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Differential effects of amphetamine,
fenfluramine and norfenfluramine
stereoisomers on the increase of striatum
homovanillic acid in rats

A. JORI, E. DOLFINI, G. TOGNONI AND S. GARATTINI
Istituto di Ricerche Farmacologiche *“Mario Negri” Via Eritrea 62, 20157, Milan, Italy

(+)-Amphetamine is more effective in increasing the concentration
of striatum homovanillic acid (HVA) in rats than the (—)-isomer
while the (—)-isomers of fenfluramine and norfenfluramine are more
active than their (+)-isomers. The concentrations of the drugs in
the striatum do not explain the difference observed between the
isomers on striatum HVA. Fenfluramine does not appear to act on
striatum HVA through the formation of norfenfluramine.

The (+)- and (—)-isomers of amphetamine differ in several respects pharmacologic-
ally and biochemically. For instance, (—)-amphetamine lacks the stimulant (Prinz-
metal & Alles, 1940) and the hyperthermic (Hajds & Garattini, 1973) effects that are
characteristic of the (4)-isomer and is less effective in eliciting stereotyped behaviour
(Taylor & Snyder, 1970) and anorectic activity (Costa, Groppetti & Naimzada, 1972;
Hajos & Garattini, 1973) in rats. A finding consistent with the central effects is that
(—)-amphetamine does not release brain noradrenaline (Taylor & Snyder, 1970,
1971; Clay, Cho & Roberfroid, 1971) being about 10 times less active than (4-)-
amphetamine in inhibiting catecholamine uptake in vitro (Coyle & Snyder, 1969) and
in vivo (Taylor & Snyder, 1971) in several brain regions of the rat. However, the
(—)- and (+)-forms are equipotent in this respect at the level of striatum (Taylor &
Snyder, 1971), although the observations of Svensson (1971) and Scheel-Kriliger
(1972a,b) are at variance with these findings.

We have agreed with other authors (Laverty & Sharman, 1965; Fuentes & Del Rio,
1972) that (+)-amphetamine increases the level of homovanillic acid (HVA) (Jori &
Bernardi, 1969; Bizzi, Bonaccorsi & others, 1970; Jori & Bernardi, 1972), the major
metabolite of dopamine, in the striatum (Andén, Roos & Werdinius, 1963), we have
now investigated the action of the (—)-isomer and also the effect on the level of
striatum HVA of the (—)- and (+4)-isomers of fenfluramine and norfenfluramine
since previous observations had demonstrated that the racemic form of fenfluramine
was also effective in increasing the striatum HVA content (Jori & Bernardi, 1969; Bizzi
& others, 1970; Jori & Bernardi, 1972). 1In all instances, the level of the administered
drug was also measured in the striatum.

MATERIALS AND METHODS
Charles River female rats (160 4 10 g) were kept in Makrolon cages (40 x 25 x 18
cm), 4 per cage. Drugs were given intraperitoneally at doses of 3-75; 7-5 and 15
mg kg at various times before decapitation. Brains were removed and the striata,
after dissection, were immediately frozen on dry ice and kept in a freezer (—20°).
HVA determinations were made on 4 pooled striata according to Korf, Ottema &
Van der Veen (1971).
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Drug concentrations were measured on the same samples, by using the formic acid
elution fraction of G 10 Sephadex columns. Determinations were made according
to the gl.c. method of Anggird, Gunne & Niklasson (1970) for amphetamine and
according to Belvedere, Tognoni & Morselli (1972) for fenfluramine and norfenflur-
amine. Drugs used were: (4 )-amphetamine sulphate (kindly supplied by Recordati,
Milan), (—)-amphetamine sulphate, (-+)- (4)- and (—)-fenfluramine HCI; (4-)-, (4)-
and (—)-norfenfluramine HCI; (kindly supplied by Servier Labs, Orléans).

RESULTS

The effect of various doses of (+)-, (—)- and (+)-fenfluramine is shown in Table 1.
At 15mgkg? (i.p.) all the compounds cause a significant increase in HVA con-
centration, lasting more than 3h. (—)-Fenfluramine is much more active than the
(+)-isomer, the racemic compound showing intermediate activity. Striatal con-
centrations of fenfluramine and its de-ethylated metabolite, norfenfluramine,
measured at 3 h after the administration of the isomers or the racemic form are
comparable.

In Table 2, the effect of amphetamine and norfenfluramine isomers on striatum
HVA levels are compared. (—)-Norfenfluramine appears to be more active than the
(+)- and the (4-)-compounds, while (+4)-amphetamine increases HVA more than the
(—)form. The effect of (+)-amphetamine and (—)-fenfluramine on striatum HVA
is similar and is longer lasting than that of (4)- or (—)-norfenfluramine or (+)-
fenfluramine.

Concentrations of amphetamine or norfenfluramine in the striatum are similar
after the administration of (—)- or the (+)-form (Table 3).

