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DOPAMINE-LIKE PROPERTIES OF EPHEDRINE IN RAT BRAIN

M.R. ZARRINDAST

Department of Pharmacology, Faculty of Medicine, University of Tehran, Tehran, Iran

1 Ephedrine (3.1-50 mg/kg) was given intraperitoneally to rats and was found to cause a marked
increase in spontaneous locomotor activity.
2 In rats with a unilateral lesion in the substantia nigra made by stereotaxic injection of
6-hydroxydopamine, ephedrine (12.5-150 mg/kg i.p.) caused a dose-dependent turning towards
the lesioned side.
3 Turning behaviour and increase in locomotion produced by ephedrine were antagonized by
pretreatment of the animals with pimozide, amino-oxyacetic acid or reserpine plus a-methyl-p-
tyrosine, but not by pretreatment with phenoxybenzamine, propranolol or methergoline.
4 In in vitro studies with synaptosomes prepared from rat brain, ephedrine blocked the uptake and
caused the release of [3H]-dopamine.
5 Similar results with regard to locomotion and turning behaviour were obtained with (+)-

amphetamine.
6 It is concluded that the increase in locomotion and turning behaviour produced by ephedrine is
mediated through an indirect dopaminergic mechanism.

Introduction Methods

Ephedrine is one of the ancient drugs and different
observations (Chen & Schmidt, 1925; Angrist, Rot-
rosen, Kleinberg, Merriam & Gershon, 1977) sug-
gest that this drug, like amphetamine, might act on
adrenoceptors and dopamine receptors. Its central
nervous system stimulant properties have made it the
drug of choice in the treatment of narcolepsy.
Psychosis from therapeutic doses of ephedrine and
amphetamine have been observed in narcoleptic
patients (Young & Scoville, 1938). In asthmatics
treated with ephedrine, psychosis has also been re-
ported (Herridge & a'Brook, 1968). Kane & Floren-
zano (1971) reported a case of psychosis with a
bronchodilator containing ephedrine in a very low
dose. It should be noted that the role of dopamine in
the pathogenesis of psychotic symptomatology is of
current interest (Snyder, Banerjee, Yamamura &
Greenberg, 1974). There is experimental evidence
showing that y-aminobutyric acid (GABA) carrying
neuronal pathways exert an inhibitory control over
central dopaminergic neurones (Roth & Suhr, 1970;
Anden, 1974; Stevens, Wilson & Foote, 1974;
Carlsson, 1975; Fuxe, Hokfelt, Ljungdahl, Agnati,
Johansson & Perez de la Mora, 1975). In the present
study, the effects of ephedrine on the locomotor
activity and turning behaviour of rats and its possible
interaction with the GABAergic system were investi-
gated.
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Male albino rats weighing 200-250g were used in
these experiments.

Locomotor activity

Locomotor activity was measured with an activity
meter, Animex, Type S (LKB Farrad). Groups of 4
animals were injected intraperitoneally with drugs
and placed in a plastic cage for test trials lasting 3 h.
Counts were made for 5 min at the times indicated in
the Figures.

Turning activity

Groups of rats were anaesthetized with sodium pen-
tobarbitone (40 mg/kg i.p.) and placed in a David
Kopf stereotaxic frame. A unilateral injection of
6-hydroxydopamine (6-OHDA, 25 pg/rat) in 5 pl
was made in the region of zona compacta of the
substantia nigra at coordinates A 2.4, L 1.7, V
1.9-2.9 (Konig & Klippel, 1967). Turning responses
to drugs were determined 14 days post-operatively.
At least 4 days separated drug treatments. Turning
activity was measured by direct observation of indi-
vidual rats placed in round bottom plastic bowls of
40 cm diameter. The number of turns was recorded
for 5 min at the times indicated in the Figures. Each
point represents the result of at least 6 experiments.
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Uptake and release studies

Male rats (200-250g) were killed by a blow on the
head and exsanguinated. Brains were removed im-
mediately and striatal synaptosomes were prepared.
The ability of ephedrine to inhibit uptake and to
release [3H]-dopamine from synaptosomes was
tested according to the method described previously
(Kruk & Zarrindast, 1976).

