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Release studies with rat brain cortical synaptosomes indicate that
tramadol is a 5-hydroxytryptamine uptake blocker and not a
5-hydroxytryptamine rel easer
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Abstract

Tramadol is a centrally acting opioid analgesic whose mechanism of action could also involve an increase in central serotoninergic
transmission. Thus, tramadol inhibits synaptosomal serotonin (5-hydroxytryptamine, 5-HT) reuptake and induces tritium release from
[3H]5-HT-preI oaded slices. We investigated the effect of (4 )-tramadol in release studies with superfused rat brain cortex synaptosomes
preloaded with [®*H]5-HT. Tramadol had no releasing effect up to 30 wM, whereas at 10 M tramadol significantly inhibited by 45%
p-fenfluramine-induced [®H]5-HT release. At 100 M, tramadol showed a slight releasing effect in the absence or in the presence of
pargyline, which was not augmented in synaptosomes pre-exposed to Ro 04-1284 (2-ethyl-1,3,4,6,7,11b-hexahydro-3-isobutyl-9,10-di-
methoxy-2 H-benzo [alquinalizin-2-ol hydrochloride), a reserpine-like compound that enhances cytoplasmic 5-HT levels. In summary,
(+)-tramadol behaved as a classical 5-HT uptake blocker (like citalopram) and not as a substrate of the 5-HT carrier with indirect 5-HT
mimetic properties (like b-fenfluramine). © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Tramadol is a centrally acting opioid analgesic with
affinity for w-opioid receptors in the low micromolar range
(Hennies et al., 1988; Raffa et al., 1992). It was, however,
suggested that an increase in monoaminergic transmission
might also contribute to its antinociceptive effects (Dries-
sen and Reimann, 1992; Raffa et a., 1992; Giusti et al.,
1997). Thus, it was shown that tramadol inhibited the
uptake of serotonin (5-hydroxytryptamine, 5-HT) and nor-
adrenaline (but not dopamine) into rat brain synaptosomes
in the low micromolar range (Driessen and Reimann,
1992; Raffaet al., 1992; Driessen et al., 1993; Giusti et al.,
1997). In release studies with [*H]noradrenaline-prel oaded
dlices, tramadol (mainly the (—) enantiomer) mimicked
the effects of cocaine, suggesting that it is a classical
noradrenaline uptake blocker (Driessen et al., 1993). How-
ever, similar studies with [*H]5-HT-preloaded slices sug-
gested that tramadol (mainly the (+) enantiomer) is a
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substrate of the 5-HT carrier with 5-HT-releasing activity,
thus resembling an indirect 5-HT mimetic agent (like
d-fenfluramine) more than a classical 5-HT uptake blocker
(Driessen and Reimann, 1992; Reimann and Schneider,
1998). In particular, these authors found that tramadol was
active in inducing tritium release at concentrations as low
as 1-10 pM and that this effect was antagonized by
6-nitro-quipazine, a well-known 5-HT uptake blocker.

In the present study, we reconsidered this proposed
mechanism by studying the effects of (+)-tramadol in
release studies with superfused [*H]5-HT-preloaded
synaptosomes. With this experimental approach, and dif-
ferently from [3H]5-HT-pre|oaded dlices, the neurotrans-
mitter released by the drug is immediately removed and
cannot be retaken up (Raiteri et al., 1974; Gobbi et 4.,
1992). Thus, the releasing effect is completely distinct
from uptake inhibition. This is particularly important when
studying the effects of those compounds that are believed
to act both as releasers and reuptake inhibitors (Crespi et
al., 1997). Moreover, the previous studies were carried out
in the presence of pargyline (Driessen and Reimann, 1992;
Reimann and Schneider, 1998), which is likely to increase
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the cytoplasmic 5-HT concentration (Fitzgerald and Reid,
1993; Reimann and Schneider, 1998). In order to have data
more related to the physiological situation, we carried out
these experiments in the absence of the monoamine—
oxidase inhibitor, so that 5-HT was probably mainly stored
in synaptic vesicles.

2. Materials and methods

2.1. Experimental procedure

Male CRL:CD(SD)BR rats (Charles River, Itay)
weighing about 150 g were used. Procedures involving
animals and their care were conducted in conformity with
the ingtitutional guidelines that are in compliance with
national (D.L. n. 116, G.U., suppl. 40, Feb. 18, 1992) and
international laws and policies (EEC Council Directive
86,609, OJ L 358, 1, Dec.12, 1987; Guide for the Care
and Use of Laboratory Animals, US National Research
Council, 1996).

The rats were killed by decapitation and their brain
cortices were rapidly dissected and homogenized in 40
volumes of ice-chilled 0.32 M sucrose, pH 7.4, in a glass
homogenizer with a Teflon pestle. The homogenates were
centrifuged at 1000 X g for 5 min and the supernatants
were centrifuged again at 12000 X g for 20 min to yield
the crude synaptosomal pellet (P,) (Gray and Whittaker,
1962).

