J. Pharm. Pharmac., 1973, 25, 49-54 Received July 11, 1972

Evidence for a difference in mechanism of
action between fenfluramine- and
amphetamine-induced anorexia

SUNE JESPERSEN AND J. SCHEEL-KRUGER*

Department of Pharmacology, A/S Alfred Benzon, 29, Halmtorvet,
DK-1700 Copenhagen V. Denmark

The influence of drugs, active on S5-hydroxytryptamine (5-HT)
mechanisms, has been examined on the anorexigenic activity of
fenfluramine and (4)-amphetamine in rats trained to consume their
daily food ration during 6 h. Chlorimipramine, which inhibits
the re-uptake mechanisms in central 5-HT neurons, and the 5-HT
blocking drugs methergoline and methysergide were used. Fenflur-
amine, 7-5 mg kg1, and amphetamine, 2-5 mg kg, given 4 h before
feeding reduced the food intake during the following 2 h to approxi-
mately 40 %, compared with control days. Pretreatment with mether-
goline in the optimal dose (1 mg kg") produced only a weak but
significant antagonism to amphetamine anorexia, whereas the fen-
fluramine anorexia was strongly antagonized by methergoline in all
doses tested (0-3, 1 and 3 mg kg-'). Methysergide (0-1, 0-3, 1 and 3
mg kg~1) showed no significant antagenism against amphetamine or
fenfluramine anorexia. Chlorimipramine produced a strong
antagonistic effect to the fenfluramine anorexia, but showed no
antagonism against amphetamine. In contrast the highest dose of
chlorimipramine (20 mg kg—!) potentiated amphetamine anorexia.
The present results together with other evidence discussed support the
conclusion that 5-HT mechanisms are involved in fenfluramine
anorexia, whereas amphetamine anorexia seems mainly correlated
with catecholamine dependent mechanisms.

Fenfluramine, a trifluoromethyl substituted analogue of amphetamine, produces
anorexia like amphetamine but without amphetamine-like stimulant effects (Le
Douarec, Schmitt & Laubie, 1966; Colmore & Moore, 1966;Yelnosky & Lawler,
1970; Tang & Kirch, 1971). The central stimulant effects of amphetamine are
mainly correlated with an interaction on the adrenergic system (Randrup & Munkvad,
1966; Carr & Moore, 1970; Fuxe & Ungerstedt, 1970; Scheel-Kriiger, 1971, 1972).
The role of brain catecholamines in control of feeding behaviour seems well established
(see review by Booth, 1968) but recent evidence also indicates a role of brain
5-hydroxytryptamine (5-HT) (Perez-Cruet, Tagliamonte, & others, 1972; Samanin,
Ghezzi & others, 1972; Jespersen & Scheel-Kriiger, 1970; Funderburk, Hazelwood
& others, 1971; Opitz, 1967).

It has been shown that «-methyltyrosine, a specific inhibitor of the biosynthesis
of the catecholamines, in doses which alone have no effect on food intake, antagonizes
the anorectic activity of amphetamine (Weissman, Koe & Tenen, 1966; Abdallah,
1971; Holtzman & Jewett, 1971).

There is evidence that fenfluramine interacts with 5-HT mechanisms (Opitz, 1967;
Jespersen & Scheel-Kriiger, 1970; Funderburk & others, 1971; Southgate, Mayer
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& others, 1971) and decreases brain 5-HT and increases its turnover rate (Duhault &
Verdavainne, 1967; Costa, Groppetti & Revuelta, 1971; Tagliamonte, Tagliamonte
& others, 1971).

We have examined the influence of drugs active on 5-HT mechanisms on the
anorexigenic activity of fenfluramine and amphetamine.

The 5-HT receptor blocking drugs methergoline and methysergide (Ferrini &
Glisser, 1965; Corne & Pickering, 1967; Mawson & Whittington, 1970) and chlor-
imipramine which inhibits the re-uptake mechanism in central 5-HT neurons
(Carlsson, Corrodi & others, 1969; Meek, Fuxe & Andén, 1970; Ross, Renyi &
Ogren, 1972) were used.

