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IS RECEPTOR ACTIVATION INVOLVED IN THE MECHANISM
BY WHICH (+)-FENFLURAMINE AND (+)-NORFENFLURAMINE
DEPLETE 5-HYDROXYTRYPTAMINE IN THE

RAT BRAIN?

R. INVERNIZZI, K. KMIECIAK-KOLADA! & R. SAMANIN
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1 The effects of (+)-fenfluramine, (+)-norfenfluramine and reserpine on the concentrations
of 5-hydroxytryptamine (5-HT) and 5-hydroxyindoleacetic acid (5-HIAA) in brainstem and
telencephalon were studied in rats treated with methergoline, a S-HT antagonist.

2 Methergoline significantly reduced the effect of (+)-norfenfluramine (5 mg/kg) on 5-HT levels
in telencephalon and brainstem but did not modify the effect of (+)-norfenfluramine (2.5 mg/kg).
3 Neither the effect of (+)-fenfluramine on 5-HT levels nor the decrease of S-HT metabolism
caused by (+)-fenfluramine and (+)-norfenfluramine was significantly modified by methergoline
treatment.

4 Methergoline potentiated the effects of reserpine on brain indoles. The effect was particularly
evident on 5-HIAA levels in the brainstem, although significant effects were found on 5-HT in the
brainstem and 5-HIAA in the telencephalon depending on the dose of reserpine used.

§ The results show that postsynaptic receptor activation may partially contribute to the depletion
of brain 5-HT caused by (+)-norfenfluramine in the rat. This mechanism does not seem to play a

significant role in the effect of (+)-fenfluramine.

Introduction

Fenfluramine is an anorectic agent which causes
long-lasting depletion of 5-hydroxytryptamine (5-
HT) in the rat brain (Duhault & Verdavainne, 1967;
Costa, Groppetti & Revuelta, 1971; Clineschmidt,
Zacchei, Totaro, Pflueger, McGuffin & Wishousky,
1978; Steranka & Sanders-Bush, 1979). The
mechanism of this effect is not clear. Fenfluramine
releases 5-HT from nerve endings and inhibits its
reuptake into the neurone (Garattini & Samanin,
1976; Garattini, Borroni, Mennini & Samanin,
1978) but neither of these mechanisms appears suffi-
cient to explain the marked depletion of brain 5S-HT
induced by this drug (Ghezzi, Samanin, Bernasconi,
Tognoni, Gerna & Garattini, 1973; Corrodi, Far-
nebo, Fuxe & Hamberger, 1975). Considerable
amounts of norfenfluramine are found in the brains
of fenfluramine-treated rats even several days after a
single drug injection (Clineschmidt et al., 1978).
Norfenfluramine, besides increasing 5-HT release
and inhibiting its reuptake, possesses some affinity
for postsynaptic receptor sites (Garattini, Caccia,
Mennini, Samanin, Consolo & Ladinsky, 1979). Al-
though shortly after administration fenfluramine
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may increase 5-HT synthesis (Costa et al., 1971), at
later times it markedly inhibits tryptophan hydro-
xylase, which could contribute to 5-HT depletion
(Knapp & Mandell, 1976; Fuller, Snoddy & Hem-
rick, 1978; Steranka & Sanders-Bush, 1979). Since
neither fenfluramine nor norfenfluramine appear di-
rectly to inhibit tryptophan hydroxylase in in vitro
experiments (Morgan, Lofstrandh & Costa, 1972)
the possibility exists that prolonged receptor activa-
tion caused by fenfluramine and norfenfluramine
determines tryptophan hydroxylase inhibition
through a feedback mechanism and, consequently,
5-HT depletion.