For the release studies, the P, pellets were resuspended
in about 20 vol. of Krebs—Henseleit buffer of the follow-
ing composition (mM): NaCl (125); KCI (3); CaCl, (1.2);
MgSO, (1.2); NaH ,PO, (1); NaHCO, (22); glucose (10),
gassed with 95% O, and 5% CO,, pH 7.2-7.4. The
suspension was then added to an equal volume of the same
buffer containing [*H]5-HT (SAA. 29.7 Ci/mmol) at the
final concentration of 0.06 wM. After a 15-min incubation
at 37°C, the solution was diluted with fresh buffer and
5-ml samples (about 5 mg initial tissue) were distributed
onto cellulose mixed ester filters (0.65-um pore size,
Millipore) in a 16-chamber superfusion apparatus thermo-
statically held at 37°C (Raiteri et al., 1974).

The synaptosomes were layered onto the filters by
aspiration from the bottom under moderate vacuum. Super-
fusion was started (t = 0 min) at arate of 0.5 ml /min with
standard medium; after a 42-min equilibration period, frac-
tions were collected every 2 min until t=60 min. The
filters and the fractions were put into scintillation vials and
counted for radioactivity in 4 ml of Ultima Gold MV
(Packard).

(+)-Tramadol and p-fenfluramine were present in the
superfusion medium for 3 min from t =47 to t = 50 min.
In some experiments their releasing properties were evalu-
ated in synaptosomes pre-exposed (from to = 40) to Ro
04-1284. In other experiments the releasing effect of D-

fenfluramine was measured in synaptosomes which had
been pre-exposed (from t = 40) to tramadol or citalopram.
When it was used, pargyline (250 w.M) was present during
preloading and throughout the superfusion period.

The fractional release rate was calculated as 100 times
the amount of radioactivity released into each 2-min frac-
tion divided by the total radioactivity present on the filter
at the start of that fraction. The fractional release rates
before the releasing stimulus was applied (t = 44-46), ex-
pressed as percentage, are reported as basal outflow. The
overflow (%) was calculated as the difference between the
fractional release rates in the presence (t = 48-56) and
absence of the drug (mean t = 44-48 and t = 56—60) (see
Fig. 1). When synaptosomes were preexposed to Ro 04-
1284 (from t = 40), the drug-induced overflow was calcu-
lated by subtracting the fractional release rate in the ab-
sence of the drug from the fractional release rate in the
presence of the drug (see Fig. 2). The effect of the drugs
added at t = 47 could be detected only 1 min later because
the fluid took about 1.5 min to flow from the filters to the
collecting vials.
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Fig. 1. Tritium release from superfused rat corticad synaptosomes
preloaded with [*H]5-HT. These experiments were carried out in the
absence of pargyline. (A) Concentration—response curve for tritium re-
lease induced by (+)-tramadol (tram) and comparison with the release
induced by 5 wM d-fenfluramine (dFenf) and the lack of releasing effect
of 1 wM citalopram (cit). Each value is the mean+ S.E. of three different
experiments. (B) Effect of (4)-tramadol in inhibiting the [*H]5-HT
release induced by 5 wM p-fenfluramine. The inhibitory effect of 1 WM
citalopram (cit) is shown for comparison. In this experiment, (+)-trama-
dol and citalopram were present from t = 40 throughout the experiment,
whereas D-fenfluramine was added from t = 47 to t = 50 min. Each value
is the mean+ S.E. (n= 4 replications). * = P < 0.01 different from con-
trol value (Student’s t-test).
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Fig. 2. Effect of (+)-tramadol (100 wM) (A) and p-fenfluramine (0.5
wM) (B) on superfused rat brain cortex synaptosomes preloaded with
[*H]5-HT, in the absence or the presence of 0.1 uM Ro 04-1284. Ro
04-1284 was present in the superfusion medium from t =40 whereas
tramadol and p-fenfluramine were added from t = 47 to t = 50. These
experiments were carried out in the presence of pargyline. For the
experiment with p-fenfluramine only (B) a Ca?*-free medium was used
from t =40 throughout superfusion. Drug ((+)-tramadol or p-fenflura-
mine)-induced overflow in the absence or presence of Ro 04-1284 (right
panels) was caculated as described in Section 2. Each value is the
mean+ S.E. of 4 replications from a single experiment. * * P < 0.01
different from the value in the absence of Ro 04-1284 (Student’s t-test).
These experiments were replicated twice with similar results and identical
results for the statistical analysis.

2.2. Substances used in the experiments

(+)-Tramadol HCI was purchased as an injectable solu-
tion (Contramal®, Prodotti Formenti, Milano, Italy). b-
Fenfluramine HCI was from Servier (Orleans, France) and
Ro 04-1284 (2-ethyl-1,3,4,6,7,11b-hexahydro-3-isobutyl-
9,10-dimethoxy-2H-benzo [a]quinalizin-2-ol hydrochlo-
ride) was from Hoffmann-La Roche (Basel, Switzerland).
[*H]5-HT was purchased from Amersham (Buckingham-
shire, UK).