MATERIALS AND METHODS

Female Wistar rats, 120-130 g, kept in separate cages (40 X 20 x 16 ¢cm) in a
room at 21-23°, artificially illuminated from 6 a.m. to 6 p.m. and then in the dark,
were trained to eat all their food during a daily 6 h period. Water was freely available.
After two weeks of training, when the body weight and food intake were stabilized
on a slightly increasing level, cross-over experiments were made once a week. All
drugs were dissolved in 0-9%, saline and administered intraperitoneally in a volume
of 1 ml per 100 g body weight.

The rats were pretreated with chlorimipramine hydrochloride, methysergide bi-
maleate or saline 1 h before normal feeding or with methergoline or its solvent
(0-059; ascorbic acid in saline) 3% h before feeding. (--)-Fenfluramine hydrochloride,
(+)-amphetamine sulphate or saline was given 30 min before feeding.

The food consumption over 2 h was determined for each rat and expressed in
percentage of the average food intake of the same rat during the corresponding
2 h of the two preceding days (control days).

RESULTS AND DISCUSSION

The effects on food intake of the various treatments are presented in Figs 1-3.
Fig. 1 shows that methergoline (0-3, 1 and 3 mg kg~?) shows a strong and significant
antagonism to the anorexia produced by fenfluramine, 5 and 7-5 mgkg. In the
experiment with fenfluramine, 5 mg kg2, the food intake returned to normal. The
effect of fenfluramine, 7-5 mg kg~ was antagonized by methergoline, 1 mg kg, from
35 to 809, of the control value. The food intake for control rats was approximately
8 g in the 2 h test period. This effect agrees exactly with the findings of Funder-
burk & others (1971), concerning the effect of 1 mg kg methergoline against the
anorexia caused by 8 mg kg fenfluramine.

Methergoline in this optimal dose (1 mg kg) produced only a weak but significant
antagonism to the amphetamine anorexia (from 42 to 599 of the control value,
P < 0:05), whereas the other doses tested (0-3 and 3 mg kg—1) produced no significant
change. This might indicate some effect on the 5-HT system by amphetamine in
agreement with the biochemical findings of Reid (1970) and Schubert & Sedvall (1972).

Methysergide (0-1, 0-3, 1 and 3 mg kg™) did not antagonize fenfluramine or am-
phetamine significantly but the 0-1 mgkg—! dose enhanced fenfluramine anorexia
(Fig. 2).

This result might be explained in view of the great difference between the two
drugs in central anti-5-HT potency as measured in mice and rats. Ferrini & Glisser
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Fic. 1. The effect on food intake of fenfluramine (fenfl.), (+-)-amphetamine (amph.), saline (O)
and methergoline or combinations of methergoline with fenfluramine or (+)-amphetamine.
Methergoline or the vehicle (v = 0-059% ascorbic acid in saline), was given i.p. 31 h before
feeding and fenfluramine, (4-)-amphetamine or saline (i.p.) 3 h before feeding. Figures within
the columns show the number of rats. Vertical bars indicate the standard error of mean and
asterisks mean significant difference from rats treated with anorexic only. Abscissa: upper scale,
methergoline mg kg*; lower scale, fenfluramine or amphetamine mgkg-'. Open columns,
vehicle - saline; horizontal bars, vehicle + fenfluramine or amphetamine; diagonal bars, mether-
goline 4 saline; horizontal and diagonal bars, methergoline -+ fenfluramine or amphetamine.
(* P < 0:05, ** P < 0-01 and *** P < 0-001 (Student’s z-test)).
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FiG. 2. The effect on food intake of fenfluramine (fenfl.), (4)-amphetamine (amph.) and saline (O)
or combinations of methysergide with fenfluramine or (-+)-amphetamine. Methysergide or
saline was given i.,p. 1h before feeding and fenfluramine, (+)-amphetamine or saline i.p. + h
before feeding. Figures within the columns show the number of rats. Vertical bars indicate
the standard error of mean and the asterisk means significant difference (P < 0-05 (Student’s
t-test)) from rats treated with fenfluramine only. Abscissa: upper scale, methysergide mg kg-!;
lower scale, fenfluramine or amphetamine mg kg=!. Open columns, saline -+ saline; horizontal
bars, saline -+ fenfluramine or amphetamine; horizontal and diagonal bars, methysergide plus
fenfluramine or amphetamine.
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Fic. 3. The effect on food intake of fenfluramine (fenfl.), (+)-amphetamine (amph.), saline (O)
and chlorimipramine or combinations of chlorimipramine with fenfluramine or (4 )-amphetamine.
Chlorimipramine or saline was given i.p. 1 h before feeding and fenfluramine, (4 )-amphetamine or
saline i.p. 4 h before feeding. Figures within the columns show the number of rats. Vertical
bars indicate the standard error of mean and asterisks mean significant difference from rats
treated with anorexic only. Abscissa: upper stale, chlorimipramine mgkg-!; lower scale,
fenfluramine or amphetamine mg kg=*. Open columns, saline + saline; horizontal bars, saline
4 fenfluramine or amphetamine; diagonal bars, chlorimipramine -+ saline; horizontal and di-
agonal bars, chlorimipramine + fenfluramine or amphetamine. (* P < 0-05, ** P < 0-01 and
**% P < 0-001. Student’s z-test).