Statistical analysis was carried out by Student's t
test.

Drugs

The following drugs were used: (-)-ephedrine hyd-
rophloride (Sigma), amino-oxyacetic acid (AOAA,
Sigma), (+ )-amphetamine sulphate (SK&F),
pimozide (Janssen), 6-hydroxydopamine hydrobro-
mide (Sigma), DL-ax-methyl-p-tyrosine methylester
(AMPT, Sigma), reserpine (Serpasil amp., Ciba-
Geigy), [3H]-dopamine hydrochloride (8.5 Ci/mmol)
(The Radiochemical Centre, Amersham), phen-
oxybenzamine hydrochloride (SK&F), (-)-
propranolol (ICI) and methergoline (Pharmatalia).

Results

Behavioural activity

Tuming activity Dose-response curves of turning
induced by ephedrine (12.5-150 mg/kg i.p.) are
shown in Figure 1. Ephedrine caused a dose-
dependent turning response to the lesioned side. The
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Figure 1 Turning behaviour caused by ephedrine in
rats with a unilateral 6-hydroxydopamine lesion in the
substantia nigra. Rats were injected intraperitoneally
with ephedrine (a) 150, (b) 100, (c) 50, (d) 25 and (e)
12.5 mg/kg. Abscissa scale: time in min after injection of
the drug; ordinate scale: turns/5 min (towards the side of
the lesion). Each point is the mean of at least 6 observa-
tions. Vertical bars indicate the s.e.mean.

maximum turning response was achieved with
100 mg/kg of ephedrine. In parallel experiments with
(+)-amphetamine, similar results were obtained,
2.5 mg/kg of (+)-amphetamine producing maximum
response. Indirect receptor stimulant drugs such as
(+)-amphetamine cause turning towards the
lesioned side by releasing dopamine from the un-
lesioned side (Ungerstedt, 1971). Therefore, it can
be concluded that ephedrine acts indirectly in a man-
ner similar to (+)-amphetamine. Pretreatment with
reserpine (5 mg/kg i.p., 16 h before the injection
period) plus AMPT (250mg/kg i.p., 1 h), the
GABA-transaminase inhibitor, amino-oxyacetic
acid (AOAA, 40mg/kg i.p., 90 min) or pimozide
(0.5 mg/kg i.p., 2 h) antagonized the turning effects
of ephedrine (50 mg/kg, Figure 2) and (+)-
amphetamine (2.5 mg/kg). Phenoxybenzamine
(5 mg/kg i.p., 1 h), propranolol (10 mg/kg i.p., 1 h) or
methergoline (0.5 mg/kg i.p., 2 h) did not alter the
turning responses induced by ephedrine.
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Figure 2 Turning behaviour caused by ephedrine
(50mg/kg, i.p.) in rats with a unilateral 6-
hydroxydopamine lesion in the substantia nigra. Rats
were injected with ephedrine alone (-) or in combina-
tion with (A) pimozide (0.5 mg/kg, i.p., 2 h); (0) amino-
oxyacetic acid (40 mg/kg, i.p., 90 min) or (0) reserpine
(2.5 mg/kg, i.p., 16 h) plus a-methyl-p-tyrosine
(250 mg/kg, i.p., 1 h). Abscissa scale: time in min after
injection of ephedrine; ordinate scale: turns/5 min (to-
wards the side of the lesion). Each point is the mean of at
least 6 observations. Vertical bars indicate s.e.mean.

Locomotor activity Dose-response curves of
locomotor activity induced by ephedrine are shown
in Figure 3. Rats receiving either ephedrine (3.1-50
mg/kg i.p.) or (+)-amphetamine (1.25-5 mg/kg i.p.)
showed a significant increase in locomotor activity.
Pretreatment with reserpine plus AMPT, AOAA or
pimozide inhibited the locomotor activity induced by
ephedrine (Figure 4) or (+)-amphetamine. Phen-
oxybenzamine, propranolol or methergoline did not
alter the responses to ephedrine.
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Figure 3 Ephedrine-induced locomotor activity. Rats
were injected intraperitoneally with ephedrine: (a) 50,
(b) 25, (c) 12.5, (d) 6.25 and (e) 3.1 mg/kg. Abscissa
scale: time in min after injection of ephedrine; ordinate
scale: locomotor activity, counts/5 min. Each point is the
mean of at least 6 observations. Vertical bars indicate
s.e.mean.

