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ACETO, M. D, J. A. ROSECRANS, R. YOUNG AND R. A. GLENNON. Similarity between ( +)-amphetamine and
amfonelic acid. PHARMACOL BIOCHEM BEHAYV 20(4) 635-637, 1984.—Rats, trained to discriminate the CNS stimulant
(+)-amphetamine (1.0 mg/kg) from saline in a two-lever drug administration task, were challenged with various doses of the
structurally dissimilar CNS stimulant amfonelic acid. Amfonelic acid was found to substitute for the amphetamine stimulus
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and was found to be 1.5 times more potent than amphetamine.
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AMFONELIC acid (7-Benzyl-1-ethyl-1,4-dihydro-4-oxo-
1,8-naphthyridine-3-carboxylic acid, AFA) has been shown
to be a potent locomotor stimulant in a wide variety of
animals [2]. Interest in the drug was heightened originally by
the observation that the drug was not another disguised or
masked phenethylamine, because none of the nitrogen atoms
in the molecule were basic. Although AFA and (+)-
amphetamine (AMPH) produced similar behavioral effects
[4,11], their biochemical actions are quite different. Studies
with a-methyltyrosine and reserpine indicated that the drugs
did not act in the same manner, but their mechanisms in-
volved catecholamines [1]. Other workers [12,14] showed
that although AFA and AMPH released dopamine, they
promoted mobilization of dopamine from different pools;
AFA preferentially releases the older stored catecholamine
while AMPH is dependent on the newly synthesized trans-
mitter. Further, AFA enhances impulse-induced dopamine
release and decreases dopamine neuronal impulse flow [14].
Another intriguing difference between the two stimulants has
also been reported [1]. AFA does not produce aggregate
group toxicity in mice, which has been shown for AMPH by
many investigators [1, 5, 9]. In man, AFA and AMPH have
been found to produce CNS stimulation, hallucinations,
paranoid ideation and exacerbation of schizophrenic symp-
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toms [14,15]. Clearly, additional studies with this interesting
pharmacological tool are indicated.

This study focuses on the behavioral effects produced by
AMPH and AFA in a drug discrimination task, which is a
sensitive and specific paradigm for the study of CNS active
agents [6,8]. In a previous investigation, Schechter [13] re-
ported that AFA did not substitute for an apomorphine
stimulus. In the present study, with rats trained to discrimi-
nate 1.0 mg/kg of AMPH sulfate from saline, we examine the
ability of the AMPH stimulus to generalize (substitute, trans-
fer) to AFA.

METHOD

Fourteen male Sprague-Dawley rats were trained to dis-
criminate AMPH sulfate (1.0 mg/kg, IP) from saline (1.0
ml/kg) using standard (Coulbourn Instruments) two-lever
operant chambers. The discrimination training procedure for
these animals has been previously reported [8]. Briefly, the
administration of saline or AMPH, 15 minutes prior to a
variable internal 15-second (VI-15 sec) schedule of rein-
forcement served as the discriminative cue for the correct
(reinforced) lever. Occasional periods (2.5 min) of non-
reinforced lever responding were used to assess the degree
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TABLE 1
RESULTS OF GENERALIZATION STUDIES USING AMPH-TRAINED RATS
% AMPH Meant
Dose Lever Respondingt Res/Min ED;#
Agent (mg/kg) N* (£S.E.M) (£S.EM) (mg/kg)
AMPHS 1.00 14/14 94% (3.1) 14.9 (1.49) 0.42
(0.29-0.62)
AFA 0.10 4/4 18% (8.6) 15.1(1.2)
0.25 4/4 41% (17.0) 14.3 (2.3)
0.75 4/4 76% (12.6) 14.7 (2.8)
1.00 4/4 97% (2.3) 14.0 (1.8) 0.27
(0.07-1.02)
Saline 14/14 4% (1.2) 14.8 (1.7)
1 ml/kg
Saline/Vehicle 14/14 3% (1.4) 15.1 (1.6)

*Number of animals responding/number of animals receiving drug.

tData obtained during 2.5 min extinction session.

}Followed by 95% confidence limits.

§Data previously reported [8]; included for comparative purposes.
{Saline plus one drop of Twen 80 per 10 ml was added.

of stimulus control exerted by saline and AMPH over behav-
ior, and to evaluate the ability of AFA to substitute for the
AMPH cue. Data collected during the 2.5 min extinction
sessions included total responses (expressed as mean re-
sponses per minute) and percent drug appropriate respond-
ing (i.e., responses on the drug designated lever/total number
of responses on both levers times 100). An ED,, value for
AFA was determined by the method of Finney [7] and repre-
sents the calculated dose of AFA at which the animals would
be expected to make 50% of their responses on the drug-
appropriate lever.