Another mechanism by which fenfluramine may
deplete brain 5-HT is by interference with amine
storage within the granules. It has been recently
found that reserpine prevents the effect of (+)-
fenfluramine on 5-HT release from synaptosomal
preparations of rat brains (Mennini, Borroni, Sama-
nin & Garattini, 1981). In the same study it was
found that (+)-norfenfluramine was less active than
(+)-fenfluramine on the reserpine-sensitive storage
pool (Mennini et al., 1981). However, fenfluramine
and reserpine appear to release 5-HT differently, as
the former releases 5-HT directly into the ex-
traneuronal space (Garattini & Samanin, 1976)
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whereas reserpine has been shown to act mainly on
intraneuronal storage of the amine (Carlsson, 1966).
This is also indicated by the fact that fenfluramine
and reserpine, although causing depletion of 5-HT,
decrease and increase 5-HT metabolism respectively
in the rat brain (Tozer, Neff & Brodie, 1966; Garat-
tini, Buczko, Jori & Samanin, 1975; Garattini, Bizzi,
de Gaetano, Jori, Samanin 1975). In the present
study the effects of (+)-fenfluramine, (+)-
norfenfluramine and reserpine on brain 5-HT and
S-hydroxyindoleacetic acid (5-HIAA) levels were
studied in rats pretreated with methergoline, a cen-
tral 5-HT antagonist (Mawson & Whittington,
1970). The aim was to establish the extent to which
blockade of postsynaptic 5-HT receptors modifies
the effects of these drugs on brain indoles. The
(+)-isomers of fenfluramine and norfenfluramine
were used as it has been shown recently that they are
more selective than (—)-isomers in their effect on
5-HT mechanisms (Garattini et al., 1979; Crunelli,
Bernasconi & Samanin, 1980).

Methods

Female CD-COBS (Charles River, Italy) rats, body
weight 175-200g were used. The animals were
housed at a constant room temperature (22 +1°C)
and relative humidity (60%) with food and water
freely available.

The animals were injected intraperitoneally with 5
or 10 mg/kg (+)-fenfluramine hydrochloride, 2.5 or
S mg/kg (+)-norfenfluramine hydrochloride (Servier
Laboratory-Neully-Sur-Seine, France), 1mg/kg
methergoline base (Farmitalia-Carlo Erba, Milan,

Italy) dissolved in 1% ascorbic acid or 2 or 5 mg/kg
reserpine (Serpasil, Ciba-Geigy) as free base dissol-
ved in a vehicle consisting of polyethyleneglycol 300,
benzyl alcohol, citric acid and water. Control animals
received an equal volume of the vehicle.

Four hours after treatment the animals were killed
by decapitation, the brains were rapidly removed, the
brain stem and remaining telencephalon were dissec-
ted, frozen on dry ice and stored at —20°C until
biochemical assay.

Brain 5-HT was determined by high performance
liquid chromatography with electrochemical detec-
tion, according to the method of Ponzio & Jonsson
(1979). A slight modification of the Wightman,
Plotsky, Strope, Delcore & Adams (1977) technique
for the determination of amine metabolites in cere-
brospinal fluid was used for measuring 5-HIAA in
brain tissues. 5S-HT and 5-HIA A were determined in
the same sample. After extraction of 5-HT from
tissue homogenates according to the method of Pon-
zio & Jonsson (1979) the organic phase containing
the metabolite was transferred to a centrifuge tube
containing 100 pu! 0.3M sodium acetate (pH8.1).
After shaking on a Vortex-Rotamixer for 3 min the
tubes were centrifuged at 3090 g for 5 min and the
organic phase was removed by aspiration. Ten pl of
this solution was injected into the HPLC witha 25 cm
glass column packed with strong anion exchange
resin ZIPAX-SAX (Dupont). The values were cor-
rected for recovery calculated on separate samples
with the addition of known amounts of authentic
5-HIAA. Biochemical data were analyzed statistical-
ly by analysis of variance ANOVA (2 x 2); experi-
mental groups were compared by Tukey’s test.

