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SCHECHTER, M. D. Drug-drug discrimination: Stimulus properties of drugs of abuse upon a serotonergic-dopaminergic
continuum. PHARMACOL BIOCHEM BEHAV 56(1) 89–96, 1997.—Ten male N/Nih rats were trained to discriminate
between the interoceptive cues produced by the purportedly dopaminergically-mediated drug d-amphetamine at 0.4 mg/kg
intraperitoneally administered 20 min prior to training and those produced by the purportedly serotonergically-active agent
norfenfluramine at 0.7 mg/kg. Once this discrimination was successfully acquired, the rats were tested with saline and with
both drugs administered simultaneously and these manipulations were seen to produce random responding; indicating roughly
equivalent cueing strength. Subsequently, various drugs thought to act upon serotonergic neurons, i.e., LSD and MDMA,
were tested and shown to generalize in a dose-responsive manner to the norfenfluramine-appropriate lever. In contrast, the
dopaminergically-active agent methcathinone and the D3 agonist 7-OH-DPAT produced generalization on the amphetamine-
appropriate lever. Results are discussed in light of the increased specificity of behavioral testing available in a drug vs. drug
discriminative paradigm using two drugs with different mechanisms of action. Copyright  1997 Elsevier Science Inc.
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THE ever-growing utilization of the stimulus discriminative One of these drug-drug discrimination studies employed
the central stimulant amphetamine vs. the depressant pento-learning procedures (e.g., 42) has allowed for its being adopted

as a specific in vivo assay of centrally-activated drugs. In effect, barbital to test other drugs, fenfluramine and nicotine, upon
this “upper-downer” continuum of discriminative cues (34).the vast majority of these drug discrimination studies involve

training a drug vs. its vehicle, a non-drug condition, where Another study employed the discriminative stimulus proper-
ties of 0.8 mg/kg amphetamine, a drug thought to act by dopa-the discriminative interoceptive cues function to signal the

presence or absence of the drug, respectively. In contrast, mine release (20), to train rats to discriminate it from 1.4 mg/
kg norfenfluramine, a drug thought to act by virtue of itsfewer studies have investigated the drug-drug discriminative

procedure in which animals are trained to discriminate be- ability to release pre-synaptic serotonin (7). These two drugs
had been previously shown not to generalize to one anothertween the interoceptive cues produced by two different drugs;

this allows for a generalization gradient to be established for as norfenfluramine will not generalize to amphetamine (5) nor
will, the related drug, fenfluramine generalize to amphetamineboth drugs. The drugs used to train differential responding

have been reviewed (38) and, as early as 1979 (3), it was (49). The lack of generalization of these drugs suggests a
distinct pharmacological difference in the mechanism of actionsuggested that the strength, or distinctiveness, of a drug-pro-

duced interoceptive cue not only depends on the dose of the between these two anorectic drugs; the norfenfluramine hav-
ing mostly serotonergic activity, whereas the amphetaminedrug used, but upon the characteristics of the drug. Thus, two

drugs, at roughly equivalent potencies, may be different in having dopaminergic activity. Therefore, the drug-drug dis-
criminative effects between these two agents would allow fortheir distinctiveness or discriminability than the difference

existing between the respective drug and its nondrug training testing of other drugs along a “continuum” that may, in fact,
be mediated at its extremes by each of these two distinctcondition. Indeed, this has been shown to be the case in that

increased sensitivity to lower doses of the training drug have neurotransmitters. The purpose of the present study, there-
fore, was to replicate a previous experiment in which norfen-been reported in animals trained in drug vs. drug discrimina-