(1965) and Mawson & Whittington (1970) found methergoline to be 10-30 times
more active than methysergide.

Southgate & others (1971) used very high doses of methysergide (20-40 mg kg?%)
to antagonize significantly some 5-HT-like actions of fenfluramine in mice pretreated
with a monoamine oxidase inhibitor.

The difference between methergoline and methysergide might also be due to species
differences since we previously found that methysergide antagonized fenfluramine
hypothermia, anorexia and behavioural effects in dogs (Jespersen & Scheel-Kriiger,
1970). -

At present, it is debatable whether fenfluramine produces its anorectic effect in-
directly by releasing brain 5-HT or via a direct receptor stimulant effect (Opitz, 1967;
Funderburk & others, 1971).

A close correlation has been established between a 5-HT receptor blocking effect
and the antagonism to fenfluramine-induced anorexia (Jespersen & Scheel-Kriiger,
1970 and present paper; Funderburk & others, 1971). However, p-chlorophenyl-
alanine, an inhibitor of the biosynthesis of brain 5-HT, has failed to antagonize
the fenfluramine anorexia (Opitz, 1967; Funderburk & others, 1971).

The biochemical studies might point to an indirect action of fenfluramine since it
reduces brain 5-HT and increases its turnover rate (Duhault & Verdavainne, 1967;
Costa & others, 1971; Tagliamonte & others, 1971).

Samanin & others (1972), have shown that a lesion of the midbrain raphe, which
causes a selective degeneration of 5-HT neurons in the brain, does not affect food
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intake in rats. However, the anorectic effect of fenfluramine was abolished in mid-
brain raphe lesioned animals whereas amphetamine was still able to produce the
usual decrease of food intake. This result suggests that the anorectic effect of fen-
fluramine but not that of amphetamine could be due to a release of brain 5-HT.

Chlorimipramine (3, 6, 10 and 20 mg kg™) produced a dose-related antagonism
to the fenfluramine anorexigenic effect, but no significant antagonism to amphetamine
(Fig. 3), on the contrary, the highest dose of chlorimipramine (20 mg kg-1) signifi-
cantly increased amphetamine anorexia. OQur findings that chlorimipramine inhibits
the fenfluramine anorexia points to an indirect action of fenfluramine.

Concerning the mechanism of action of this antagonistic effect, Carlsson & others
(1969), Meek, Fuxe & Carlsson (1971) and Schrold (1972), have shown that tricyclic
antidepressant drugs which inhibit the re-uptake mechanism in 5-HT neurons protect
against the biochemical and behavioural effects of some amphetamine derivatives,
H75/12 (4-methyl-a-ethyl-m-tyramine) and p-chloromethamphetamine, which produce
depletion of brain 5-HT. Squires (Ferrosan Research Laboratories A/S, Copenhagen
Denmark, in preparation) has shown that chlorimipramine (10 mg kg1) produces
complete protection against the fenfluramine-induced decrease in brain 5-HT.

It has been suggested that chlorimipramine prevents the accumulation of these
amphetamine derivatives in 5-HT neurons or inhibits the release of 5-HT by these
drugs (Carlsson & others, 1969; Meek & others, 1971; Schrold, 1972).

It seems reasonable to conclude that 5-HT mechanisms are involved in the
fenfluramine anorexia while on the other hand amphetamine anorexia seems mainly
correlated with catecholamine dependent mechanisms.

