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AbstractÐThree metabolites of diethylpropion (1), (�)-2-ethylamino-1-phenyl-propan-1-one (2), (1R,2S)-(ÿ)-N,N-diethylnorephe-
drine (3a) and (1S,2R)-(ÿ)-N,N-diethylnorephedrine (3b) were synthesized. Their uptake and release e�ects with biogenic amine
transporters were evaluated. A major ®nding of this study is that the in vivo activity of diethylpropion on biogenic amine trans-
porters is most likely due to metabolite 2 as diethylpropion (1) and the metabolites 3a and 3b showed little or no e�ect in the assays
studied. These studies also revealed that 2 acted as a substrate at the norepinephrine (IC50=99 nM) and serotonin transporters
(IC50=2118 nM) and an uptake inhibitor at the dopamine transporter (IC50=1014 nM). The potent action of 2 at the NE trans-
porter supports the hypothesis that amphetamine-type subjective e�ects may be mediated in part by brain norepinephrine. # 2000
Published by Elsevier Science Ltd.

Diethylpropion (1) is a clinically available anorectic
agent which shares properties with cocaine and amphe-
tamines and has been tested as a possible treatment agent
for cocaine dependence.1ÿ5 When administered either
orally or subcutaneously to human volunteers, diethyl-
propion (1) produces amphetamine-like subjective and
sympathomimetic e�ects.6 However, diethylpropion (1)
is 10-fold less potent than d-amphetamine in supporting
self-administration behavior in baboons.5

Diethylpropion (1) is readily absorbed from the human
gastrointestinal tract and then rapidly and extensively
metabolized to 2-ethylamino-1-phenyl-propan-1-one (2)
and N,N-diethylnorephedrine (3), which are excreted
almost exclusively via the renal pathway.7 Dangor et
al.7 stated that the metabolites, not the parent drug,
mediate the biological e�ects of diethylpropion (1).
However, Dangor et al.7 did not present any data to
support that statement and a literature search did not
reveal any additional information as to the biological
e�ects of metabolites 2 and 3. Thus, the major goal of
this study was to determine the in vitro biological
activity of diethylpropion (1) and the two major meta-
bolites at the biogenic amine transporters.

Ligands which bind to transporters and are themselves
transported are known as transporter substrates. On the
other hand, ligands which bind to transporters and are
not transported are termed uptake inhibitors since they
block the transport of substrate-type ligands. In previous
work8 we described an in vitro method for determining
the potency of a test drug to act as a substrate at the DA,
5-HT and NE (biogenic amine) transporters. Thus, in
the present study we determined the activity of diethyl-
propion and its major metabolites as substrates and
uptake inhibitors of the biogenic amine transporters by
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measuring their ability to block the uptake of [3H]DA,
[3H]5-HT and [3H]NE in vitro and to release [3H]DA,
[3H]5-HT and [3H]NE in vitro.

Compound 2 was synthesized as a racemate from 2-bro-
mopropiophenone.9 Bromide 4 was converted smoothly
to amine 210 by treatment with saturated aqueous
potassium hydroxide and ethylamine in water. Metabo-

lite 3 was synthesized as two enantiomers, 3a11 and 3b,11

from (1R,2S)-(ÿ)-norephedrine (5a) and (1S,2R)-(+)-
norephedrine (5b), respectively (Scheme 1). The trans-
formation was accomplished by heating under re¯ux a
mixture of norephedrine, EtI and K2CO3 in EtOH.12

The e�ect of compounds 1, 2, 3a and 3b on the uptake
of [3H]DA, [3H]NE and [3H]5-HT was determined as
previously described.8 Brie¯y, rat brain synaptosomes
were incubated with the radiolabeled neurotransmitter
and test drugs in a physiological bu�er. Reactions were
terminated by rapid ®ltration over Whatman GF/B ®l-
ters. Inhibition of uptake was quantitated by measuring
the amount of tritium remaining on the ®lters. In previous
work,8 we also described an in vitro method for deter-
mining the potency of a test compound to act as a sub-
strate at the DA, 5-HT and NE (biogenic amine)
transporters. Brie¯y, rat brain synaptosomes were incu-
bated to steady state with radiolabeled neuro-
transmitter. Compounds were added and the reactions
were terminated 5 min later by rapid ®ltration over
Whatman GF/B ®lters. Compound-induced [3H]neuro-
transmitter release was quantitated by measuring theScheme 1.

