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Abstract—The anorexigenic effects of d-amphetamine and of d-p-chloroamphetamine
have been compared in male rats; the p-chloro compound proved to be 1-5-2 times
more active than d-amphetamine. The suppression of food intake provoked by an EDgs
of d-amphetamine could be antagonized by the following treatments: p-chlorophenylala-
nine (300 mg/kg orally, twice, 72 and 48 hr before the experiment), cyproheptadine
(0-4-1-6 mg/kg i.p.), e-methyltryosine (5 and 10 mg/kg i.p.), disulfiram (200-600 mg/kg
orally), phentolamine (0-5 and 1 mg/kgi.p.) and haloperidol (0-03-0-4 mg/kg i.p.).
All these treatments either reduced the hypothalamic turnover of noradrenaline or
blocked the receptors of this amine, which therefore is considered as the mediator of
the anorexigenic effect of amphetamine. The effect of an EDgs of d-p-chloroamphetamine
was antagonized by p-chlorophenylalanine, a-methyltyrosine and disulfiram in the
doses mentioned above. Cyproheptadine had an effect only with the lowest dose used,
and the antagonistic effects of phentolamine and especially of haloperidol were much
weaker than in the case of amphetamine. These antagonistic effects and the alterations
in levels and turnover of hypothalamic 5-HT, noradrenaline and dopamine suggest a
participation of catecholamines and 5-HT in the mediation of the anorexigenic effect
of p-chloroamphetamine.

AMPHETAMINE and its derivatives are usually regarded as indirectly acting sympatho-
mimetics, and a mediation of the anorexigenic effect of this group of drugs by
catecholamines appeared thus likely. However, especially the halogenated derivatives
of amphetamine which, like fenfluramine and p-chloroamphetamine, also are known
for their appetite-reducing action, have a strong effect on the central metabolism of 5-
hydroxytryptamine (5-HT), too,!~3 and such an effect, though somewhat less pro-
nounced, has also been shown for amphetamine itself.*~¢ On the other hand, there
are clinical reports on an appetite-enhancing action of the 5-HT antagonist cypro-
heptadine,”~*! and this coincidence prompted the working hypothesis of a trypt-
aminergic mediation of drug-induced anorexia.

A role of 5-HT in the mediation of anorexigenic drug effects has been discussed
repeatedly in the last years,312~14 but the results of these authors have not been
unequivocal. Other studies point to a predominant role of catecholamines, especially
of noradrenaline, as mediators of the anorexigenic effect of amphetamine.!4~18

In order to gain insight into the question of the central mediation of anorexigenic
drug effects, we have tried to antagonize the anorexigenic effect of d-amphetamine
and d-p-chloroamphetamine in rats by pretreatment with drugs known to affect
levels and turnover of the central monoamines 5-HT, noradrenaline and dopamine,
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or to block the receptors for these amines. Further, the influence of both ampheta-
mines and the antagonistic drugs on level and turnover of the monoamines in the
hypothalamus, where the feeding and satiety centers are located, was studied.

MATERIAL AND METHODS

Male rats of Wistar Il strain, weighing 250-350 g were used throughout (Tierziich-
terei Briinger, D-4801 Bokel).

The anorexigenic experiments were done following the procedure of Spengler and
Waser.!? The rats were kept singly in Makrolon cages and trained for 1 week only
to have access to food (Altromin M 6) from 9 a.m. to 4 p.m. The food intake from
9 to 11 a.m. was measured and used for the calculation of the control intake. On
the experimental day, the rats were treated orally with the anorexigenic drug at 8 a.m.
and food intake from 9 to 11 a.m. was again measured. Each treatment was given to
at least 10 rats. The rats were only used once since p-chloroamphetamine especially
is known to have long-lasting after-effects on central 5-HT.29-2!

With the 2 amphetamines, at first the EDs, for suppression of food intake to below
5 g/2 hr was determined using the method of Litchfield and Wilcoxon.?2 In the later
experiments in which we tried to antagonize the anorexigenic effect, the EDy5 of both
drugs was given. Using these doses, the distribution of food intake was in the vicinity
of zero and correspondingly skew, so the logarithms of food intake were used for the
calculation of the geometrical means and the range for one S.D. A food intake of
zero was set to 0-1 g in order to make the calculation of the geometrical means
possible.