Table 1 Effect of combined treatment with methergoline and (+)-fenfluramine on concentrations of 5-
hydroxytryptamine (5-HT) and S-hydroxyindole-acetic acid (5-HIAA) in the rat brain

Treatment

(mg/kgi.p.) Telencephalon
Controls 2851+14(6)
(+)-Fenfluramine 5.0 139+6**(6)
Methergoline 1.0 256+ 8(6)
Methergoline 1.0

plus 149+5(6)
(+)-fenfluramine 5.0

Controls 229+15(6)
(+)-Fenfluramine 10.0 72+4**(6)
Methergoline 1.0 215+13(6)
Methergoline 1.0

plus 87%9(6)

(+)-fenfluramine 10.0

The animals were killed 4 h after injection.

5-HT

5-HIAA
Brainstem Telencephalon Brainstem

756+18(6) 176+ 8(6) 565+12(6)
588+12**(6) 116+7**(6) 368+16**(6)
780+43(6) 196+ 5(6) 644122 (6)
57413 (6) 134+3(6) 396+5(6)
700£10(6) 182+11(6) 534+16(6)
371+£36**(6) 98*3**(6) 352+ 8**(6)
785+44(6) 212+10(6) 595+45(6)
465+37(6) 188+ 4 (6) 36611 (6)

Values are expressed as ng/g tissue and represent the means ts.e. Number of animals for each group are given in

parentheses.
**P<0.01, Tukey’s test (vs control).



FENFLURAMINE AND BRAIN 5-HT DEPLETION

Table 2 Effect of a combined treatment with methergoline and (+)-norfenfluramine on concentrations of

S-hydroxytryptamine (5-HT) and 5-hydroxyindoleacetic acid (5-HIAA) in the rat brain
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Treatment

(mg/kgi.p.) Telencephalon
Controls 226+ 8(12)
(+)-Norfenfluramine 2.5 142+9**(12)
Methergoline 1.0 215%+6(12)
Methergoline 1.0

plus 142+6(12)
(+)-norfenfluramine 5.0

Controls 223+5(6)
(+)-Norfenfluramine 5.0 763 **(6)
Methergoline 1.0 215+ 6(6)
Methergoline 1.0

plus 105+ 911 (6)

(+)-norfenfluramine 5.0

The animals were killed 4 h after injection.

5-HT 5-HIAA
Brainstem Telencephalon Brainstem
700%£9(12) 167+9(12) 547+14(12)
578+23**(12) 122+3**(12) 431%x11**(12)
769+£28(12) 192+9(12) 615+25(12)
572+£28(12) 139%t4(12) 504+14(12)
706+12(12) 152%+11(6) 591+21(12)
395+22**(12) 82%3**(6) 376 £15** (12)
723+£25(12) 172%11(6) 615+19(12)
517+£201(12) 107*6(6) 444+9(12)

Values are expressed as ng/g tissue and represent the meansts.e. Number of animals for each group given in

parentheses.

**P<0.01, Tukey’s test (vs control); TP <0.05; TP<0.01 ANOVA.

Results

At the doses used, (+)-fenfluramine and (+)-
norfenfluramine caused a dose-dependent decrease
of 5-HT and 5-HIAA levels in telencephalon and
brainstem of rats 4 h after treatment (Tables 1 and 2).

Reserpine, 2 and S mg/kg, caused a reduction of
5-HT levels comparable to that observed with the
two doses of (+)-fenfluramine and (+)-
norfenfluramine but, unlike these compounds, mar-
kedly raised 5-HIAA levels in the two brain areas

examined (Table 3). As shown in the various tables,
no changes in 5-HT and 5-HIAA levels were ob-
served in the telencephalon and brainstem of animals
treated with methergoline.

