, iprindole and zimelidine) in terms of remains unclear. The ability of some of these drugs to
their effects on serotonergic and adrenergic receptors inhibit the neuronal reuptake of noradrenaline and
by direct binding assays. 3H-WB-4101 (0.22 nM)served serotonin (Glowinski and Axelrod, 1965; Carlsson et
as a label for postsynaptic alpha receptors while 3H- al., 1969a, 1969b) suggests that their effects on norad-
clonidine (0.2nM) served to label presynaptic alpha renergic and serotonergic neurotransmission may be
receptors in the frontal cortex of the calf. 3H- important for their clinical efficacies. As neurotrans-

mission depends not only on the neurotransmitter itselfdihydroalprenolol (3H-DHA) (0.5nM) was used to
but also on the neurotransmitter receptor, it is impor-label the betat adrenoceptors in the calf frontal cortex
tant to investigate the effect of tricyclic antidepressantand beta2 adrenoceptors in the calf cerebellar cortex.

3H-d-Lysergicacid diethylamide (3H-LSD)(2nM)and drugs on adrenergic and serotonergic receptors.
Radiolabelled iigands of high specific activity are3H-serotonin (3H-5HT) (0.5 nM) were used to label the
available for the labelling of these receptors. In thisserotonergic receptors in the calf frontal cortex.

The results show that at drug concentrations which study, we examined eight tricyclic antidepressants
_::: Occur clinically in the plasma water, most of the tertiary (doxepin, amitriptyline, clomipramine, imipramine, tri-

amine tricyclics significantly inhibited 3H-WB-4101, mipramine, nortriptyline, desipramine and protrip-

3H-LSD and 3H-5HT binding. None of the antide- tyline) and four nontricyclic antidepressants (mian-
pressants tested had any significant effect on 3H-DHA serin, nomifensin, maprotriline and zimelidine) in terms
binding. The secondary amine tricyclics as a group were of their potencies in inhibiting the binding of two

- aot potent in inhibiting the binding of all four radio- serotonergic (3H-serotonin and d-3H-lysergic acid
labelled ligands. The nontricyclic antidepressant mian- dicthylamide) and three adrenergic (3H-WB-4101, 3H-

serin Was potent in inhibiting the binding of 3H-WB- cionidine and 3H-dihydroalprenolol) ligands to calf
4101, 3H-clonidine, 3H-LSD and 3H-5HT. We suggest brain tissues.
that the differences between the effects of the antide-

pressants on adrenergic and serotonergic receptors may Methods
be responsible for the differences in their therapeutic
efficacies and side effects. Pr_Taration of Caff b)'ontal and CerebellA" ttomogenates. The pro-

cedurc Ibr preparing the tissues lbr radioreceptor assay has been

Key words: Antidepressant drugs - Serotonin re- described previously (Whitaker and Secman, 1978a). Briefly, calf"
brains were obtained fresh from Canada Packers (Hunnisett plant,

ceptors - Adrenergic receptors - Plasma drug level. Toronto, Canada). The cortical gray matter was gently scraped from

the frontal lobe and cerebellum and suspended in approximately 50

volumes of buffer (15 mM Tris HCI, pH 7.4, 5 mM Na 2 EDTA,
Semi _[]ln'int requests to S. W. Tang at the above address 1.1 mM ascorbate and 12.5pM nialamidc). A preliminary crude

* Supported by the Canada Medical Research ('ouncil and the homogenate of the suspension was made by using a glass homogc-
Ontario Mental Health Foundation niz_r with a Teflon pis/on (0.13-0.18mm clearance), rotated at

** A preliminary report of this work was presented at the 9th 500rpm, with 10 up and down strokes. After centrifugation at

annual meeting of the Society for Neuroscience, Atlanta, 1979 39,000 g for f 5 rain at 4, the supernatant was discarded and the pellet
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was re,suspended in 20 volumes of buffer and homogenized with a binding, it was defined as the amount ofbindingdisplaceable by I I.tM

Brinkmann Polytron at setting 7 for 10s. This final preparation wits phcntolaminc. For 3H-DHA binding, 3H-LSD bindiug and 3H-5HT
then `stored in vials at -20 until use. Before use, the membrane binding, it was defined as the amount of binding displaceable by

preparation was thawed, and homogenized for another 10 s with the 10 laM ( - )propranolol, 200 nM LSD and 1IX)nM 51-IT. respectively.