Table 1. Effect of (4+)-, (—)- or (+)-fenfluramine on striatal HV A in rats.

Fenflur- Norfenfiur-

Striatum HVA (ng g~* =+ s.e.) aming amine

mg kg* (pg g~! striatum + s.e.)
Treatment i.p. 30 min 1h 3h 5h 3h
(+)-Fenflur- 75 365+39* — — —_ _ —
amine 15 61749*  477419*% 3504 4* 227415 9.06-4-0-81 5-324-0-24
(—)-Fenflur- 375 294130* — —_ — — —
amine 75 349 439* — —_ —_ —_ _
15 753+£12* 734-+£19* 463410* 3254-11* 8424062 5-2040-55
(+)-Fenflur- 15 434 +10*t 3264-10*t 234L10% — 10:92+0-36 4:7240-28
amine
Saline —_ — 2044 4 — — - —

Each figure is the average of at least 4 determinations on 4 pooled striata of rats.
* P<0-01 vs saline group. 1 P<<0-01 (+4)-isomer vs the corresponding (—)-isomer.

DISCUSSION
A stereospecific effect has been observed in the capacity of three anorectic agents to
increase rat striatum HVA. For amphetamine the (+)-isomer is more effective than
the (—)-form while for fenfluramine and norfenfluramine the reverse is true. The
concentrations of the drugs in the striatum are not the reason for the observed
difference because concentrations were similar for all the isomers. However, the
availability of the isomers at the subcellular sites where they exert their effect on



Stereospecific effects of amphetamine and fenfluramine 317

Table 2. Effect of norfenfluramine and amphetamine isomers on the striatum

HVA in rats.

Striatum HVA (ng g=! + s.e.)

Treatment 30 min 1h 3h Sh
(£)-Norfenfluramine 476 4 10* 347 4 13* 274 1 8* —
(—)-Norfenfluramine 624 + 15* 404 + 10* 278 4+ 1* —
(+)-Norfenfluramine 377 £ T*F 330 & 7*f 269 4 2%} —
(—)-Amphetamine 241 £ 19 345 & 9* 401 4 20* 321 + 13*
(+)-Amphetamine 318 £ 9*% 416 & 9*t 581 4 18*t 333 + 23*
Saline — 211 +£ 6 — —

Drugs were given intraperitoneally at the dose of 15 mg kg.
Each figure is the average of 4 determinations on 4 pooled striata of rats.
* P<0-01 vs saline group. 1 P<0-01 and { P<<0-05 (+)-isomer vs the corresponding (—)-isomer.

Table 3. Concentrations of amphetamine and norfenfluramine in the striatum of rats

Drug striatum concentration (ug g~! 4 s.e.)

Treatment 30 min 60 min 180 min 300 min
(—)-Norfenfluramine 16-05 4 06 16-85 4+ 0-7 12-87 + 09 —
(+)-Norfenfluramine 1443 + 16 17-01 + 04 1236 + 04 —
(—)-Amphetamine — 17-18 £+ 1-8 — 63 + 04
(+)-Amphetamine — 18-02 4+ 1-1 — 98 + 04

Norfenfluramine and amphetamine were measured on the same samples used for the HVA
determinations reported in Table 2.
the dopaminergic system, may be different. Since (+4) and (—)-amphetamine
exhibit different pharmacological effects it may be interesting to speculate on the
relation between these effects and the increase of striatum HVA. For example the
stereotyped behaviour (compulsive gnawing syndrome) is more marked for the (+)-
than for the (—)-form (Taylor & Snyder, 1970, 1971; Wallach, Angrist & Gershon,
1971) in agreement with the effect on striatum HVA. However, fenfluramine and
norfenfluramine, although very effective in increasing striatum HVA in rats, do
not elicit any gnawing syndrome according to Le Douarec, Schmitt & Laubie (1966)
and Le Douarec & Neveu (1970). We have found (unpublished results) that in
particular, the (—)-isomers are more effective than the (+)-forms on the striatum
HVA, but only the (4)-forms show a poor activity in stereotyped behaviour. These
data seem to be at variance with the suggested relation between stereotyped
behaviour and the dopaminergic system (Taylor & Snyder, 1970, 1971; Coyle &
Snyder, 1969; Wallach & others, 1971).

However, in the interpretation of our results it should be underlined that amphet-
amine and fenfluramine may act on striatum HVA by different mechanisms, This is
suggested by the observation that fenfluramine can still increase the HVA in animals
made resistant to amphetamine by repeated treatment with amphetamine (Jori &
Bernardi, 1972).