tion (6,16,22,39). fluramine vs. amphetamine was trained in rats but to, in addi-
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tion, halve the training dose of each drug. In most cases, were required to respond upon the opposite lever starting
decreasing the training dose employed in producing discrimi- with an FR1 schedule. The schedule was gradually incre-
native stimulus effects reduces the subsequent ED50 value, mented over a period of five days until stable FR10 rein-
suggesting a greater degree of sensitivity in the animal to forcement responding was attained and this schedule was
the lower drug dose’s interoceptive cue (9). Thus, 0.7 mg/kg maintained for one additional day. Following these initial
norfenfluramine was trained in rats on one of two levers, lever-press training sessions, the bi-weekly, repeating injection
whereas 0.4 mg/kg amphetamine was trained on the second schedule of A-NF-NF-A-A; NF-A-A-NF-NF, where A5 0.4
of these two levers. Subsequently, saline and coadministration mg/kg amphetamine and NF50.7 mg/kg norfenfluramine, was
of the training drugs/doses, as well as novel drugs of abuse, used. This schedule of administration was continued on a daily
with known or suspected serotonergic-dopaminergic activity, schedule until all rats selected (pressed 10 times first) the
were tested to ascertain their discriminative properties along a appropriate lever based on the condition imposed on 8 out of
serotonergic (norfenfluramine)-dopaminergic (amphetamine) 10 consecutive sessions. This 80% discriminative performance
continuum. In addition, the co-administration of the training was required to occur for two 10-consecutive session durations;
dose(s) of norfenfluramine and amphetamine was tested at this often occurred in two subsequent 10 consecutive session
various post-administration times in an endeavor to evaluate blocks such that the rat correctly selected the appropriate
if the offset of discriminative effect, i.e., the behavioral half- lever in 16 (or more) sessions of the twenty consecutive ses-
life, of each drug was different from the other. sions conducted. In a few cases, the second 10 consecutive

sessions did not immediately follow the first 8 of 10 correct
METHODS sessions.

Subjects
Dose-Response Testing

The rats used in the present experimentation were 10 male
After all ten rats had met the 80% discriminative criterionN/Nih rats delivered to this site from the Small Animal Section

on two occasions, they each received various doses ofd-amphet-of the National Center for Research Resources of the National
amine (A) or norfenfluramine (NF) according to the two-week,Institutes of Health. These animals comprise one of the few
repeating schedule: A-DR1-NF-DR1-A, DR2-NF-DR2-A-DR3,new outbred stocks to be developed in the last fifteen years
NF-DR3-A-DR4-NF, DR4-A-DR5-NF-DR5, A-DR6-NF-DR6-(19). The animals were approximately 90 day-old at the initia-
A, etc., where DRn 5 novel doses of either norfenfluraminetion of training and were individually housed in galvanized
(at 0.0875, 0.175, 0.35 and the training dose of 0.7 mg/kg) orcages with free access to water except during experimental
amphetamine (0.05, 0.1, 0.2, as well as the training dose of 0.4sessions. They were maintained at 85 6 5% of their free-
mg/kg). Thus, each novel dose of either norfenfluramine orfeeding body weights as determined by weighing an ad libitum
amphetamine was preceded by a maintenance session withfed rat. The rats were trained five days per week, at the same
both the 0.4 mg/kg amphetamine, as well as one 0.7 mg/kgtime of day (1200–1400 h).
norfenfluramine maintenance session. During these mainte-
nance sessions, the first 10 responses accumulated on one ofApparatus
the two levers was considered the “selected” lever yet animals
were allowed to respond in order to receive 40 reinforcementsTwelve standard rodent operant test cages (Lafayette In-

strument Company, Lafayette, IN) were equipped with two (and, thus, required to make 400 responses on the FR10 sched-
ule) only upon the state-appropriate lever; this allowed a testlevers mounted 7 cm above the metal grid floor and 7 cm

apart. The greater number of experimental chambers than of discriminability of one of the two training drug/doses and a
continuing training session to help ensure that rats maintainedsubjects allowed for random assignment of a rat to any cham-

ber on any given day to preclude the possibility of inter-animal discrimination between amphetamine and norfenfluramine.
During interspersed test sessions, the animals were allowedolfactory cues (11). Equidistant between the two levers and

2 cm above the floor was located a food-pellet receptacle to lever press until a total of 10 responses had accumulated
on either lever. The rats were immediately removed from thecapable of receiving the delivery of a 45 mg Noyes (Lancaster,