Methergoline significantly reduced the effect of
(+)-norfenfluramine (5 mg/kg) on 5-HT levels in
telencephalon and brainstem but did not modify the
effect of 2.5 mg/kg (Table 2). Neither the decrease of
5-HT levels caused by (+)-fenfluramine nor the
reduction of 5-HIAA concentrations induced by
(+)-fenfluramine and (+)-norfenfluramine were sig-

Table 3 Effect of combined treatment with methergoline and reserpine on concentrations of S-hydroxytryptamine
(5-HT) and 5-hydroxyindoleacetic acid S-HIAA in the rat brain

Treatment

(mg/kgi.p.) Telencephalon
Controls 223+5(6)
Reserpine 2.0 122 +£12**(6)
Methergoline 1.0 215+ 6(6)
Methergoline 1.0

plus 116 £10(6)
reserpine 2.0

Controls 215+ 8(6)
Reserpine 5.0 77£8**(6)
Methergoline 1.0 229+15(6)
Methergoline 1.0

plus 82+8(6)

reserpine 5.0

The animals were killed 4 h after injection.

Values are expressed as ng/g tissue and represent the meansts.e. Number of animals of each group is given in

parentheses.

5-HT 5-HIAA

Brainstem Telencephalon Brainstem
699+17(6)  154+5(14) 580+11(8)
357+43**(6) 300%t17**(14) 1345+40**(8)
752437(6)  177+6(14) 583+19(8)
28011 (6) 409+12°(14) 16638971 (8)
670+ 35(6) 172+ 8(6) 594+15(6)
236+28**(6) 363+17**(6) 1032%71**(6)
671%21(6) 181+£5(6) 596 +15(6)
160+41(6)  406+27(6)  1273+41%(6)

**P<0.01, Tukey’s test (vs control); TP<<0.05; +1P<0.01 ANOVA.



528 R. INVERNIZZI, K. KMIECIAK-KOLADA & R. SAMANIN

nificantly modified by methergoline pretreatment
(Tables 1 and 2). Methergoline significantly poten-
tiated the decrease of 5-HT levels caused by reser-
pine (5 mg/kg) in the brainstem (P<<0.05, ANOVA)
whereas no significant effect was found with reser-
pine (5 mg/kg) in the telencephalon or with reserpine
(2 mg/kg) in the two brain areas examined.

A marked potentiation of the effect of reserpine
(2mg/kg) on S-HIAA levels was observed in the
telencephalon and brainstem of methergoline-
treated rats (Table 3). With the highest dose of
reserpine only the effect on brainstem 5-HIAA was
significantly enhanced by methergoline treatment.

Discussion

A non significant tendency to an increase of S-HIAA
was found in the telencephalon and brainstem of rats
treated with methergoline. At 1 mg/kg, methergoline
was previously reported to increase significantly 5-
HT metabolism in various brain areas of rats (Inver-
nizzi & Samanin, 1981). On the other hand, at doses
of 5 and 10 mg/kg, methergoline has been found to
decrease 5-HT metabolism and synthesis in brains-
tem and forebrain of rats (Bourgoin, Artaud, Bock-
aert, Hery, Glowinsky & Hamon, 1978). One likely
explanation for these apparently contradictory data
is that methergoline possesses some agonist action on
5-HT receptors located in presynaptic nerve cell
membranes (Haigler & Aghajanian, 1977). This ef-
fect, which is known to cause a decrease in impulse
flow in 5-HT containing neurones (Haigler & Agha-
janian, 1977) may be better revealed at the highest
doses of methergoline. Whatever the reason for these
differences in the effect of methergoline on 5-HT
metabolism, there is little doubt that it is a potent
5-HT antagonist at central synapses (Mawson &
Whittington, 1970; Fuxe, Agnati & Everitt, 1975;
Sastry & Phillis, 1977) and at doses ranging from 0.5
to 1 mg/kg it has been found to block completely
various responses to agents which increase central
5-HT transmission (Fuxe, Ogren, Agnati & Jonsson,
1978; Samanin, Mennini, Ferraris, Bendotti, Borsini
& Garattini, 1979).