I'lrinkmann Polytron at setting 7. -_tl-('hmidinc (26.7Ci/mmol) was gcncrou,sly donated by Dr.

Radh_rec_TtorAsxays. Thclblh)wing[3fl]ligandswereuscd: _H-WB- Bechtel of Boehringer, Ingclheim, FRG. -aH-WB-4101 (13 Ci/mmol),
-_H-DHA 151.1 Ci/mmol), _tt-LSD (10.TCi/mmol) -_H-5HT

4101 [0.22 nM] for the post synaptic alreccplor (U'Prichard ct al,,
19771. 3H-clonidine [(}.2nM] for the c_2receptor (U'Prichard et al., (28.2Ci/mmol} were purchased from New England Nuclear Corp.

1977, 1978a, Titeler et al., 1978), 3H-dihydroalprenolol (3H-DHA) (Boston, Mass., USA). All 3H-ligands were used without further
[0.5nM] for the /_.receptor in calf frontal cortex and for the purification.

/12receptor in calf ccrebcllar cortex. (trPrichard ctal., 1978b), ql- Drug._'. Antidcprc,ssant drags used: Mianscrin I11'1 (Organon, West
serotonin (3H-511T) [0,5 nM] and d-[_ttklyscrgic acid diethylamidc ()range, New Jersey, USAL protriptyline I-tCI and amitryptyline HCI

(3H-LSI)) [2 nM] (in presence of 100 nM phcntolaminc) for seroton- (Merck, Sharp & Dohme, Dorvak Quebec, Canada), clomipramine
ergic receptors (Whitaker and Sceman, 1978a, 1978b). ()thcr studies HCI, maprotiline HCI, imipramine HCI and desipramine HCI (Ciba-

have suggested that 5|1T and LSD bind to similar, but not identical (ieigy, Dorval, Quebec, Canada), doxepin HCI (Pfizer, Dorval,
`sites (Bennett and Snyder, 1976; Fillion et al., 19781. For _tt-LSD Quebec, Canada), trimipramine maleate (Poulenc, Montreal,

binding, the 100nM phentolamine was used to block adrenergic Quebec, Canada), nortriptyline HCI (Eli Lilly, Toronto, Ontario,

receptors present in the frontal cortex (Whitaker and Seeman, Canada). iprindole HCI (Wyeth, Windsor, Ontario, Canada), nomi-
1978b). fensin (tloechst, Montreal, Quebec, Canada), zimelidine, cis form

__ Triplicate incubation tubes each received 6()()id of 1"_tl]ligand. (Astra Chemicals Ply. Ltd., SOdert_.ilje, Sweden).
300 i.d of variou,s concentrations or unlabcllcd drugs, 300 I.dof buffer
(composition as mentioned abovcJ and 6001,d of tissue suspension.
The total incubation volume was 1.8 ml. Results

Tubes were incubated at 21 for 30min Ibr 3H-clonidine, 3H-

LSDand 3H-5HT, 20minlor 3H-DHAand 15min for 3H-WB-4101. 3H-WB-4101 Binding

Equilibrium conditions were reached for each ligand with the times of

incubation employed. The contents were then rapidly filtered under Significant potency was displayed by mianserin and

vacuumthroughWhatmanGF/Bfilterswith2x5mlrin,sesofbuffer, some tertiary tricyclic antidepressants in the com-_:,l_
Filterswerepre-wettedwith5mlofbuffcrbeforcfiltration,Thefilters petition of 3H-WB-4101 binding in the calf front_ !""_I
were then cotmted by liquid scintillation spectrometry in 1111111of

cortex (Table I, Fig. 1). The most potent agents in-
Aquasol (New Enghmd Nuclear) at an efficiency of 43 ".. after `storage
at 4 for at least 6h. eluded doxepin, amitriptyline, mianserin and trimip-

Specific binding of-_H-clonidinc was defined as the cxces,s over ramine. The least potent agents were nomifensin,
blanks taken in the presence of I laM clonidine. For q-|-WB-4101 iprindole and zimelidine.