Furthermore, fenfluramine and norfenfluramine, unlike amphetamine, lower the
levels of brain 5-HT (Duhault & Verdavainne, 1967; Costa, Groppetti & Revuelta,
1971; Morgan, Cattabeni & Costa, 1972) and this may interfere with the action on the
dopaminergic system. No difference between the (—)- and (-)-isomers of fenflur-
amine or norfenfluramine have been observed in their actions in lowering of brain
5-HT and 5-hydroxyindoleacetic acid (Kon, Tognoni, Valzelli & Garattini, unpublished
observations).
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Finally, amphetamine differs from fenfluramine in decreasing the level of brain
noradrenaline (Costa & Garattini, 1970). Amphetamine, on one hand, and fen-
fluramine on the other, therefore exert a typical spectrum of biochemical effects on
brain monoamines, which is quantitatively different according to the isomer con-
sidered. It is this spectrum of activity that may be more important than the action
on one single amine, in explaining the characteristic behavioural effects.

An additional finding of the present investigation concerns the suggested importance
of the formation of norfenfluramine after metabolic dealkylation of fenfluramine
(Bruce & Maynard, 1968) to explain the effects of fenfluramine. It is evident that
the concentrations of striatal norfenfluramine necessary to increase the level of
HVA, are much higher than those present in the same area after administration of
fenfluramine at doses that induce the same increase of striatal HVA. Tt is, therefore,
unlikely that norfenfluramine is the active metabolite of fenfluramine in the dopamin-
ergic system.

Acknowledgements

This investigation was supported by the National Institute of General Medical
Sciences, Grant N 1 PO 1 GMI 8376-02 PTR from the U.S. Public Health Service.
The optimal technical assistance of Mr. G. Cecchetti is particularly appreciated.

REFERENCES

ANDEN, N.-E., Roos, B.-E. & WERDINIUS, B. (1963). Life Sci., 2, 448-458.
ANGGARD, E., GUNNE, L.-M. & NIkLAssON, F. (1970). Scand. J. clin. Lab. Invest., 26, 137-143.
BELVEDERE, G., TOGNONI, G. & MORSELLL, P, L. (1972). Eur. J. clin. Pharmac, in the press.

Bizz1, A., BONACCORSI, A., JESPERSEN, S., JORI, A, & GARATTINI, S. (1970). In: Amphetamines and
related compounds, pp. 577-595. Editors: Costa, E. & Garattini, S. New York: Raven Press.

BRrRUCE, R. B. & MAYNARD, W. R. Jr. (1968). J. pharm. Sci., 57, 1173-1179.

CLAy, G. A, CHo, A, K. & RoBERFROID, M. (1971). Biochem. Pharmac., 20, 1821-1831.

CosTA, E. & GARATTINI, S. (1970). Editors: Amphetamines and related compounds, New York:
Raven Press.

Costa, E., GROPPETTI, A. & NAMZADA, M. K. (1972). Br. J. Pharmac., 44, 742-751.

CosTa, E., GROPPETTI, A. & REVUELTA, A. (1971). 1Ibid., 41, 57-64.

Covig, J. T. & SNYDER, S. H. (1969). J. Pharmac. exp. Ther., 170, 221-231.

DUHAULT, J. & VERDAVAINNE, C. (1967). Archs int. Pharmacodyn. Thér., 170, 276-286.

FUENTES, J. A. & DeL Rio, J. (1972). Eur. J. Pharmac., 17, 297-300.

Haids, Gy. T. & GARATTING, S. (1973). J. Pharm. Pharmac., 25, in the press.

Jori, A. & BERNARDI, D. (1969). Ibid., 21, 694-696.

Jori, A. & BERNARDI, D. (1972). Eur. J. Pharmac., 19, 276-280.

KORF, J., OTTEMA, S. & VAN DER VEEN, 1. (1971). Analyt. Biochem., 40, 187-191.

LAVERTY, R. & SHARMAN, D. F. (1965). Br. J. Pharmac. Chemother., 24, 759-772.

Le DouARkc, J. C. & Neveu, C. (1970). In: Amphetamines and related compounds, pp. 75~105.
Editors: Costa, E. & Garattini, S. New York: Raven Press.

LE2(I))6C_>12J§;EC, J. C., Scamitt, H. & LAuBie, M. (1966). Archs int. Pharmacodyn. Thér., 161,
MORGAN, C. D., CATTABENL, F. & CosTa, E. (1972). J. Pharmac. exp. Ther., 180, 127-135.
PrRINZMETAL, M. & ALLES, G. A. (1940). Am. J. med. Sci., 200, 665-673.

ScHEEL-KRUGER, J. (1972a). Eur. J. Pharmac., 18, 63-73.

ScHEEL-KRUGER, J. (1972b). Psychiatr. neurol. Neurochir. (Amst.), 75, 179-192.

SvenssoN, T. H. (1971). Naunyn-Schmiedebergs Arch. exp. Path. Pharmak., 271, 170-180.
TayLOR, K. M. & SNYDER, S. H. (1970). Science, N.Y., 168, 1487-1489.

TavLor, K. M. & SNYDER, S. H. (1971). Brain Res., 28, 295-309.

WS;,L36CH, M. B., ANGRisT, B. M. & GERsHON, S. (1971). Commun. Behavioral Biol., Pt. A, 6,