The fact that methergoline significantly reduced
the effect of (+)-norfenfluramine (5 mg/kg) on 5-HT
levels suggests that activation of 5-HT receptors
contributes to the ability of (+)-norfenfluramine to
deplete brain 5S-HT. It has been found recently that
(+)-norfenfluramine shows some affinity for [*H]-5-
HT receptor binding in brain membranes (Garattini
et al., 1979), a finding which suggests that (+)-
norfenfluramine may mimic the action of 5-HT on
postsynaptic receptors. Inhibition of tryptophan hyd-
roxylase following receptor activation may therefore
be one mechanism by which (+)-norfenfluramine

reduces 5-HT levels in the brain. However, the effect
of methergoline on (+)-norfenfluramine was only
partial and was not seen with a lower dose of (+)-
norfenfluramine, suggesting that mechanisms other
than receptor activation contribute to its effect on
brain 5-HT. The ability of (+)-norfenfluramine to
release 5-HT directly from nerve endings (Mennini et
al., 1981) may contribute to 5-HT depletion in the
brain.

This mechanism may be more important for (+)-
fenfluramine, as methergoline did not modify the
effect of any dose of this compound. Only 5-HT in
the brainstem of animals treated with (+)-
fenfluramine 10 mg/kg, tended to be reduced by
methergoline, probably because substantial amounts
of (+)-norfenfluramine are formed in these animals.

(+)-Fenfluramine has been shown recently to pos-
sess much less affinity than (+)-norfenfluramine for
[*H]-5-HT binding to rat brain membranes (Garat-
tini et al., 1979). As regards the mechanism by which
(+)-fenfluramine and (+)-norfenfluramine release
5-HT from nerve terminals, reserpine prevents the
effect of (+)-fenfluramine but not that of (+)-
norfenfluramine on 5-HT release from synapto-
somes of rat brain (Mennini et al., 1981). These
findings suggest that (+)-fenfluramine but not (+)-
norfenfluramine releases 5-HT from a granular
reserpine-sensitive pool. However, the mechanism
by which (+)-fenfluramine and reserpine act on 5-
HT may be different since the former increases the
availability of 5-HT at postsynaptic receptors by
enhancing 5-HT release (Garattini & Samanin,
1976) whereas the latter interferes mainly with in-
traneuronal storage of the amine (Carlsson, 1966).

This is confirmed in the present study by the fact
that (+)-fenfluramine and reserpine had opposite
effects on 5-HT metabolism and by recent findings
that (+)-fenfluramine, unlike reserpine, is apparent-
ly not stored in vesicles of 5-HT-containing nerve
terminals (Mennini, Pataccini, Crunelli, Caccia, Bal-
labio, Samanin & Garattini, 1980). Moreover,
methergoline, which did not modify the effect of
(+)-fenfluramine on 5-HIAA levels, significantly
potentiated the increase of 5S-HIA A caused by reser-
pine. This is the effect one would expect from a
combined treatment with an intraneuronal releaser
and an agent which tends to increase impulse flow in
presynaptic neurones. That methergoline increases
impulse flow of 5-HT containing neurones through a
feedback mechanism triggered by blockade of post-
synaptic receptors has been suggested by some au-
thors (Fuxe etal., 1975; Invernizzi & Samanin, 1981)
although others (Bourgoin et al., 1978), using doses
of methergoline higher than those used in the present
study, found a reduction in 5-HT synthesis and
metabolism in the rat brain. Methergoline did not
significantly modify the reduction of 5-HIA A caused



FENFLURAMINE AND BRAIN 5-HT DEPLETION 529

by (+)-norfenfluramine. Should changes in S-HIAA
levels simply reflect changes in 5-HT synthesis, it
would be surprising if methergoline partially pre-
vented the effect of (+)-norfenfluramine on 5-HT
but not that on 5-HIAA. However, additional
mechanisms by which (+)-norfenfluramine reduces
5-HT metabolism may involve enhanced release of
5-HT combined with inhibition of 5-HT reuptake
into the nerve endings. (+)-Norfenfluramine (and
(+)-fenfluramine) has been found to block effective-

References

BOURGOIN, S., ARTAUD, F., BOCKAERT, J.,, HERY, F,,
GLOWINSKI, J. & HAMON, M. (1978). Paradoxical de-
crease of brain 5-HT turnover by methergoline, a cen-
tral 5S-HT receptor blocker. Naunyn Schmiedebergs
Arch. Pharmac.,302,313-321.