Table I. Inl'tibition of "_tI-WB-4101 and _1t-clonidinc binding by antidepressant drugs. Values arc rr_car_s t- standard dcviatiot_s of t_o Io I_ve
separate experiments, each conducted in Iriplicate

Drug IC_ values (nM_

3fI-WB-41()I 3H-clonidine

Calf frontal Rill whole brain_ Calf frontal Rat whole brainI'

cortex l.lxcluding cerebellum cortex I:-xcluding cerebellum

Tertiary amine tricyclics

Doxepin 24 _+ 6 32 2,000 + 100

Amitriptyline 46 + 7 34 850± 250 896
Trimiprarrfine 67 _+ 6 1.700± 600

Clomipramine 130+ 35 77 7.430± 7511
Imipramine 1611 ± 36 81 4,9311 ± 1.200 4.901

Secondary amine tricyclics

Nortriptyline 1311 _ 27 99 2.9811 ±_ 1.400

Protriplyline 420 t 95 388 111,360 + 3,711(I
l)esipraminc 4411 ± 60 2117 9,400 + 4,300

Other antidepressant drugs
Mianserin 56+_ 16 12+ 7

Maprotiline 2511 ',- gtl 11",.770 _-6,51_1
Nomifen,sin t}Xll I 370 2,4811 t 1,100
Zimclidinc 1,210 t 41,0 ¢_lll _ 2711

Iprindolc 6,150 _ 1,61a1 Ih,lll)l) t- 1,4011

a
Calculated from trl richard ctal. (197Xc1

I"Calculated from U'Prichard et al. (1977)
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B 100'___ ] _ tq420 Table2. Inhibition of 311-dihydroalprcnolol binding by antide-

pressant drugs

__ _ 372 _ I)i'U_. (';ill"

-6o %)\\ I i co,1. c ,rte._.. I(.'_. wdues (nM)
_o - " " ............

228 Tertiary amine
tricyclics

,,.'?;_I._18o l'rmfipranfine 5,30t) 13,00010 100 1000 10000

nMDrug Amitriptylineb 7,000 4,0110

Fig. I. The competition of antidepressant drugs against the binding of Clomipramine 9,300 21,000
3H-WB-4101 to call"frontal cortex homogenates. Specific binding of Imipramine 13,300 13,500
311-WB-4101(0.22nM) was defined as that displaccableby I l,tM Doxepin 20,500 7,600
phentolamine. Vertical bars indicate standard deviations Secondary amine

tricyclics
Nortriptyline 5,400 3.600

-_ Desipramine _ 14,200 3,000

Other antidepressant
-_. _ drugs

fi Im ]i Maprotiline 7,900 5,400
'5
-_ m _ Zimelidinc 8,500 36,11110

_ __ Mianscrin 11,21111 37,000Iprindole 17,000 9.600
ro Nomifcnsin 23,300 60.000

# 0 ........ t ....... i ........ i ........ = 42 _' I(-'5oof desipiaminc was over 11)0,000nMon rat cardiac me,n-10 100 1000 10000

r_ on_ brane preparation (ttarden et al., 1976) and 7,560 nM (calculated
Fig. 2. The competition of antidepressant drugs against the specific from Maguirc et al., 19761 on cultured rat glioma cells for _2Sl-
binding of -_H-clonidinc It) calf fiontal cortex homogcnatcs. Specific hydroxybcnzylpindoh)l (IzsI-ItYP) binding
binding of 3H-clonidine (0.2 nM) was defined as that displaceable by h ICso of amitriptylinc was 32,400 nM for _2sI-ttYP binding on
I itM clonidine. Vertical bars indicate standard deviations cultured rat glioma cells (calculated from Maguire et al., 1976)

....... , _ _,._.%,. _, 920 3H-DHA Binding
"IV

820 None of the antidepressants tested were potent m

_ displacing 3H-DHA binding either in the calf frontal
"6 r2o _ cortex (Table 2, Fig. 3) or cerebellum (Table 2).
g so R

o% _2o8-_ -_ 3tt-Serotonin and 3tt-LSD Bindingo "6
I.-

520 Several antidepressants had weak but significant in-

" hibition of the bindingof these two ligands.Mianserin
o 4ao was the most potent antidepressant in this aspectI00 1000 10000 100000

nu O,,g (Table 3, Figs. 4, 5).