Pretreatments. p-Chlorophenylalanine (Labkemi, Go6teborg, Sweden) was given
orally as a suspension in 5 per cent gum acacia once, 48 hr, or twice, 72 and 48 hr,
before the experiment. Cyproheptadine-HCI (Sharp and Dohme GmbH, Miinchen)
was given i.p. 30 min before the feeding period. a-Methyltyrosine (Labkemi) was
brought into solution with the aid of diluted hydrochloric acid and injected i.p., 2 hr
before the feeding period. Disulfiram (A/S Dumex, Copenhagen, Denmark) was
given orally as a suspension in 5 per cent gum acacia, 3 hr before the feeding period.
Catecholamine anatagonists were injected i.p.: phentolamine (Regitin®) at the
beginning of the feeding period, chlorpromazine (Megaphen®) and propranolol
(Dociton®) 30 min, and haloperidol (Haloperidol®, Janssen) 3 hr before.

Monoamine determinations. In parallel experiments, levels and turnover of 5-HT,
noradrenaline and dopamine were determined in the hypothalamus of rats that were
kept under conditions identical to those of the feeding experiments. At least six
determinations were done for each treatment or point of time. The hypothalamus was
dissected according to Miller ef al.?®; 5-HT and 5-HIAA were determined by the
method of Curzon and Green,2# the catecholamines by that of Chang.2® The turnover
of 5-HT was determined by the method of Neff et al.26 during the first 90 min of
the feeding period in the anorexigenic experiments, the turnover of the catechol-
amines by the method of Brodie et al.?” during the 2 hr of the feeding period.
In the latter method which is based upon inhibition of catecholamine biosynthesis
by a-methyltyrosine, i.p. injection of 100 mg/kg of this drug proved to be sufficient.

Anorexigenic drugs. d-Amphetamine sulfate (Merck, Darmstadt) and d-p-chloro-
amphetamine hydrogentartrate (Leo Pharmaceutical Products, Ballerup, Denmark)
were used. Doses are given in terms of the base.
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Statistics. The significance of differences was calculated by Student’s #-test.

RESULTS

Anorexigenic effect of d-amphetamine and d-p-chloroamphetamine. After 1 week on
the feeding schedule, food intake during the first 2 hr of the daily feeding period had
stabilized to 11-7 4+ 1-5 g (means + S.D.) in a total of 180 rats.

Taking depression of food intake to below 5 g within these 2 hr as criterion, an
oral EDs, of 1:05mg/kg (0-72-1'5) d-amphetamine (= 7-8 umoles/kg) and of
0-92 mg/kg (0-72-1-2) d-p-chloroamphetamine (== 5-4 pmoles/kg) was determined.
On a molar base, the p-chloro compound has thus 1-44 times the anorexigenic po-
tency of d-amphetamine.

The EDy5 of d-amphetamine was 2-85 mg/kg (21 pmoles/kg), that of d-p-chloro-
amphetamine 1-95 mg/kg (11-5 umoles/kg), corresponding to a molar potency ratio
of 1-83 in favor of the halogenated compound. The EDg5 of both drugs reduced food
intake within the first 2 hr of the feeding period to 0-5 g (0-1-2-5). This figure is based
on 94 rats in the case of d-amphetamine and on 85 rats in the case of the p-chloro
compound.

Antagonism to the anorexigenic effect of d-amphetamine and d-p-chloroamphetamine.
In these experiments, the EDys of both amphetamines was used. The results of the
experiments are depicted in Figs. 1 and 2.

d-Amphetamine, d-p-Chloroamphetamine,
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Fic. 1. Influence of p-chlorophenylalanine and cyproheptadine on the anorexia produced by an

EDos of d-amphetamine or d-p-chloroamphetamine in rats. The columns give the geometrical means

of food intake with the range for one S.D. The significance of the difference to the food intake in

rats only treated with the amphetamines is indicated above the columns. Food intake in untreated
controls was 11-7 - 1-5 g.

Pretreatment with p-chlorophenylalanine, 300 mg/kg orally once, 48 hr before the
experiment, had no effect on the anorexigenic action of d-amphetamine and was only
weakly antagonistic to that of the p-chloro compound, though it reduced the hypo-
thalamic 5-HT by more than 70 per cent and the turnover of this amine to near zero
(Table 1). When the drug was given twice, 72 and 48 hr before the experiment, a
clear antagonism to both amphetamines was apparent. Food intake rose to about
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4 g/2hr. The 5-HT antagonist cyproheptadine displayed a rather weak, dose-
dependent antagonism to d-amphetamine in the dose range from 0-4 to 1-6 mg/kg,
but only the lowest of these doses antagonized the effect of p-chloroamphetamine.

d-Amphetamine, 2.85 mglkg orally (ED95)
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FiG. 2. Influence of drugs interfering with the biosynthesis of catecholamines or blocking catechol-
amine receptors on the anorexia produced by an EDys of d-amphetamine or d-p-chloroamphetamine.
For further explanation see Fig. 1. (N.S. = not significantly different from the controls.)