Acknowledgement
The authors wish to thank Mr. B. J. Andersen for valuable technical assistance.

REFERENCES

AspaLLAH, A. H. (1971). Archs int. Pharmacodyn. Thér., 192, 72-77.

BoorH, D. A. (1968). J. Pharmac. exp. Ther., 160, 336-348.

CARrLSSON, A., Corrobl, H., Fuxg, K. & HOkFeLT, T. (1969). Eur. J. Pharmac., 5, 357-366.
CARR, L. A. & Mooreg, K. E. (1970). Biochem. Pharmac., 19, 2671-2675.

CoLMORE, J. P. & MOORE, J. D. (1966). J. New Drugs, 6, 123.

CorNE, S. J. & PickerING, R. W. (1967). Psychopharmacologia, 11, 65-78.

Costa, E., GroprETTI, A. & REVUELTA, A, (1971). Br. J. Pharmac., 41, 57-64.

DuHAULT, J. & VERDAVAINNE, C. (1967). Archs int. Pharmacodyn. Thér., 170, 276-286.
FERRINI, R. & GLASsER, A. (1965). Psychopharmacologia, 8, 271-276.

FunDerBURK, W. H., HazeLwoob, J. C., Ruckart, R. T. & Warp, J. W. (1971). J. Pharm.
Pharmac., 23, 468—470.

Fuxg, K. & UNGERSTEDT, U. (1970). In “Int. Symposium on Amphetamines and Related Com-
pounds,” Editors: Costa, E. and Garattini, S., Raven Press, N.Y., pp. 257-288.

HortzMmaN, S. G. & Jewert, R. E. (1971). Psychopharmacologia, 22, 151-161.
JESPERSEN, S. & ScHEEL-KRUGER, J. (1970). J. Pharm. Pharmac., 22, 637-638.

LE Douarec, J. C., Scamitr, H. & LAuBie, M. (1966). Archs int. Pharmacodyn. Theér., 161,
206-232.

MawsoN, C. & WHITTINGTON, H. (1970). Br. J. Pharmac., 39, 223P.

MEExk, J., Fuxg, K. & ANDEN, N.-E. (1970). Eur. J. Pharmac., 9, 325-332.
MEEk, J., Fuxg, K. & CARLsSON, A. (1971). Biochem. Pharmac., 20, 707-709.
Oritrz, K. (1967). Naunyn-Schmiedebergs Arch. exp. Path. Pharmak., 259, 56-65.

PEREZ-CRUET, J.,, TAGLIAMONTE, A., TAGLIAMONTE, P. & Gessa, G. L. (1972). Life Sci., 11,
Part 11, 31-39.

RANDRUP, A. & MuNkvaD. 1. (1966). Nature, Lond., 211, 540.



54 SUNE JESPERSEN AND J. SCHEEL-KRUGER

REemp, W. D. (1970). Br. J. Pharmac., 40, 483-491,

Ross, S. B, Renvyy, A. L. & OcGren, S. O. (1972). Eur. J. Pharmac., 17, 107-112.

SAMANIN, R., GHEZzZI, D., VALZELLL, L. & GARATTINI, S. (1972). 1Ibid., 19, 318-322,

ScHEEL-KRUGER, J. (1971). Ibid., 14, 47-59.

ScHEEL-KRUGER, J. (1972). Ibid., 18, 63-73.

SCHROLD, J. (1972). Psychopharmacologia, 23, 115-124.

SCHUBERT, J. & SEDVALL, G. (1972). J. Pharm. Pharmac., 24, 53~62.

SOUTHGATE, P. J., MAYER, S. R., BoxALL, E. & WILSON, A. B. (1971). Ibid., 23, 600-605.

TAGLIAMONTE, A., TAGLIAMONTE, P., PEREZ-CRUET, J., STERN, S. & GEssa, G. L. (1971). J.
Pharmac. exp. Ther., 177, 475-480.

TaNG, A. H. & KircH, J. D. (1971). Psychopharmacologia, 21, 139-146.

WEIssMaN, A, Kok, B. K. & TENEN, S. S. (1966). J. Pharmac. exp. Ther., 151, 339-352,

YELNOSKY, J. & LAWLOR, R. B. (1970). Archs int. Pharmacodyn. Thér., 184, 374-388.