Biochemical assays

Effects of ephedrine on uptake and release of [3H]-
dopamine in striatal synaptosomes are shown in
Table 1. Ephedrine blocked the uptake of [3H]-
dopamine into rat striatal svnaptosomes (IC50 =
120 ± 11 nM). It also released [ H]-dopamine but this
latter effect was very weak (RC50 = 115 + 5pM) as
compared with amphetamine (Kruk & Zarrindast,
1976).

Discussion

Intraperitoneal injection of either ephedrine or (+)-
amphetamine to rats caused a marked increase in
locomotion. These drugs, injected intraperitoneally
in rats with unilateral lesion in the substania nigra,
made them turn to the side of the lesion. Pretreat-
ment with reserpine, a depletor of catecholamines,
and AMPT, an inhibitor of the synthesis of
catecholamines, antagonized these effects of both
drugs. Amphetamine is thought to exert its influence

Table 1 Effects of ephedrine and (+)-amphetamine
neostriatum synaptosomes
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Figure 4 Ephedrine-induced locomotor activity. Rats
were injected with ephedrine (12.5 mg/kg, i.p.) alone
(A) or in combination with (A) pimozide (0.5 mg/kg,
i.p., 2 h), (0) amino-oxyacetic acid (40 mg/kg, i.p., 90
min) or (O) reserpine (2.5 mg/kg, i.p., 16h) plus a-
methyl-p-tyrosine (250 mg/kg, i.p., 1 h). Abscissa scale:
time in min after injection of ephedrine; ordinate scale:
locomotor activity, counts/5 min. Each point is the mean
of at least 6 observations. Vertical bars indicate
s.e.mean.

on locomotor hyperactivity and stereotyped be-
haviour via endogenous catecholamines (Weissman,
Koe & Tenen, 1966). From the present experiments
one can conclude that locomotion and turning be-
haviour induced by ephedrine is similar to (+)-
amphetamine and is mediated through the build up of
the level of endogenous catecholamines. Turning
and locomotion induced by ephedrine and (+)-
amphetamine were abolished by pimozide, a
dopamine receptor blocker, but not by phenoxy-
benzamine, propranolol or methergoline which
are a-adrenoceptor, 3-adrenoceptor and 5-
hydroxytryptamine receptor blockers, respectively.
Therefore, it seems likely that both effects were
achieved through dopaminergic systems. Our results
support the observation of Angrist et al. (1977) on
stereotyped behaviour of rats induced by ephedrine.
Ephedrine inhibits the uptake of [3H]-dopamine into
synaptosomes at a concentration three orders of
magnitude lower than that needed to release [3H]-
dopamine from synaptosomes. The doses of ephed-
rine needed to induce turning and locomotor activity
are in the range of dopamine-releasing concentration
of the drug. Therefore, it is suggested that the drug
acts indirectly possibly through both the inhibition of
uptake and release of dopamine.

Pretreatment with the GABA-transaminase in-

on the uptake and release of [3H1-dopamine by rat

Drug

Ephedrine
(+)-Amphetamine*

IC50 uptake

120± 11 nM (6)
66 ± 15 nM (6)

RC50 release

115 ±5 pM (6)
0.25 ± 0.22 pM (6)

*Data for (+)-amphetamine are from Kruk & Zarrindast (1976). Figures in parentheses indicate number of
experiments.
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hibitor AOAA (Wallach, 1961) reduced turning and
locomotion induced by ephedrine and (+)-
amphetamine. This finding suggests that the brain
GABA system might exert an inhibitory influence on
the behavioural parameters measured in the present
study.

I wish to thank Professor M.A. Khoyi for his suggestions
and criticism of the manuscript and Mr M. Bafekr Shirvan
for his skilful technical assistance.
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