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Intravenous Self-Administration of Nomifensine in Rats: 
Implications for Abuse Potential in Humans 

Abstract. Rats acquired and maintained intravenous self-administration of nomi- 
fensine, a new antidepressant compound. Additional experiments implicated dopa- 
mine-containing neurons in this behavior. These jindings, along with the marked 
pharmacological similarities between nomifensine and such drugs as cocaine and 
methylphenidate, indicate a potential for nomifensine abuse by humans. 

The tetrahydroisoquinoline nomifen- 
sine is a member of a new class of 
compounds that have significant antide- 
pressant properties in man (I). The com- 
pound is being used clinically in Europe 
and is being considered for use in North 
America. The pharmacological and bio- 
chemical properties of nomifensine differ 
somewhat from the classic tricyclic anti- 
depressants. The compound shares with 
tricyclic compounds the common prop- 
erty of inhibiting the uptake of norepi- 
nephrine into brain nerve endings (syn- 
aptosomes), but differs in that it is also a 
potent inhibitor of dopamine (DA) up- 
take by synaptosomes obtained from 
brain regions that are rich in DA (2, 3). 
Furthermore, unlike many tricyclic com- 
pounds, nomifensine is a weak inhibitor 
of synaptosomal uptake of serotonin (3, 
4). 

In rats nomifensine has been found to 
increase locomotor activity and, at high- 
er doses, to produce stereotyped behav- 
ior (5). These effects are commonly in- 
duced by drugs known to increase the 
activity of central DA systems and are 
consistent with the effect of nomifensine 
on DA uptake (6, 7). The fact that 6- 
hydroxydopamine lesions of the ascend- 
ing DA systems or reserpine treatment 
abolishes nomifensine-induced stereoty- 
py confirms that nomifensine is an indi- 
rectly acting DA agonist (8). Apart from 
motor stimulation and stereotypy, anoth- 
er universal property of such indirectly 
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acting DA agonists as cocaine, ampheta- 
mine, and methylphenidate is that they 
can be self-administered intravenously 
by animals (9) and have the potential for 
abuse by humans (10). Because the phar- 
macological profile of nomifensine ap- 
pears to be very similar to that of cocaine 
and methylphenidate, we sought to in- 
vestigate its potential for abuse by deter- 
mining whether the compound would 

Reinforcement schedule Nomifensine dose 
(mglkg-infusion) 

Fig. 1. (A) Number of bar presses per hour to 
obtain nomifensine (0.36 mglkg per infusion), 
as a function of reinforcement schedule. On 
the FRl schedule every bar press resulted in 
an intravenous infusion of nomifensine, 
whereas on the FR2 and FR4 schedules every 
second and fourth bar press produced an 
infusion. (B) Number of bar presses per hour 
(on an FRl schedule) to obtain nomifensine, 
as a function of dose per infusion. Each data 
point represents the mean I. standard error 
for seven animals. Six rats with no history of 
drug self-administration bar-pressed for saline 
(operant level) at the rate of 0.15 1. 0.01 
presses per hour. 

support self-administration behavior in 
the rat. 

Male Wistar rats weighing 300 to 320 g 
at the time of surgery were implanted 
with a Silastic jugular catheter under 
pentobarbital anesthesia (11). One or 
two days later, they were given access 
for 4 to 6 hours per day to a lever 
mounted on one wall of the cage. Each 
depression of the lever produced a 4- 
second infusion of 0.2 rnl of nomifensine 
hydrochloride (0.6 mglml) solution 
through the catheter. In the first experi- 
ment, self-administration of cocaine 
(1.25 mglml) was established (12). After 
4 to 5 days of stable responding, the 
animals were transferred to nomifensine 
to determine whether the compound 
would cause them to maintain bar press- 
ing. In subsequent experiments, naive 
animals were given immediate access to 
nomifensine to determine whether they 
would initiate and maintain bar pressing 
to obtain the drug. 

