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striatum and at ,6-adrenergic recep-
tors labeled by [3H]dihydroalprenolol
([3H]DHA) than at any other receptor
binding sites. The neuroleptics haloperi-
dol and chlorpromazine have consid-
erable affinities for several receptors,
being similar to the more active antide-
pressants at a-adrenergic and serotonin-
2 sites and the most potent drugs at
dopamine receptors. Antidepressant po-
tencies also vary widely at the
[3H]imipramine binding sites described
by Raisman et al. (15). Blockade of any
one of these receptors cannot simply ac-
count for antidepressant efficacy.

Long-term treatment with the tricyclic
antidepressants amitriptyline, imipra-
mine, and desipramine, the atypical anti-
depressant iprindole, and the MAO in-
hibitor pargyline reduces the binding of
[3H]DHA to ,6-adrenergic receptors;
these results confirm and extend those
previously reported (10-12) (Table 2). A
substantially greater reduction of
[3H]spiroperidol binding to serotonin-2
receptors occurs after long-term treat-
ment with antidepressants. Amitriptyline
and imipramine reduce [3H]DHA bind-
ing by 20 percent, but reduce [3H]_
spiroperidol binding to serotonin-2 re-
ceptors by 40 percent. Iprindole and
pargyline also reduce binding to sero-
tonin-2 receptors more than they reduce
[3H]DHA binding. The secondary amine
desipramine is the only antidepressant
tested in which the decline in [3H]DHA
binding (29 percent) exceeds the decline
in binding to serotonin-2 receptors (21
percent). The reductions in [3H]DHA
binding observed here are similar to
those obtained by others (/1, 12) at the
same doses and durations of treatment.
More prolonged treatment may elicit a
greater reduction of both [3H]DHA (10)
and [3H]spiroperidol (16) binding. In
marked contrast, binding to ,6-adrenergic
and serotonin receptors is unaffected by
the serotonin antagonist methysergide or
the neuroleptics chlorpromazine and
haloperidol. Fluoxitene, a potent inhib-
itor of serotonin but not of norepineph-
rine uptake, whose antidepressant effica-
cy is questionable (17, 18), does not affect
[3H]DHA or [3H]spiroperidol binding.

The binding of [3H]serotonin to sero-
tonin-I receptors also declines with
chronic administration of imipramine
and pargyline, but not with any other
antidepressant; these resuJts resemble
those of others (12, 19) and suggest that
effects on serotonin-l receptors are unre-
lated to antidepressant efficacy. Consist-
ent with its labeling of both serotonin-l
and serotonin-2 receptors (14), [3H]LSD
binding is affected by long-term treat-
ment with antidepressants in a fashion

90

intermediate to effects on [3H]spiro-
peridol and [3H]serotonin binding. In
contrast to the significant reductions
of serotonin and ,6-adrenergic recep-
tors, long-term drug treatment has no
effect on muscarinic cholinergic recep-
tors labeled by [3H]QNB or a-adrenergic
receptors labeled by [3H]WB-4101.Bind-
ing to dopamine receptors labeled in the
corpus striatum by [3H]spiroperidol is in-
creased by neuroleptic treatment (20),
but is unalfected by antidepressants.

Decreases in the binding of3H-labeled
ligand may be due to changes in the num-
ber of sites or in the dissociation con-
stant (KD). Scatchard analysis of the
binding of [3H]spiroperidol at a wide
range of concentrations indicates that
the antidepressants decrease the number
of serotinin-2 binding sites with no
change in the affinity constant (data not
shown). Similarly, a reduction in the
number of [3H]DHA binding sites with
no change in KD has been reported after
antidepressant treatment (10-12). It is
unlikely that changes in receptor binding
are due to residual drug in the brain,
since short -term injections of antidepres-
sant fail to alter the binding to serotonin-
2 or ,6-adrenergic receptors 24 hours af-
ter a single dose (16).

Clinically effective antidepressants
have substantial affinity for a number of
neurotransmitter receptor binding sites,
although no correlation exists with clini-
cal dosages. However, long-term treat-
ment with antidepressant reduces bind-
ing to both serotonin-2 and ,6-adrenergic
receptors, the reduction in the binding to
serotonin-2 receptors being the more
marked for all drugs except desipramine.
Moreover, this effect appears selective,
because fluoxitene , the serotonin antago-
nist rnethysergide, and the neuroleptics
chlorpromazine and haloperidol fail to
alter serotonin-2 or ,6-adrenergic bind-
ing. In neurophysiological studies (18),
long-term treatment with antidepressant
increases neuronal responsiveness to the
inhibitory effect of serotonin. It is un-
clear whether this effect is related to the
decrease in binding to serotonin-2 recep-
tors. The decrease in the binding to ,6-
adrenergic receptors is correlated with a
decrease in the sensitivity of the ,6-ad-
renergic-sensitive adenylate cyclase
(11).

How might these findings fit with other
data on the pharmacology of depression?
Depletion of monoamines by reserpine is
associated with clinical depression (1).
The tricyclic antidepressant blockade of
uptake systems and the inhibition of
MAO by pargyline both enhance amine
activity. Though iprindole is considered
an atypical antidepressant because of its

failure to block uptake and to inhibit
MAO, it presumably potentiates central
biogenic amines, since it increases the
central effects of amphetamine (21). Sub-
sensitivity of serotonin-2 and ,6-adrener-
gic receptors might be secondary to
chronic enhancement of amine activity.
Whether the antidepressant actions stem
primarily from effects on synaptic mono-
amines or from changes in receptor sen-
sitivity is. not clear. However, the fact
that long-term treatment is required to
elicit changes in receptor density where-
as enhancement of monoamine action
occurs immediately favors the role of re-
ceptor sensitivity in mediating antide-
pressant action.
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