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EFFECTS OF MAZINDOL, A
NON-PHENYLETHYLAMINE ANOREXIGENIC AGENT,
ON BIOGENIC AMINE LEVELS AND TURNOVER RATE
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I Mazindol is a new anorexigenic agent which possesses a different chemical structure from that of
phenylethylamines, but shows a pharmacological profile similar to that of (+)-amphetamine.
2 Mazindol neither altered whole brain monoamine levels (noradrenaline (NA), dopamine, 5-
hydroxytryptamine (5-HT)) nor changed NA levels in the hypothalamus or dopamine levels in the
caudate nucleus.
3 Mazindol enhanced dopamine turnover rate in the caudate nucleus, as shown by the increased rate
of dopamine decline after blockade of catecholamine synthesis by a-methyl-p-tyrosine and decreased
the conversion index of [3H1-tyrosine into brain NA.
4 Mazindol administration did not modify pargyline-induced decline of 5-hydroxyindoleacetic acid
suggesting that 5-HT turnover is not altered by this drug.

Introduction

Food intake can be suppressed by drugs, such as
fenfluramine and (+)-amphetamine which have many
diverse behavioural and biochemical properties but are
both anorectics. Considerable evidence suggests that
the anorectic effect of (+)-amphetamine is mediated
by interactions with brain catecholamines (Weissman,
Koe & Tenen, 1966; Holtzmann & Jewett, 1971;
Schulz & Frey, 1972; Kruk, 1973; Groppetti,
Barzaghi & Mantegazza, 1973a; Groppetti, Zambotti,
Biazzi & Mantegazza, 1973b; Leibowitz, 1975), while
fenfluramine, although chemically related to (+)-
amphetamine, induces anorexia via direct or indirect
indoleamine-like effects (Funderburk, Hazelwood,
Ruckart & Ward, 1971; Samanin, Ghezzi, Valzelli &
Garattini, 1972; Clineschmidt, 1973; Jespersen &
Scheel-Kriiger, 1973).

Mazindol (5-hydroxy-5-p-chlorophenyl-2,3-
dihydro-5H-imidazo-2,1-a-isoindole) (Figure 1), a
drug with a different chemical structure from those of
the 5-phenylethylamines, was found in our
laboratories to possess a behavioural profile
similar to that of (+)-amphetamine (Zambotti,
Carruba, Barzaghi, Vicentini, Groppetti &
Mantegazza, 1975). In fact mazindol, when given to
rats, in addition to causing anorexia, increased motor
activity and body temperature, elicited stereotyped
behaviour and caused turning in animals with
unilateral nigro-striatal lesions. Thus, it seemed of
interest to investigate whether mazindol and (+)-
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Figure 1 Chemical structure of mazindol.

amphetamine share not only their common
behavioural profile, but also similar biochemical
mechanisms. To this purpose, experiments on biogenic
amine levels in whole brain and in discrete brain areas
have been performed. In addition, because of the
results obtained from these preliminary experiments,
we decided to study the action of behaviourally active
doses of mazindol on the turnover rate of brain 5-
hydroxytryptamine (5-HT), noradrenaline (NA) and
striatal dopamine.
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Methods

All the experiments were performed on male Sprague-
Dawley rats (Charles River) (150-200 g). Animals
were killed by decapitation, the brain was removed,
and in some instances the hypothalamus or caudate
nucleus was dissected out, frozen on dry ice and
stored at -200C until assayed. Details of dose and
time are given in the relevant places throughout the
paper.

Determination ofcatecholamines

The tissues were homogenized in ice-cold 0.4 N
perchloric acid containing 0.1% metabisulphite
(Na2S20) and centrifuged. The catecholamines in the
supernatant fluid were absorbed onto A1203 and then
extracted with 0.2 N acetic acid as described by
Brodie, Comer, Costa & Dlabac (1966a) and assayed
fluorimetrically according to the method of Chang
(1964).

Determination of 5-hydroxyindoleacetic acid and 5-
hydroxytryptamine

The brain was homogenized with 10 volumes of
acidified butanol and centrifuged. The butanol phase
was used for 5-HT and 5-hydroxyindoleacetic acid (5-
HIAA) determination as described by Curzon &
Green (1970).

Measurement ofdopamine turnover

Rats were injected intraperitoneally with 300 mg/kg of
a-methyl-p-tyrosine methylester hydrochloride
(AMPT) 15 min after mazindol (5 or 10 mg/kg, s.c.)
or 0.9% w/v NaCl solution (saline) and killed 1.5 and
3 h thereafter. The caudate nucleus was then
immediately dissected from the brain and stored
frozen at -200C until assayed. The frozen tissue

samples were homogenized in 0.4 N perchloric acid
and dopamine was assayed as previously described.
The turnover rate of caudate dopamine was calculated
from the product of the steady state of dopamine and
the rate constant of dopamine decline (Brodie, Costa,
Dlabac, Neff & Smookler, 1966b).