Nomifensine caused maintained self- 
administration behavior in the animals 
that had previously acquired the behav- 
ior with cocaine reinforcement. More 
important, nomifensine was effective in 
causinn the initiation and maintenance of 
bar pressing in the nalve animals. Typi- 
cally, the rate of bar pressing was some- 
what erratic for the first few days and 
then stabilized within 3 to 5 days. To 
establish that the animals were respond- 
ing to maintain a relatively constant 
blood level of nomifensine, several ad- 
ditional experiments were conducted. 
First, the schedule of reinforcement was 
varied so that the animals had to press 
either once (FRl), twice (FR2), or four 
times (FR4) for each infusion (13). Sec- 
ond, the amount of nomifensine per in- 
fusion was varied. 

The results of these experiments are 
shown in Fig. 1. The rate of bar pressing 
varied significantly (P < ,001, analysis 
of variance) as a function of the operant 
schedule. This relation appeared to be 
linear, with the rate on the FR4 schedule 
being approximately four times greater 
than that on the FR1 schedule (Fig. 1A). 
The rate of responding also varied signif- 
icantly (P  < .001) as a function of the 
dose per infusion (Fig. 1B). Both experi- 
ments demonstrate that intravenous no- 
mifensine is reinforcing and that animals 
will work to maintain relatively constant 
serum (and presumably brain) concen- 
trations of the drug. At the end of the 
experiments with nomifensine, the ani- 
mals were transferred to solutions con- 
taining imipramine (0.5 mgiml). In accord- 
ance with the results of experiments on 
monkeys (I#), imipramine did not cause 
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Fig. 2. The effect of prior treatment with 
pimozide (0.25 mglkg) or vehicle (tartaric 
acid) on the rate of bar pressing to obtain 
nomifensine (0.36 mglkg per infusion) on the 
FRl schedule. Each column represents the 
mean I. standard error for seven animals. 

References and Notes 

1. J. Angst, M. Koukkou, M. Bleuler-Herzog, H. 
Martens, Arch. Psychiatr. Nervenkr. 219, 265 
(1974); J. C. Pecknold, T. A. Ban, H. E. Leh- 
mann, A. Klinger, Int. J .  Clin. Pharmacol. 
Ther. Toxicol. 2, 304 (1975). 

2. P. Hunt, M. L. Kannengiesser, I. P. Raynaud, 
J .  Pharm. Pharmacol. 26, 370 (1974); A. Ran- 
drup and C. Braestrup, Psychopharmacology 
53, 309 (1977); V. Schacht and W. Heptner, 
Biochem. Pharmacol. 23, 3413 (1974); J. Tuo- 
misto, Eur. J .  Pharmacol. 42, 101 (1977). 

3. R .  Samanin, S .  Bernasconi, S. Garratini, Eur. J. 
Pharmacol. 34, 377 (1975). 

4. A. Carlsson and M. Lindavist. in Deoressive 

maintained intravenous self-administra- 
tion behavior 

In a final experiment, we investigated 
the effect of prior treatment with the 
relatively specific DA receptor antago- 

Disorders, S. Garratini, ~ d :  (schattau4, Stutt- 
gart, 1978), pp. 95-105. 

5. I. Hoffmann, Arzneim. Forsch. 23, 45 (1973). 
6. C. Braestrup and J. Scheel-Kriiger, Eur. J. 

Pharmacol. 38, 305 (1976). 
7. H. J. Gerhards, A. Carenzi, E.  Costa, Naunyn- 

Schmiedebergs Arch. Pharmakol. 286, 49 
11 074) 

nist pimozide on nomifensine self-admin- 
istration (15). Previous studies have 
demonstrated that low doses of pimozide 

\ . , ,7 , .  

8. M. T. C. Price and H. C. Fib~ger, Pharmacol. 
Biochem. Behav. 5, 107 (1976); C. Braestrup 
and J. Scheel-Kruger, Eur. J .  Pharmacol. 38, 
7 n ~  (1976) 

or other neuroleptics can increase the 
rate of self-administration of psychomo- 
tor stimulants (12, 16, 17). It was sug- 

compounds primarily release granular 
stores rather than newly synthesized 
DA. In this regard it should be noted \ - - ,  -,. 