Fig.3. The competition of tricyclic antidepressants against the
binding of 3H-DHA to calf frontal cortex homogenates. Specific
binding of 3H-DHA (I).5nM) was defined as that displaceablc by Discussion
I I.tM ( ) propranolol. Vertical bars indicate standard deviations

While the results showed that all the antidepressants
tested had little effect on 3H-DHA and 3H-clonidine

3H-Chmidine Binding binding (except mianserin), their inhibitory effects on
the binding of the other three ligands differed re-

Mianserin was the only antidepressant that signif- markably. For example, iprindole had an ICso(concen-

icantly displaced 3H-clonidine binding in the calf tration for 50",, inhibition) of 6150nM for 3H-WB-

frontal cortex (Table 1, Fig. 2). In fact, mianserin was 4101 binding, more than two hundred times that of

very potent in this aspect, having an IC5o of 12nM. doxepin (24nM). For both 3H-LSD and 3H-5HT
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Table3. Competition of antidepressant drugs against the binding of 100 /_ 41o

3tl-511T and 3H-LSI) to calf frontal cortex homogenates. Values are ,-, _

means + standard deviations of two to five separale experiments,

each conducted in triplicate _ \ "-, . _.

l)rug I('so (riM) "6 _ _I

" .g 5o 31o

3H-Serotonin _H-LSD

Tertiary amine _.
tricyclics #

Doxepin 240 + 20 190 ± 60 o 21o
Amitriptyline 240 +_ 41) 140 ± 36 10 10o 1000 _0o0o

Trimipramine 32(1 + 130 300 + 60 .M Drug :

Clomipramine 590 + 210 410 + 180 Fig.5,The competition of antidepressant drugs against the binding_f
[mipramine I,(180 _+ 490 560 + 270 3H_LSDtocalffrontalcortexhomogenatesinthepresenceofl00nM

Secondary amine phentolamine. Specific bindings of 3H-LSD (2 nM) was defined =s
tricyclics that displaceableby 200nM LSD. Verticalbars indicate standar_d

Nortriptyline 38(1 +_ 30 350 + 120 deviations

Protriptyline 1,150+ 150 900 + 250
Desipramine 3,070 + 1,400 2,(10(I + 580

Other antidepres- triptyline, and other tertiary amine tricyclics. \_:ts
sants effective in inhibiting 3H-WB-410I binding at relatively

Mianserin 90 + 30 t00 + 28 low concentrations (IC5o below 200 nM). The other
Maprotilinc 22(1 + 18 1,000 + 150
Nomifensin 1.370 + 23(') 2,700 ± 63o group, represented by desipramine, protriptyline and
Zimelidinc 2,500 + 1,250 4,400 + 1.000 other non-tricyclic antidepressant drugs, was only(,

.... I i'Iprindolc 6,(100 _-1,7(X) 5,N('() _- 20o effectiveathighconcentrations(ICsoabove2OOnM)!_
has bccn suggested that the effects of the antidepressanta,'-
drugs on the 3H-WB-4101 binding sites represent
blockade of functional _-adrcnergic receptorsI ,100

_,_, _ (U'Prichard ctal., 1978c). Thus, the first group of
520

,9 antidepressant drugs may not produce any enhance-
¢0. 46o

mcnl of not'adrenaline responses al the c_-adrcncrgic

_ receptors, even though they themselves or their meta-

"_ _ bolites may potently inhibit noradrenaline reuptake.
50 _ "_. 1_,."_\ ;340,,_ This same view has been earlier expressed by Iversen

zso For "_H-5HT and "_H-LSD binding, only three drugs
,,, (mianserin, doxcpin and amitriptyline) have low IC_o

2_ values. Some antidepressant drugs have been shown toto loo lOOO 1o000
,,,O,ug be antagonists of serotonin receptors (Don3enjoz and