Measurement ofnoradrenaline turnover

[3,5-3H1-L-tyrosine was diluted in saline so that an
injection volume of 0.5 ml per 100 g body weight
corresponded to 1.0 mCi/kg. Mazindol was injected
subcutaneously 40 min before the intravenous
injection of [3H]-tyrosine. Animals were killed 20 min
after the injection of the labelled compound. Brain
samples were homogenized in 0.4 N perchloric acid
containing 0.1% sodium metabisulphite. The
homogenate was centrifuged and 4.7 ml of the
supernatant fluid were removed and adjusted to
pH 4.2 by addition of 0.3 ml of 1OM potassium
acetate. After a second centrifugation, 4 ml of the
clear supernatant fluid was placed on a Dowex AG
50Wx4, 200-400 mesh, column (25 mm x 25 mM2)
prepared as described by Haggendal (1963). Elution
of the columns and radiometric and fluorimetric assay
of NA and tyrosine were done as described by Neff,
Spano, Groppetti, Wang & Costa (1971). The
conversion index (CI) of the [3H]-tyrosine into brain
NA was determined by dividing the radioactivity of
the amine (d min-' g-') by the specific activity (sp.
act.) of tyrosine (Ty) (Costa et al., 1971).

CI
d min-' g-1 (NA)

sp. act. (Ty)

Measurement ofS-hydroxytryptamine turnover

Brain 5-HT turnover rate was calculated, as described
by Neff, Tozer & Brodie (1966), from the decline of
brain 5-HIAA after intraperitoneal administration of

Table 1 Whole brain monoamine concentrations (noradrenaline (NA), dopamine (DA) and 5-
hydroxytryptamine (5-HT)) in the rat after administration of different doses of mazindol

Dose
Treatment (mglkg s.c.)

Saline
Mazindol 2.5

5.0
10.0
5.0
2.5
5.0

10.0

Time*
(h)

3
5
5
5

NA

0.43 + 0.007
0.47 +0.018
0.45 + 0.020
0.42 ±0.010
0.40 +0.014
0.45+0.016
0.47 +0.010
0.41 +0.005

DA
(gg/g ± s.e.)

1.08 ± 0.024
1.07 +0.040
1.07 +0.012
1.08 +0.022
1.00 ± 0.020
1.18+0.043
1.15 ±0.053
1.11 +0.052

5-HT

0.58+0.017
0.59+0.021
0.55±0.021
0.59+0.011
0.56+0.016
0.62 + 0.032
0.56 ± 0.032
0.57 ±0.018

* Time after the drug administration when animals killed. Each value represents the mean + s.e. of 10-20 rats.
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90 mg/kg pargyline alone or 10 min after mazindol
5 mg/kg subcutaneously. Animals were killed 30 and
60 min after pargyline administration.

Statistics

Data were analyzed using Student's t test; the level of
significance was chosen as P=0.05. The method of
least squares was used to calculate the best-fit curves.
Furthermore an analysis of variance has been
performed in order to evaluate the significance of the
regression and parallelism.

Drugs

Drugs were dissolved in 0.9% w/v NaCl solution
(saline) unless otherwise stated. The injection volume
was always 0.5 ml per 100 g body weight. For
mazindol the doses refer to the base, for the other
drugs to the salt. a-Methyl-L-p-tyrosine methylester
hydrochloride and pargyline hydrochloride were
generously supplied by Hoffman-La Roche, Research
Division, Basel, and mazindol by Sandoz, Milan.
[3,5-3HJ-L-Tyrosine (53 Ci/mmol) was obtained from
the Radiochemical Centre, Amersham.

Results

Effect of mazindol on rate of caudate dopamine
decline after a-methyl-p-tyrosine

Table 4 shows the effect of mazindol on the decline of
caudate dopamine concentrations elicited by AMPT.
In saline-treated rats, after blockade of catecholamine
synthesis with AMPT (300 mg/kg, i.p.), the caudate
dopamine concentrations declined exponentially with
a rate constant of 0.28 ± 0.027 (h-1). Fifteen min after
mazindol administration (5 or 10 mg/kg, s.c.) caudate
dopamine levels were unaffected and the rate of the
dopamine decline after AMPT was statistically higher
than that of controls only when 10 mg/kg was injected
(Table 4).