Doses of 5 and 10 mg/kg a-methyltyrosine antagonized the anorexigenic effect of
both amphetamines to about the same degree. With higher doses, this antagonism
was lost, probably on account of the sedative effect. Disulfiram displayed a highly
significant antagonism in the dose range from 200 to 600 mg/kg which was, however,
more pronounced in the case of d-amphetamine. Also the catecholamine antagonistic
drugs phentolamine and haloperidol proved to be most active against the anorexi-
genic effect of d-amphetamine. Phentolamine had a rather pronounced effect against
amphetamine in doses of 0-5 and 1 mg/kg, but was only weakly antagonistic to p-
chloroamphetamine in doses of 1 and 1-5 mg/kg, and haloperidol displayed a dose-
dependent antagonism to d-amphetamine in the range of 0-03 to 0-2 mg/kg, whereas
p-chloroamphetamine was weakly antagonized only by 0-02 mg/kg. Chlorpromazine
(0-05-1-6 mg/kg) and propranolol (0-1-2 mg/kg) lacked an antagonistic effect and
even led to a further depression of food intake.
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Influence of the amphetamines and of antagonists of their anorexigenic effect on level
and turnover of biogenic amines in the hypothalamus. The results of the determinations
of levels and turnover of 5-HT, noradrenaline and dopamine in the hypothalamus
after the different treatments are summarized in Table 1.

The turnover of 5-HT after both amphetamines deserves a special comment. The
method of Neff et al.2 is based on the rise of 5-HIAA after inhibition of its transport
out of the central nervous system by probenecid. 5-HT concentrations were deter-
mined simultaneously, but showed usually only minor variations during the 90 min-
interval of the turnover determination. The only exception were the amphetamines
with which a considerable rise of 5-HT occurred. In the case of d-amphetamine, the
average rise of 5-HIAA corresponded to 0-19 ug/g/hr, that of 5-HT to a further
0-13 pug/g/hr. With d-p-chloroamphetamine, the rise in 5S-HIAA amounted to only
0-1 pg/g/hr, surely an expression of the inhibitory action of the drug on monoamine
oxidase.?'2® Besides this rise in 5-HIAA, a rise in 5-HT corresponding to 0-16 ug/g/hr
occurred. We consider also the rise in the 5-HT concentration as an expression of an
enhanced turnover of this amine which obviously occurs when monoamine oxidase
is inhibited to a certain degree—a property which is known for both amphetamines—
and have added the rises of 5-HT and 5-HIAA in the figures in Table 1. But, since
the elimination of unmetabolized 5-HT from the central nervous system probably is
not inhibited by probenecid to the same degree as that of 5S-HIAA, these figures may
be underestimates of the true turnover.

The conspicious rise in 5-HT turnover seen with the highest dose of disulfiram
corresponds to findings of Johnson et al.?® with other inhibitors of dopamine-f-
hydroxylase.

DISCUSSION

The starting point of our study was the working hypothesis of a tryptaminergic
mediation of drug-induced anorexia. This hypothesis, originating from the clinical
finding of the appetite-enhancing effect of the 5-HT antagonist cyproheptadine, was
in agreement with previous experimental findings of Jespersen and Scheel-Kriiger,!2
who in dogs had the impression that methysergide antagonized the anorexigenic
effect of fenfluramine. Also Funderburk et al.'® were able to antagonize the ano-
rexigenic effect of fenfluramine, but not of d-amphetamine and chlorphentermine, by
pretreatment with a 5-HT antagonist in rats. On the other hand, p-chlorophenylala-
nine was without effect in these experiments as well as in those of Opitz.3

At first sight, our results with p-chlorophenylalanine and the 5-HT antagonist
cyproheptadine seemed to corroborate the hypothesis of a tryptaminergic mediation
of anorexigenic drug effects. A massive pretreatment with p-chlorophenylalanine,
reducing hypothalamic 5-HT by more than 80 per cent and the turnover of this
amine to near zero, produced a highly significant antagonism to the anorexigenic
effect of both amphetamines. A certain antagonism was also seen with cyproheptadine,
this was dose-dependent from 0-4-1-6 mg/kg in the case of d-amphetamine, but the
effect of p-chloroamphetamine was only influenced weakly by the lowest of these
doses. The dose range of cyproheptadine used by us was far below the doses that
have been reported to enhance food intake in rats (12-5 mg/kg).3° However, only
the dose of 0-4 mg/kg can be considered as purely 5-HT antagonistic, higher doses of
cyproheptadine may have an additional e-adrenolytic effect.>* Our working hypothesis
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was further weakened by the finding that p-chlorophenylalanine, besides its well
known effects on level and turnover of 5-HT, also led to a highly significant reduction
of level and turnover of noradrenaline.