CARLSSON, A. (1966). Drugs which block the storage of
S-hydroxytryptamine and related amines. In Handbook
of Experimental Pharmacology, Vol. 19. ed. Eichler O.
& Farah A. pp. 529-592. Berlin: Springer-Verlag.

CLINESCHMIDT, B.V.,, ZACCHEI, A.G.,, TOTARO, J A,
PFLUEGER, A .B., McGUFFIN, J.C. & WISHOUSKY, T.I.
(1978). Fenfluramine and brain serotonin. Ann. N.Y.
Acad. Sci., 305, 222-241.

CORRODI, H., FARNEBO, L.O,, FUXE, K. & HAMBERGER,
B. (1975). Effect of ergot drugs on central 5-
hydroxytryptamine neurons: evidence for 5-
hydroxytryptamine release or 5-hydroxytryptamine re-
ceptor stimulation. Eur. J. Pharmac., 30, 172-181.

COSTA, E., GROPPETTI, A. & REVUELTA, A. (1971). Ac-
tion of fenfluramine on monoamine stores of rat tissues.
Br. J. Pharmac., 41, 57-64.

CRUNELLLI, V., BERNASCONI, S. & SAMANIN, R. (1980).
Effects of d- and 1-fenfluramine on striatal homovanillic
acid concentrations in rats after pharmacological man-
ipulation of brain serotonin. Pharmac. Res. Commun.,
12,215-223.

DUHAULT, J. & VERDAVAINNE, C. (1967). Modification
du taux de sérotonine cérébrale chez le rat par les
trifluorométhyl-phényl-2-éthyl aminopropane (fen-
fluramine 768 S). Archs. int. Pharmacodyn., 170,
276-286.

FULLER, R.W., SNODDY, H.D. & HEMRICK, S.K. (1978).
Effects of fenfluramine and norfenfluramine on brain
serotonin metabolism in rats. Proc. Soc. exp. Biol. Med.,
157,202-205.

FUXE, K., AGNATI, L. & EVERITT, B. (1975). Effects of
methergoline on central monoamine neurones. Evi-
dence for a selective blockade of central 5S-HT receptors.
Neurosci. Lett., 1,283-290.

FUXE, K., OGREN, S.0., AGNATI, LF. & JONSSON, G.
(1978). Further evidence the methergoline is a central
S-hydroxytryptamine receptor blocking agent. Neurosci.
Lett.,9,195-200.

GARATTINI, S, BIZZI, A., DE GAETANO, G., JORI, A. &
SAMANIN, R. (1975). Recent advances in the phar-
macology of anorectic agents. In Recent Advances in
Obesity Research, Vol. 1, ed. Howard A., pp. 354-367.
London: Newman Publ.

ly the accumulation of 5S-HT into synaptosomal prep-
arations of rat brain (Garattini et al., 1979).

In conclusion, although receptor sites sensitive to
methergoline may partially contribute to the ability
of (+)-norfenfluramine to reduce 5-HT levels in the
rat brain, it is clear that other, as yet unknown
mechanisms are responsible for 5-HT depletion
caused by (+)-fenfluramine and (+)-
norfenfluramine.

GARATTINL S., BORRONL E., MENNINI, T., & SAMANIN, R.
(1978). Differences and similarities between anorectic
agents. In Central Mechanisms of Anorectic Drugs. ed.
Garattini S. & Samanin R. pp.127-143. New York:
Raven Press.

GARATTINI, S., BUCZKO, W., JORI, A. & SAMANIN, R.
(1975). The mechanism of action of fenfluramine. Post-
grad. Med. J., 51, suppl. 1,27-35.

GARATTINI S., CACCIA, S.,, MENNINI, T., SAMANIN, R.,
CONSOLO, S. & LADINSKY, H. (1979). Biochemical
pharmacology of the anorectic drug fenfluramine: a
review. Curr. Med. Res. Opin., 6, suppl. 1, 15-27.