9. ~: '~ ickens  and W. C. Harris, Psychopharmaco- 
logia 12, 158 (1968); R. Pickens and T. Thomp- 
son, J .  Pharmacol. Exp. Ther. 161, 122 (1968); 
C. R. Schuster, J. H. Woods, M. H. Seevers, in 
Abuse of Central Stimulants, F. Sjoqvist and M. 
Tottie, Eds. (Almqvist & Wiksell, Stqckholm, 
1969), pp. 339-350; R .  A. Yokel and R. Pickens, 
J .  Pharmacol. Exp. Ther. 187, 27 (1973). 

10. T. C. McCormick and T. W. McNeel, Tex. State 
J .  Med. 59, 99 (1963); U. H. Peters, Arch. 
Tosikol. 19, 199 (1961); B. Rioux, Dis. Nerv. 
Syst. 21, 346 (1960); J. Spensley and D. A. 
Tockwell, N. Engl. J .  Med. 286, 880 (1972); R. 
B. Resnick, R. S. Kestenbaum, L. K. Schwartz, 
Adv. Behav. Biol. 21, 615 (1977). 

11. J. R. Weeks, Methods in Psychobiology 2, 155 
(1972). 

gested that this increase is due to partial that, although these compounds block 
blockade of central postsynaptic DA re- 
ceptors involved in mediating the rein- 
forcing properties of psychomotor stimu- 

DA uptake, there is no evidence that 
they increase the release of DA from 
synaptosomes or brain slices in vitro 

lants and that higher concentrations of 
these stimulants are therefore required 
to produce maximally reinforcing effects 

(21). However, in vivo all three com- 
pounds appear to increase DA release in 
the central nervous system (6, 22). 

(17). Further evidence for a dopaminer- 
gic mechanism underlying self-adminis- 
tration of psychostimulants is the finding 

On the basis of their observation that 
nomifensine increases the rate of intra- 
cranial self-stimulation in rats with elec- 

that lesions of DA terminals in the region 
of the nucleus accumbens abolishes self- 
administration of cocaine and d-amphet- 
amine (12, 18). 

trodes in the medial forebrain bundle, 
Katz et al. (23) cautioned that this com- 
pound may share with other psychostim- 

12. D. C. S .  Roberts, M. E.  Corcoran, H. C. 
Fibiger, Pharmacol. Biochem. Behav. 6, 615 
(1977). 

13.   he Hchedule of reinforcement was varied so 
that over three consecutive days each animal 
was exposed to one schedule per day (FRI, 
FR2, or FR4) for a period of 4 hours. The order 
of the presentation of schedules was varied 
randomly across animals. 

14. F. Hoffmeister and S. R. Goldberg, J .  Pharma- 
col. Exp. Ther. 187, 8 (1973). 

15. Pimozide (0.25 mglkg) was injected intraperito- 
neally 2 hours after the beginning of a nomifen- 
sine self-administration session. Each animal 
was then given access to the lever for 2 more 
hours starting 30 minutes after the pimozide 
injection. The next day the same procedure was 
followed except that vehicle (a warm aqueous 
solution of tartaric acid; 1.5 mglkg) was injected 
instead of pimozide. 

16. H. de Wit and R. A. Wise, Can. J .  Psychol. 31, 
195 (1975). 

17. R. A. Yokel and R. A. Wise, Science 187, 547 
(1975). 

18. W. H. Lyness, N. M. Friedle, K. E. Moore, 
Pharmacol. Biochem. Behav. 11, 553 (1979). 

19. H. C. Fibiger and A. G. Phillips, in The Neuro- 
biology ofDopamine, A. S. Horn, J. Korf, B. H. 
C. Westerink, Eds. (Academic Press, New 
York, 1979), pp. 597-615. 