Effect of mazindol on turnover rate of brain
noradrenaline

The effects of mazindol and saline on the CI of [3H]-
tyrosine into brain NA were compared. The results
shown in Table 5 indicate that mazindol at a dose of
2.5 and 5 mg/kg subcutaneously did not change the
concentrations and the sp. act. of brain tyrosine and
did not alter steady state levels of brain NA of rats
receiving the labelled compound 40 min after the drug.
Mazindol at these doses decreased the CI of tyrosine
into NA and the effect was statistically significant and
dose-related.

Tissue concentrations ofmonoamines

The concentrations of NA, dopamine and 5-HT in
brain tissue at different times after the subcutaneous
injection of various doses of mazindol (2.5, 5 or
10 mg/kg, s.c.) are shown in Table 1. These data
indicate that brain amine levels were not significantly
different from those of the controls at any dose and
any time studied. Similarly, administration of the same
doses of mazindol did not alter the hypothalamic NA
content when measured 1 h after drug treatment
(Table 2). Table 3 shows that the concentrations of
caudate dopamine were also unaffected after injection
of mazindol, 2.5, 5 or 10 mg/kg subcutaneously over a
5 h period.

Table 2 Hypothalamic noradrenaline (NA) con-
centrations in the rat after acute administration of
different doses of mazindol

Dose NA *
Treatment (mg/kg s.c.) 6Lg/g + s.e.)

Saline
Mazindol 2.5

5.0
10.0

2.57 + 0.06
2.37 + 0.15
2.68+0.10
2.46 +0.16

* One hour after treatment. Each value represents the
mean + s.e. of 5 animals.

Table 3 Effect of mazindol on caudate dopamine concentrations in the rat.

1

110±4.5
103 + 6.6
107 + 2.1

Dopamine
(hours after treatment)

3 5

89+2.8
108±2.9 99+6.3

100±4.9

The figures indicate mean values ±s.e. for 8 rats and are expressed as % of control values. Control values:
dopamine 10.28 + 0.44 gg/g.

Dose of
mazindol

(mg/kg s.c.)

2.5
5.0

10.0
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Effect of mazindol on 5-hydroxyindoleacetic acid rate Discussion
ofdecline after pargyline

The brain biogenic amines (NA, dopamine, 5-HT)
The rate of decline of brain 5-HIAA after treatment levels were measured in rats receiving behav-
with pargyline (90 mg/kg, i.p.), as is shown in Table 6, iourally active doses of mazindol over a 5 h time
could not be altered by administration of mazindol, period. None of the doses injected caused a change of
(5 mg/kg, s.c.). Calculation of turnover rate constants these amine concentrations at any time studied. No
gave a value of K=0.75 + 0.03 (h-1) for saline-treated changes were detected even when NA and dopamine
controls that was not -statistically different from that levels were measured in the hypothalamus and in the
obtained in mazindol-pretreated animals caudate nucleus respectively. Thus, these results
(K= 0.84 + 0.02 h-'). indicate that mazindol is not similar to (+)-

Table 4 Turnover rates and turnover times of caudate dopamine, measured from dopamine decline, after
blockade of synthesis by a-methyl-p-tyrosine (AM PT) (300 mg/kg i.p.)

Treatment

Controls

Mazindolt
(5 mg/kg s.c.)

Controls

Mazindolt
(10 mg/kg s.c.)

Steady-state
levels

(iig/g + s.e.)

9.25 + 0.30

10.02 +0.26

11.63 +0.43

12.02 + 0.34

Rate constant
of amine loss
(K(h-1) + s.e.)

0.28+ 0.027

0.37 + 0.030

0.29 +0.032

0.55 + 0.035*

Turnover timet
(h)

3.5

2.6

3.4

1.8

Turnover ratet
(gg g'- h-1)

2.64

3.73

3.39

6.61

*P<0.01.
t Turnover rate is the product of the steady state level and K, the rate constant of dopamine decline; turnover
time is 1/K. t Mazindol was given 15 min before AMPT treatment.

Table 5 Effect of mazindol on conversion of [3,5-3H]-L-tyrosine into brain noradrenaline (NA)

2.5
7
8

7
5.0 6

Tyrosine
(d min- nmolf-
+s.e. x 10-3)

5.24 + 0.28
5.97 ±0.23

3.59 +0.08
4.22 +0.331

NA
(nmol/g ± s.e.)

2.40 ± 0.13
2.49±0.11

1.95 +0.08
2.04 + 0.08

Conversion index
(NA nmolg-'
20 min- + s.e.)

0.56+0.06
0.38 + 0.02*

0.49 + 0.03
0.22 +0.01t

* P<0.02; tP<0.001.