3. Results

In the absence of pargyline, (+ )-tramadol showed no
releasing activity up to 30 wM while at 100 M it induced
a very low release of tritium (2.2 + 1.4%, mean + SE.,
n = 3 experiments), much lower than the release induced
by 5 wM bp-fenfluramine (15.2 + 1.2%) (Fig. 1A). The
classical 5-HT uptake blocker citalopram, tested at a con-
centration (1 wM) which should completely inhibit 5-HT

transport, had no releasing activity (Fig. 1A), thus confirm-
ing that, with the superfusion apparatus used the released
neurotransmitter is immediately removed and cannot be
retaken up (Raiteri et d., 1974; Gobbi et d., 1992). Under
the same conditions, 1 wM citalopram antagonized d-fenf-
luramine-induced tritium release (77% inhibition at 1 wM,
Fig. 1B), which is known to be 5-HT carrier-mediated
(Levi and Raiteri, 1993; Crespi et a., 1997). The releasing
effect of p-fenfluramine was inhibited by (4 )-tramadol
too (45% and 77% inhibition at 10 and 100 wM, Fig. 1B).

In order to verify whether the reported releasing effects
of tramadol would require an increased concentration of
cytoplasmic 5-HT, we first repeated the experiment in the
presence of pargyline, as in previous studies (Driessen and
Reimann, 1992; Reimann and Schneider, 1998). In the
presence of 250 wM pargyline, however, 100 uM (+)-
tramadol ill had a very low releasing effect (tritium
overflow of 2.6 + 0.6%, mean+ S.E., n= 8 replications
from 2 experiments). We also evaluated the releasing
effect of (+)-tramadol in synaptosomes pre-exposed to 0.1
M Ro 04-1284, avesicular monoamine transporter type-1
inhibitor which rapidly depletes secretory vesicles (Colzi
et a., 1993), thus increasing the cytoplasmic 5-HT concen-
tration (in the presence of 250 wM pargyline), as con-
firmed by the increased [*HI5-HT outflow (Fig. 2A,B).
Under this condition, (4 )-tramadol also had a low releas-
ing effect (Fig. 2A). As expected, under these conditions,
the carrier-mediated releasing effect of 0.5 wM b-fenf-
luramine significantly increased (Fig. 2B). This experiment
with p-fenfluramine was carried out in the absence of
Ca®" in order to avoid exocytotic-like release (Gobbi et
al., 1992; Crespi et d., 1997). At this low concentration
(0.5 wM) and in the absence of Ca®*, p-fenfluramine-in-
duced release was very low, which indicates a very limited
effect of the drug on the synaptic vesicles.

4, Discussion

It was previously described that (4 )-tramadol inhibits
synaptosomal [*H]5-HT uptake in the low micromolar
range (1-3 M) (Driessen and Reimann, 1992; Raffa et al.,
1992; Driessen et al., 1993; Giusti et al., 1997). This effect
could be due to a citalopram-like effect (i.e., an action as a
pure 5-HT uptake blocker) or to a d-fenfluramine-like
effect (i.e, an action as a 5-HT carrier substrate). The
present data, obtained using [*H]5-HT preloaded synapto-
somes, support the former possibility. Thus, 10 uM (+)-
tramadol significantly inhibited the carrier-mediated d-
fenfluramine-induced [*H]5-HT release, as did citalopram,
but it did not mimic the [*H]5-HT releasing effect of
d-fenfluramine at concentrations up to 30 wM. These
experiments were carried out in the absence of pargyline,
i.e., in the absence of cytoplasmic 5-HT. However, we did
not measure the 5-HT-releasing effect of (+)-tramadol
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under experimental conditions which increase the cytoplas-
mic 5-HT concentration, i.e., in synaptosomes pre-exposed
to Ro 04-1284, a reserpine-like compound which rapidly
depletes secretory vesicles (Colzi et a., 1993). Under this
experimental condition, it is expected that a substrate of
the carrier favours carrier-dependent 5-HT release, accord-
ing to the phenomenon of ‘accelerated exchange diffusion’
(Trendelemburg, 1979). These data suggest that tramadol
is not a substrate of the 5-HT carrier and further confirm
the view that it is a classical 5-HT uptake blocker, in
agreement with data showing that in vivo tramadol has the
same influence on 5-HT turnover as fluoxetine (Frink et
al., 1996). We have no clear explanation for the discrep-
ancy with previous data (Driessen and Reimann, 1992;
Reimann and Schneider, 1998) obtained using [*H]5-HT-
preloaded dlices and showing a p-fenfluramine-like 5-HT-
releasing effect of tramadol. Possibly, the differences in
experimental models (slices vs. synaptosomes) could have
contributed to the different results.
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