Table 1. Comparison of neurotransmitter uptake inhibition and release by diethylpropion (1) and its metabolites 2, 3a and 3ba

Compounds Dopamine (DA) Serotonin (5-HT) Norepinephrine (NE)

Uptake
IC50�SD

(nM)

Release
IC50�SD

(nM)

Uptake
IC50�SD

(nM)

Release
IC50�SD

(nM)

Uptake
IC50�SD

(nM)

Release
IC50�SD

(nM)

(+)-Amphetamine 34�6 24.8�3.5 38,307�170 1765�94 38.9�1.8 7.07�0.95
1 14,990�540 >10,000 311,000�28,000 >10,000 18,100�1500 >10,000
2 1014�80 >1000 3840�240 2118�98 360�29 99.3�6.6
3a >10,000 >10,000 >10,000 >10,000 >10,000 >10,000
3b >10,000 >10,000 >10,000 >10,000 6820�390 >10,000

a[3H]DA, [3H]5-HT and [3H]NE uptake and release assays were conducted as described in ref. 8. Values are means of three experiments.

Figure 1. E�ects of 2 on [3H]DA uptake and [3H]DA release.
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amount of tritium remaining on the ®lters. The e�ects of
compounds 1, 2, 3a and 3b on [3H]DA, [3H]5-HT and
[3H]NE uptake and release are shown in Table 1.

The results indicated that diethylpropion (1) and its
metabolites 3a and 3b were inactive (IC50 >6824 nM) in
the uptake and release assays. Compound 2, the
N-dealkyated metabolite of diethylpropion, was the
active component. In both uptake and release assays,
compound 2 was most potent at the NE transporter,
followed by DA, and then the 5-HT transporter. At the
NE transporter, compound 2 was a potent substrate,
releasing [3H]NE with an IC50 value of 99 nM and inhi-
biting uptake somewhat less potently (IC50=360 nM).
The e�ect of compound 2 on [3H]DA uptake and
[3H]DA release was quite di�erent (Fig. 1). Compound 2
inhibited [3H]DA uptake with an IC50 value of 1014 nM.
In the release assay, compound 2 showed the pro®le
observed with uptake inhibitors:8 a biphasic e�ect with
a plateau (IC50>1000 nM). Thus, at the DA transpor-
ter, compound 2 is an uptake inhibitor, not a substrate.
At the 5-HT transporter, compound 2 had the pro®le of
a weak substrate, stimulating [3H]5-HT release
(IC50=2118 nM) with about the same potency as it
inhibited [3H]5-HT uptake (IC50=3840 nM).

An interesting ®nding to emerge from this study is that
diethylpropion is inactive in both the release and uptake
inhibition assays. Thus, diethylpropion is a prodrug
and, our results indicate, metabolite 2 likely mediates
the biological e�ects of diethylpropion. An interesting
®nding to emerge from our study is that compound 2 is
a substrate at the NE transporter and an uptake inhi-
bitor at the DA transporter. Its most potent action is to
release NE (Fig. 2). Indeed, compound 2 is about 10
times more potent at the NE transporter than at the DA
transporter. This observation suggests that therapeutic
doses of diethylpropion would likely increase brain NE,
not DA, perhaps explaining why diethylpropion failed

to substitute for cocaine in clinical trials.4 Finally, the fact
that therapeutic doses of diethylpropion produce amphe-
tamine-type subjective e�ects in humans6 provides further
support for the hypothesis that amphetamine-type sub-
jective e�ects may be mediated in part by brain NE.13
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