Table 6 Turnover rate of brain 5-hydroxytryptamine (5-HT) and turnover time of 5-hydroxyindoleacetic acid
(5-HIAA) as measured from the decline of 5-hydroxyindoleacetic acid after pargyline

Steady-state
brain level of

5-HIAA

Rate constant
of 5-HIAA loss

after
pargyline

(Lljgg ± s.e.) (K(h-') ± s.e.)

0.662 + 0.04 0.754 + 0.036
0.717 ±0.03 0.845 + 0.025

Turnover time
of 5-HIAA

(h)

1.32
1.18

Turnover rate of5-HT

(ig g-t h-1)

0.4994
0.6063

Dose
Treatment (mg/kg s.c.) No. of rats

Saline
Mazindol

Saline
Mazindol

Treatment

Controls
Mazindol

(5 mg/kg s.c.)
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amphetamine or fenfluramine since (+)-amphetamine
decreases tissue concentrations of NA (McLean &
McCartney, 1961; Moore & Lariviere, 1963; Carr &
Moore, 1969; Groppetti & Costa, 1969; Costa,
Groppetti & Revuelta, 1971) while fenfluramine
reduces both 5-HT and NA concentrations of brain
tissue (Duce & Gessa, 1966; Opitz, 1967; Duhault &
Verdavainne, 1967; Costa etal., 1971).

Since changes in the turnover rates of neuro-
hormones are believed to be a better index of neuronal
activity than changes in the concentrations of the
amines, which might remain virtually unchanged
despite marked changes in their rates of synthesis,
turnover studies of brain NA, 5-HT and striatal
dopamine were performed. The data obtained clearly
show that mazindol, like (+)-amphetamine (Groppetti,
Misher, Naimzada, Revuelta & Costa, 1972;
Groppetti et al., 1973b) increases the dopamine
turnover rate in the caudate nucleus. However, in
contrast to (+)-amphetamine and fenfluramine
(Groppetti et al., 1972; Groppetti et al., 1973b)
mazindol decreases the incorporation rate of PHI-
tyrosine into brain NA in a dose-related manner.
Furthermore, in our experimental conditions,
mazindol did not modify the rate constant of 5-HIAA
decline following pargyline administration. In a
previous report (Zambotti et al., 1975), on the basis of
the observation that the anorectic effect of mazindol
can be antagonized by pretreatment with AMPT, an
inhibitor of catecholamine synthesis (Spector,
Sjoerdsma & Udenfriend, 1965), and with pimozide, a
selective dopamine blocker (Anden, Butcher, Corrodi,
1970), we pointed out that a presynaptic dopaminergic
mechanism resulting in increased dopamine release
might be involved in mazindol-induced anorexia.
Further support for the suggestion that mazindol
causes dopamine release comes from the finding that
rats with unilateral lesions in the substantia nigra
began to rotate to the side of the lesion (behaviour

related to dopamine release in the striatum of the non-
lesioned side) after the administration of mazindol
(Zambotti et al., 1975). The present data on dopamine
turnover also confirm this hypothesis on a biochemical
basis and are consistent with an observation of Jori &
Dolfini (1974) who found an increase in the brain
homovanillic acid concentration after 15 mg/kg of
mazindol. Thus, we might conclude that the
mechanisms whereby mazindol induces anorexia and
turning behaviour depend upon an increased synthesis
and release of dopamine from its nerve terminals.
Among the several possibilities for the effects of
mazindol on NA, the one that appears most likely is
that the deceleration of NA turnover by mazindol
could be the result of an increased receptor stimulation
which, through a negative feed-back mechanism,
inhibits NA biosynthesis in the presynaptic neurones.
It has been recently reported, in fact, by Engstrom,
Kelly & Gogerty (1975) that mazindol is able to block
the neuronal uptake of NA, as shown by the reduction
in uptake of intraventricularly injected [3HI-NA.

The failure to detect any alteration of the pargyline-
induced decline of brain 5-HIAA after mazindol
treatment can be taken as evidence that this drug does
not modify 5-HT turnover. Based on this finding, it
seems possible to rule out for mazindol-induced
anorexia, the same mechanism of action suggested for
fenfluramine (Funderburk et al., 1971; Samanin et al.,
1972; Jespersen & Scheel-Kriuger, 1973;
Clineschmidt, 1973). In conclusion, mazindol,
although having a behavioural profile similar to that of
(+)-amphetamine (Zambotti et al., 1975) shows some
differences in its neurochemical effects. Moreover the
data reported here show that mazindol does not share
any biochemical effects with fenfluramine.

This work was supported by C.N.R. grant No. 74.00222.
04.115.2380.
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