Theobald, 1959; Fuxe et al., 1977; Sigg, 1959; Saxena
Fig.4. The competition of _mlidcpressant drugs against the binding et al., 19711. The effects of the antidepressant drugs on
of 3H-5HT to calf frontal cortex homogenates. Specific binding of
3H-5HT (0.5riM) was defined as that displaceable by 100nM the 3H-5HT and 3H-LSD binding sites may represent
5ttT. Verticalbars indicatestandard devi_ltions blockade of serotonin receptors. Potentiation of sero-

tonergic transmission thus may not occur when the
plasma drug level becomes high enough to cause a

blockade of these receptors, even though some of these !
binding, the IC50 of mianserin (100riM) was about drugs are potent serotonin reuptake inhibitors. How:
sixty times less than that of iprindole (6000 nM). this is related to the therapeutic window demonstrated

Allowing for 90",; plasma protein binding, the free for some tricyclic antidepressants (Yates el al., 1963; _
plasma drug concentrations for these antidepressants Kragh-Sorenson, 1976; Whyte et al., 1976" Mont-i
and their active metabolites would be below 200 nM in gomcry ct al., 1977: Friedel et al., 19791 would be an i

most patients (Cooper cl al.. 1076: (]ram ctal., 1975). interesting area to explore, i
An examination of the I('so's of the thirteen antide- There is also a high correlation between the IC_0's !

pressants on 3H-WB-4101 binding shows that these for 3H-WB-4101 binding and 3H-lSD binding (Fig. 6).
drugs could be roughly grouped into two groups. One This appears to be in accord with the suggestion that
group, represented by mianserin, nortriptyline, ami- serotonergic receptors and cx-adrenoceptors, although
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1oo0o terms of their action on serotonergicand adrenergic
Iprlndolee receptors. One has to note, of course, that the chronic

effects of antidepressant drugs on these receptors could
be very different from their acute ones. For example,

i" development of [/-receptor subsensitivity after long-
=_,1000 Nomlfenslne eZimelidine tern1 treatmenl with some antidepressants has beell

reported by several groups (Banerjee et al., 1977" Sarai
"o Protrlptyline• • Desipramine.F. et al., 1978" Clements-Jewery, 1978; Rosenblatt et al.,
m eMaprotlllne 1979; Bergstrom et al., 1979).

elmlpramlne Antidepressant drugs also posses potent activities
'_ 100 Nortrlptyllneel Clomlpramlne on many other receptors. Many of these drugs have• Trlmlpramlne

Mlanserlne been shown to be antagonists of muscarinic receptors• AmJtrJptyiine
(Domenjoz and Theobald, 1959" Sigg, 1959; Rehavi et

•Doxepln
__ al., 1977; Snyder and Yamamura, 1977; Rehavi and
> Sokolovsky, 1978), histamine H t receptors (Dornenjoz

10
o r=0._ and Theobald, 1959"Sigg, 1959; Psychoyos,1978;

Richelson, 1978, 1979) and histamine H 2 receptors
(Green and Maayani, 1977; Kanof and Greengard,

_ 1978: Rehavi and Sokolovsky, 1978). Recently, a high-
L affinity binding site for 3H-imipraminein rat cerebral

1 10 100 lO(X) I
10000 cortex has also been reported (Raisman et al., 1979).

IC_ Values, 3H-LSD Binding in Presence of
lOOnMPhentolamine(nM) For these other receptor sites, the antidepressant drugs

again show no uniformity in their actions.
Fig. 6. Correlationbetweenthe IC_o values for various antidepressant It is thus likely that antidepressant drugs may not
drugs against the binding of 3H-WB-4101 and 3H-LSD (in presence

100nMphentotamine)in call"frontal cortex homogenates have a common mechanism of action. On the other
hand, depression is not a homogeneous illness (Maas,
1978) and different antidepressant drugs may be re-
quired for different subtypes of depression (Maas et al.,

distinct entities, have features in common (Apperley et 1972, 1975; Schildkraut, 1973).
al., 1976; Kapur and Mottram, 1979).
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