20. J. Scheel-K~ger ,  Eur. J .  Pharmacol. 14, 47 
(1971); A. C. Sayers and Y. L. Handley, ibid. 
23, 47 (1973). 

21. D. Demb~ec, Neurochem. Res. 5, 345 (1980). 
22. 0 .  J. Broch, Eur. J .  Pharmacol. 58, 419 (1979). 
23. R. J. Katz, G. Baldright, B. J .  Carroll, Pharma- 

col. Biochem. Behav. 7, 296 (1977). 
24. F. Leuschner, cited in (6). 
25. The lowest dose per injection in the present 

experiments was 0.18 mglkg, suggesting that 
positive results might have been obtained by 
Leuschner had higher doses been used. Further- 
more, the preparation of nomifensine used by 
Leuschner w*s not specified. Most research on 
nomifensine has been conducted with the rather 
insoluble hydrogen maleate salt; if this is what 
Leuschner used, then it was administered intra- 
venously as a suspension. 

26. K. Taeuber, K. Zapf, W. Rupp, M. Badian, Int. 
J .  Clin. Pharmacol. Biopharm. 17, 32 (1979); 1. 
Hindmarch, Br. J .  Clin. Pharmacol. 4, 178 
(1977); J .  R. Wittenborn, C. F. Flaherty, W. E. 
McGoueh. K. A. Bossanee. R. J .  Nash. Psvcho- 

ulants the potential for abuse. In one 
unpublished report, however, Leuschner 
(24) claimed that nomifensine (0.02 to 
0.18 mglkg per injection) was not self- 

The results of this experiment are pre- 
sented in Fig. 2. In accordance with 
previous observations for other indirect- 
ly acting DA agonists, pimozide (0.25 
mglkg) significantly increased the rate of 
self-administration of nomifensine (P < 

administered by monkeys that self-ad- 
ministered cocaine and amphetamine. 
The reason for this discrepancy is not 
readily apparent (25). .01), while prior treatment with the vehi- 

cle had no significant effect. Regardless 
of the precise basis of this effect, these 

To our knowledge there have been no 
clinical reports of nomifensine abuse by 
humans. In addition, clinical trials on results implicate dopaminergic mecha- 

nisms in nomifensine self-administra- 
tion. 

The present experiments provide evi- 

healthy volunteers have failed to identify 
euphoric or other pleasant effects of the 
compound (26). Nevertheless, the intra- 

dence that nomifensine is self-adminis- 
tered intravenously by the rat. This find- 
ing supports the generalization that com- 

venous self-administration paradigm has 
proved reliable for identifying com- 
pounds with the potential for abuse by 

pounds which block the uptake or in- 
crease the release of DA by central 
dopaminergic neurons will maintain self- 

humans. The present demonstration pro- 
vides evidence that nomifensine may 
have this potential. The remarkably simi- 

administration behavior in a variety of 
animals including man (1, 10, 19). In 
terms of its effects on central monoami- 

lar pharmacological profiles of nomifen- 
sine and compounds that are abused by 
humans reinforce this conclusion. 

nergic systems, nomifensine is remark- 
ably similar to cocaine and methylpheni- 
date, and therefore its ability to support 

Further clinical research on nomifen- 
sine is needed. If nomifensine does not 
have the potential for abuse by humans 

self-administration behavior might have 
been predicted. All three compounds po- 
tently inhibit the synaptosomal uptake of 

and yet supports self-administration in 
animals, then it would represent a truly 
novel class of compounds. 

C. SPYRAKI 
H. C. FIBIGER 

Division of Neurological Sciences, 

both DA and norepinephrine, and the 
stimulating effects of each drug are 
blocked by reserpine but not by the 
tyrosine hydroxylase inhibitor a-methyl- 
p-tyrosine (6, 20). The latter observation 
has been taken to indicate that these 

pharma>ology 51, 85 (!976). 
27. Supported by the Medical Research Council of 

Canada. The excellent technical assistance of S. Department of Psychiatry, 
University of British Columbia, 
Vancouver V6T 1 W5, Canada 

Atmadja is gratefully acknowledged. 

13 January 1981 

SCIENCE, VOL. 212 