We have studied therefore in further experiments the influence of treatments
interfering with catecholamine metabolism on the anorexigenic drug effects. Low
doses of a-methyltyrosine proved to antagonize the anorexigenic effect, a result
which is in agreement with previous studies of Abdallah!® and Holtzman and Jewett. 8
Disulfiram was about as active as a-methyltyrosine in antagonizing the effect of p-
chloroamphetamine, and even more active than a-methyltyrosine in the case of d-
amphetamine. These results speak in favor of a predominant role of noradrenaline
and our results with the catecholamine antagonists phentolamine and haloperidol
corroborate this conclusion, at least for amphetamine. The anorexigenic effect of
this drug was antagonized by rather low doses of phentolamine as well as by higher
doses of haloperidol for which a certain a-adrenolytic action might exist besides the
dopamine-antagonistic effect. The antagonism of phentolamine and haloperidol
against p-chloroamphetamine was weak and less convincing, especially since only the
lowest dose of 0-02 mg/kg haloperidol, which must be considered as purely dopamine-
antagonistic, had a significant effect. Chlorpromazine, which at least in the higher
doses blocks the receptors for all three amines, and the B-adrenolytic drug propranolol
even increased the drug-induced anorexia. Our results are thus at variance with
studies of Leibowitz,!5 Berger et al.!” and Goldman et al.'* These authors saw an
increased food intake after intraventricular or hypothalamic injections of noradrena-
line, an effect that could be abolished by phentolamine, whereas propranolol in-
creased food intake further or inhibited the anorexigenic effect of B-stimulating
drugs. This discrepancy cannot be explained at present.

A comparison of the amphetamine-antagonistic effects in Figs. 1 and 2 and the
corresponding biochemical effects on levels and turnover of hypothalamic mono-
amines in Table 1 shows that all treatments antagonizing the anorexigenic effect of
d-amphetamine either reduced the turnover of noradrenaline significantly (p-chloro-
phenylalanine, the higher dose of cyproheptadine, a-methyltyrosine, disulfiram and
even haloperidol) or blocked a-receptors (phentolamine). No such correlation can be
seen for 5-HT or dopamine. The only weakness of this concept of a mediation of
the amphetamine effect by noradrenaline is the apparent lack of a stimulation of
noradrenaline turnover by amphetamine itself. However, such an effect might remain
undiscovered by our method, if an enhanced turnover of this amine would be con-
fined to minor parts of the hypothalamus, as for example the satiety center. A re-
lease of hypothalamic noradrenaline by relatively low doses or concentrations of
amphetamine has recently been demonstrated by Strada and Sulser®? and Ebstein
et al.33

An interpretation of our results with p-chloroamphetamine is much more difficult.
This drug strongly reduced the turnover of both catecholamines in the hypothalamus,
while the turnover of 5-HT only was slightly increased. This may, however, be an
underestimate of the true 5-HT turnover as explained under Results. The pronounced
decline in hypothalamic noradrenaline during the first hour after administration
shows in agreement with findings of Strada and Sulser3? that the turnover of this
amine must have been considerably high during the hour preceding the feeding period.
Taking the inhibitory effect of p-chloroamphetamine on monoamine oxidase into
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consideration,?+2® our determination of the noradrenaline turnover might have been
falsified by an accumulation of noradrenaline which could not be metabolized by
this enzyme. Since the anorexigenic effect of the drug was antagonized by p-chloro-
phenylalanine and by the lowest dose of cyproheptadine which should only block
tryptaminergic receptors, a participation of 5-HT seems likely in this case, but the
effects of a-methyltyrosine and disulfiram cannot be explained by this mechanism.
Treatment with these drugs eliminates the small functional pool of freshly synthetized
noradrenaline which might be necessary even under conditions of a lowered turnover
of this amine, and disulfiram enhanced the turnover of dopamine and might thus
counteract the effects of p-chloroamphetamine on dopamine metabolism. The
antagonistic effects of phentolamine and haloperidol were rather weak when compared
to those against d-amphetamine, and might either point to a minor role of the cate-
cholamines or even be unspecific. The results with d-p-chloroamphetamine seem
thus to be explainable by a participation of both catecholaminergic and tryptaminergic
mechanisms in the mediation of the anorexigenic effect. Similar conditions have been
found in previous studies on the locomotor3# and antinociceptive effects3® of this
drug.
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