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2-Chloro- 11-(1-piperazinyl)dibenzlb, f] | 1, 4]oxazepine (Amoxapine), an
antidepressant with antipsychotic properties—A possible role for 7-hydroxyamoxapine

(Received 8 November 1978; accepted 2 February 1979)

Amoxapine. 2 -chloro -11 -(1 -piperazinyl)dibenzl b.fl} 1.41-
oxazepine (Anamox), is the desmethy! derivative of loxapine.
a potent neuroleptic of the dibenzoxazepine class [ 1-3].
Various clinical studies have shown that amoxapine. unlike
loxapine, is a potent antidepressant [ 4—71. Moreover, other
investigators have reported that amoxapine possesses both
antidepressant and neuroleptic activities in laboratory ani-
mals and in man [8. 9]. Since amoxapine is metabolized in
mammals to 7-hydroxyamoxapine (7-OH-Amox) and to 8-
hydroxyamoxapine (8-OH-Amox) | 10], it was of interest to
study not only amoxapine, but also its hydroxylated metabo-
lites for their effects in neurochemical tests suggestive of
antipsychotic and antidepressant actions. Three in vitro tests
were chosen: (a) synaptosomal uptake of the labeled biogenic

Table 1. Calculated iC4, values for amoxapine and its analogs
in blocking the accumulation of monoamines by crude synap-
tosomal fractions of rat diencephalon midbrain*

Inhibition of Inhibition of

norepinephrine serotonin
uptake uptake
Drug (2 x 1078 M} (2 x 1078 M)
lCSU ICSO

(oM + S.EM) (aM + SSEEM.)
Amoxapine 225+20 566.5+ 51.0
7-OH-Amox 16.6 + 1.6 424.2 + 14.8
8-OH-Amox 338+ 75 3232+ 255
Imipramine 16.8 + 2.3 55.8+ 1.2

*Each drug was studied at four to five levels of concentra-
tion ranging from 0.005 to 1.0 uM. Each determination was
done in duplicate and in three different tissue pools. The IC5,
values were determined by log probit analysis of the data and
represent the concentration of each drug required to inhibit
the uptake of either [’HINE or [*H]-5-HT at 2 x 10* M by
50 per cent.

amines | *H J-L-norepinephrine (| ‘'HINE and[*H/|-5-hydroxy-
tryptamine ([°H]-5-HT): (b) dopamine-sensitive adenylate
cyclase (DSAC): and (c) membrane [*Hlspiroperidol
bindings.

Loxapine, amoxapine, 7-OH-Amox and 8-OH-Amox were
synthesized by Dr. C. F. Howell of Lederle Laboratories
(Pearl River. NY). Imipramine-HCl (Ciba-Geigy Corp..
Summit, NJ) and spiroperidol (Janssen Pharmaceutical, Bel-
gium) were generously donated to us. Radiolabeled [*H|-L-
norepinephrine, [*H]-5-hydroxytryptamine and [*H lspiro-
peridol were all purchased from New England Nuclear, Bos-
ton, MA. Brian tissues were from 200 to 300 g male Wistar
rats obtained from Royalhart Farms (New Hampton, NY).

The preparations of synaptosomal fractions and the deter-
minations of { ’THINE and [®H]-5-HT uptake activities were
measured essentially by the method of Kuhar er al. | 1 1], with
the modifications described by Gal er al. 112].

Adenylate cyclase (AC) activity was assayed in striatal
tissues by the method described by Kebabian ef al. | [3], in the
presence or absence of dopamine (DA) and/or test com-
pounds. The amount of cyclic adenosine-3,5"-monophos-
phate (cAMP) formed was determined by the protein binding
assay of Gilman [ 14]. The preparation of membrane fractions
and the determinations of [*Hlspiroperidol binding were
described in an earlier report [15]. Protein content in the
tissue samples was determined by the method of Lowry et al.
f16l