RESULTS AND DISCUSSION

In the AMPH-trained rats, administration of AFA re-
sulted in stimulus generalization (Table 1). A comparison of
ED;, values reveals AFA to be approximately 1.5 times more

potent than AMPH. Response rates under drug or non-drug
conditions were similar.

Previous reports have indicated that AFA produces in-
creases in locomotor activity, avoidance responses, and in-
duces stereotyped behavior that are similar to that produced
by AMPH [3, 4, 10]. That AMPH and AFA produce a similar
behavioral effect in the discrimination paradigm is consistent
with those investigations. Although AMPH and AFA share a
common stimulus effect, it is unclear whether the effect is
produced by the same mechanism of action. Based on the
data derived from biochemical and other behavioral studies
(e.g., [1, 12, 14]), it seems likely that the stimulus effects may
be mediated by different catecholamine mechanisms. How-
ever, additional investigations involving AFA as training
drug and detailed drug discrimination studies involving
dopamine antagonists in combination with AFA and/or
AMPH are needed to elucidate these differences.

REFERENCES

1. Aceto, M. D,, 1. Botton, M. Levitt, R. Martin, H. C. Bentley
and P. T. Speight. Pharmacologic properties and mechanism of
action of amfonelic acid. Eur J Pharmacol 10: 344-354, 1970.

2. Aceto, M. D, L.. S. Harris and G. Y. Lesher. Pharmacology of
7-benzyl- 1-ethyl-1,4-dihydro-4-0xo-1,8-naphthyridine-3-car-
boxylic acid. Pharmacologist 8: 222, 1966.

3. Aceto, M. D., L. S. Harris, G. Y. Lesher, J. Pearl and T. G.
Brown, Jr. Pharmacologic studies with 7-benzyl-ethyl-1,4-
dehydro-4-0xo0-1,8-naphthyridine-3-carboxylic acid. J Phar-
macol Exp Ther 158: 286-293, 1967.

4. Braestrup, C. Biochemical differentiation of amphetamine ver-
sus methylphenidate and nomifensine in rats. J Pharm Phar-
macol 29: 463-470, 1977.

5. Chance, M. R. A. Aggregation as a factor influencing the toxic-
ity of sympathomimetic amines in mice. J Pharmacol Exp Ther
87: 214-221, 1946.

6. Colpaert, F. C. and J. A. Rosecrans. Stimulus Properties of
Drugs: Ten Years of Progress. Amsterdam: Elsevier/North-
Holland Biomedical Press, 1978.

7. Finney, D, J. Probit Analysis. London: Cambridge University
Press, 1952.

8. Glennon, R. A. and R. Young. Further investigation of the dis-
criminative stimulus properties of MDA. Pharmacol Biochem
Behav 20: 501-505, 1984.

9. Greenblat, E. N. and A. C. Osterberg. Correlations of
activating and lethal effects of excitatory drugs in grouped and
isolated mice. J Pharmacol Exp Ther 131: 115-123, 1961.

10. Hearst, E. and R. E. Whalen. Facilitating effect of
d-amphetamine on discriminated-avoidance performance. J
Comp Physiol Psychol 56: 124-128, 1963.



STIMULUS PROPERTIES OF AFA

11.

12.

Jeste, D. V., M. J. Perlow, R. J. Wyatt and D. M. Stoff. Behav-
ioral effects of amfonelic acid in rats: A comparison with am-
phetamine and apomorphine. Commun Psychopharmacol 3:
41-47, 1979.

Miller, H. H. and P. A. Shore. Effects of amphetamine and
amfonelic acid on the disposition of striatal newly synthesized
dopamine. Eur J Pharmacol 78: 3344, 1982.

637

13. Schechter, M. D. Different dopaminergic mechanisms for am-
fonelic acid, amphetamine and apomorphine. Pharmacol
Biochem Behav 13: 497-500, 1980.

14. Shore, P. A. Actions of amfonelic acid and other non-
amphetamine stimulants on the dopamine neuron. J Pharm
Pharmacol 28: 855-857, 1976.

15. Snyder, S. H., S. P. Banerjee, H. I. Yamamura and D.
Greenberg. Drug, neurotransmitters and schizophrenia. Science
184: 1243-1253, 1974.