GARATTINI, S. & SAMANIN, R. (1976). Anorectic drugs
and brain neurotransmitters. In Dahlem Workshop on
Appetite and Food Intake. ed. Silverstone, T.
pp. 83-108. Berlin: Abakon.

GHEZZI, D., SAMANIN, R.,,BERNASCONILS., TOGNONI,G.,
GERNA, M. & GARATTINI, S. (1973). Effect of
thymoleptics on fenfluramine induced depletion of brain
serotonin in rats. Eur. J. Pharmac., 24,205-210.

HAIGLER, H.J. & AGHAJANIAN, GK. (1977). Serotonin
receptors in the brain. Fedn. Proc., 36, 2159-2164.

INVERNIZZI, R. & SAMANIN, R. (1981). Effects of mether-
goline on regional serotonin metabolism in the rat brain.
Pharmac. Res. Commun.,13,511-516.

KNAPP, S. & MANDELL, A J. (1976). Coincidence of block-
ade of synaptosomal 5-hydroxytryptamine uptake and
decrease in tryptophan hydroxylase activity: effects of
fenfluramine. J. Pharmac. exp. Ther., 198, 123-132.

MAWSON, C. & WHITTINGTON, H. (1970). Evaluation of
the peripheral and central antagonistic activities against
S-hydroxytryptamine of some new agents. Br. J. Phar-
mac., 39, 223P.

MENNINI, T., BORRONIL E., SAMANIN, R. & GARATTINI,S.
(1981). Evidence of the existence of two different in-
traneuronal pools from which pharmacological agents
can release serotonin. Neurochem. Int., (in press).

MENNINI, T., PATACCINI, R., CRUNELLI, V., CACCIA, S,
BALLABIO, M., SAMANIN, R. & GARATTINIL S. (1980).
Localization of fenfluramine and reserpine in brain
regions of rats with extensive degeneration of 5-
hydroxytryptaminergic neurons. J. Pharm. Pharmac.,
32, 505-507.

MORGAN, D., LOFSTRANDH, S. & COSTA, E. (1972). Am-
phetamine analogues and brain amines. Life Sci., 11,
83-96.

PONZIO, F. & JONSSON, G. (1979). A rapid and simple
method for the determination of picogram levels of



530 R. INVERNIZZI, K. KMIECIAK-KOLADA & R. SAMANIN

serotonin in brain tissue using liquid chromatography
with electrochemical detection. J. Neurochem., 32,
129-132.

SAMANIN, R., MENNINI, T., FERRARIS, A., BENDOTTIL C.,
BORSINI, F. & GARATTINI, S. (1979). m-
Chlorophenylpiperazine: A central serotonin agonist
causing powerful anorexia in rats. Naunyn
Schmiedeberg’s Arch. Pharmac., 308, 159-163.

SASTRY, B.S.R. & PHILLIS, J.W. (1977). Metergoline as a
selective S-hydroxytryptamine antagonist in the cere-
bral cortex. Can. J. Physiol. Pharmac., 55, 130-133.

STERANKA, L.R. & SANDERS-BUSH, E. (1979). Species

differences in the rate of disappearance of fenfluramine
and its effects on brain serotonin neurons. Biochem.
Pharmac., 28,3103-3107.

TOZER, T.N,, NEFF, N.H. & BRODIE, B.B. (1966). Applica-
tion of steady state kinetics to the synthesis rate and
turnover time of serotonin in the brain of normal and
reserpine-treated rats. J. Pharmac. exp. Ther., 153,
177-182.

WIGHTMAN, R.M., PLOTSKY, P.M,, STROPE, E., DELCORE,
JR., R. & ADAMS, R.N. (1977). Liquid chromatographic
monitoring of CSF metabolites. Brain Res., 131,
345-349.

(Received September 14, 1981.
Revised November 16, 1981.)