As can be seen in Table 1, amoxapine, 7-OH-Amox and §-
OH-Amox substantially inhibited the synaptosomal uptake of
I"HINE, while having little effect on [*H]-5-HT uptake.
Imipramine, on the other hand, influenced the uptake of both
monoamines to approximately the same degree. Amoxapine
and 7-OH-Amox were equipotent with imipramine in inhibit-
ing [’HINE uptake, whereas 8-OH-Amox was about half as
potent as imipramine, No significant inhibitory effects were
detected for amoxapine or 8-OH-Amox on the DA-induced
stimulation of AC in striatal homogenates (Table 2). How-
ever, 7-OH-Amox and loxapine were very active in inhibiting
the rise in cyclic adenosine-3',5-monophosphate formation
induced by 30 uM DA. Moreover, 7-OH-Amox and loxapine
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Table 2. Effects of amoxapine and its analogs on dopamine-stimulated adenylate cyclase of rat
striatal homogenates *

cAMP formed Per cent
(pmoles/mg protein/2.5 min + S.EM.) inhibition
of stimulation
Stimulation by 30 uM
by 30 uM dopamine
Drug Basal activity dopamine +S.EM.
None 66.89 + 7.008 143.91 + 12,490
Amoxapine 75.17 £ 8.734 128.31 + 9.180 NSt
7-OH-Amox 78.10 + 8.770 106.37 + 3.930f 65.2+6.70
8-OH-Amox 77.60 + 6.114 142.93 + 7.361 NS
Loxapine 59.57 + 7.658 91.26 + 2.8708§ 60.0 + 3.73

*All drugs were tested at 0.2 uM. Values represent the means +5.E.M. of four replicate
experiments. The mean increment in cAMP values induced by 30 uM dopamine in control
samples was normalized to 100 percent enzyme stimulation.

NS, not significantly different from stimulated control values,

T Statistically different from stimulation control values at P < 0.05 by two-tailed Student’s t-

test.
§P < 0.01.

displayed high affinities for |*Hlspiroperidol binding sites
(Table 3). The potency of 7-OH-Amox was twice that of
loxapine for displacing { *H Ispiroperidol. Neither imipramine
nor 8-OH-Amox was active in the spiroperidol binding assay.
Amoxapine, however, showed moderate activity in this test.

The results of these in vitro studies tend to confirm the
findings of Greenblatt ef al. [ 9], and also those of Chermat et
al. 18], on the dual spectrum of activity of amoxapine in
laboratory animals. In common with imipramine, amoxapine
and its two hydroxylated metabolites influenced rather
strongly the synaptosomal uptake of ["HINE. However, un-
like imipramine, these dibenzoxazepine derivatives had little
effect on the uptake of [*HI]-5-HT.

Qur results also indicate that amoxapine possesses neuro-
chemical properties in common with loxapine, a major neuro-
leptic. It appears, however, that amoxapine may not be a
neuroleptic per se. For example, amoxapine is inactive in
preventing the stimulation of adenylate cyclase by DA in
striatal homogenates, but it is moderately active in displacing
[*H |spiroperidol from its sites. In contrast, 7-OH-Amox is
strongly active in both assay procedures. In fact, 7-OH-Amox
displays greater affinities than loxapine for the DA post-

Table 3. Calculated ic,, values for the displacement of spe-
cific [*H]spiroperidol binding from rat striatal membranes*

ICyq
Drug (oM £ SEM.)
Amoxapine 196 + 2
7-OH-Amox 50+ 11
8-OH-Amox 1800 + 190
Loxapine 101+ 11
Imipramine 5870 + 505

*The 1C,, values shown are the concentration of each drug
required to inhibit the specific binding of 0.75nM
[*H Ispiroperidol by 50 per cent. Blanks to determine nonspe-
cific binding constitute binding measured in the presence of
1.0 uM unlabeled spiroperidol. The iC,, values were deter-
mined by log-probit analysis of data, using five or six concen-
trations of drug in triplicate.

*Present address: Smith, Kline & French. Inc., Philadel-
phia, PA.

synaptic receptors. It is possible that the moderate activity
shown by amoxapine in the spiroperidol assay is due to partial
enzymic conversion to 7-OH-Amox in the incubation mix-
ture, Further experiments are in progress to verify this as-
sumption. Nevertheless, the results of these in vitro experi-
ments on the differential effects of the two hydroxylated
metabolites of amoxapine on synaptosomal uptake of | ’HINE
and [°H1]-5-HT and on DSAC and {*}{Ispiroperidol binding
suggest a major role for 7-OH-Amox in the mediation of the
anti-dopamine effects of the parent compound [8, 91.
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