NH) food pellet. The test cage was housed in a sound-attenuat- operant chamber, without receiving reinforcement, so as to
preclude reinforcement/training after administration of a doseing cubicle equipped with an exhaust fan and a 9W house light.
differing from their training dose of either amphetamine or
norfenfluramine. The “selected” lever (pressed 10 times first)Shaping and Discriminative Training
was used for the quantal measurement and the number of

The training procedure was similar to that previously de- presses on both levers at the time that one was selected was
scribed (6). Briefly, the rats were placed into the operant the quantitative measure for that session (see Measurements
chamber 20 min after intraperitoneal (IP) injection and au- and Statistics, below).
toshaped to press one of the two levers in order to receive a
food reinforcement on a fixed-ratio 1 (FR1) schedule. For half Administration of Saline Vehicle or Norfenfluramine Plus
the rats in each group, the right lever was assigned as the Amphetamine Simultaneously
“amphetamine-correct” lever, whereas the other half of this
group was assigned to the left lever. This was done to counter- The administration of the vehicle used to dissolve both the

drugs (i.e., 0.9% NaCl in distilled water) was tested in thebalance any possible position preferences. Training continued
as the FR schedule was gradually increased to an FR10 sched- drug-drug trained rats to indicate the possibility of equal re-

sponses on both levers occurring (i.e., random responding).ule of reinforcement over a period of 6 days. For all animals,
the first drug trained was 0.4 mg/kg amphetamine (sulfate) If, in fact, there was unequal cue strength inherent in the two

trained drugs, the responses may be indicated by a greaterand the FR10 schedule was maintained for an additional 2
days. On the following training session, the rats received the number of responses on the lever appropriate for the training

drug that provides the weaker cue (3,23). In addition, thealternative drug condition, 0.7 mg/kg norfenfluramine, and



NORFENFLURAMINE-AMPHETAMINE DISCRIMINATION 91

simultaneous co-administration of the training doses of each of ment. Both measurements were utilized as has been previously
suggested (41). The midpoint of 50% correct responding wasamphetamine and norfenfluramine were injected immediately
chosen as the point of comparison. These ED50 values, whereafter each other on contralateral sides intraperitoneally and
quantal data are compared by the method of Litchfield andtested twenty min later in an effort to indicate if equal re-
Wilcoxon (29) using probit vs. log- dose effects, not only allowssponses on both levers would occur. If the cue strengths were
for generation of ED50 values but also tests for parallelismunequal, the animals would select the lever responding to the
and potency ratios as a computerized program (44). Quantita-drug producing the stronger discriminative cue with a higher
tive data, as well as sessions-to-criterion (STC) 1 and 2 (i.e.,frequency than that representing the drug with the weaker
the first of 10 consecutive sessions in which 8 of the 10 correctdiscriminative cue (23, 43). The co-administration of 0.7 mg/kg
levers were chosen for the first time-STC1, and for the secondnorfenfluramine and 0.4 mg/kg d-amphetamine was performed
time-STC2) were analyzed by an unpaired Students’ t-testtwice at the onset of generalization experiments (below) in
(two-tailed;44) and the level of statistical significance was cho-n 5 9 rats and in two sessions immediately following the
sen at p , 0.05. Drug discriminability may be examined bygeneralization tests with the remaining rats (n 5 8). In addi-
acquisition rate for the drug discrimination, as well as bytion, the two drugs were co-administered, on two sessions at
determining the dose of drug which produces drug-appro-each post-injection time of 10, 40, 60, 90 and 120 min, to
priate responding 50% of the time, the ED50 value (37).investigate how the rats perceived the two “states” over this

time period.
Drugs

Tests for Generalization with Doses of Drugs of Abuse The drugs (abbreviation; supplier) used in this study were:
d, l-norfenfluramine HCl (NF; A.H. Robins, Richmond, VA),In an effort to determine the norfenfluramine-like effects
d-amphetamine sulfate (AMPH; Sigma Chemical, St. Louis,which may, indeed, be serotonergically-mediated vs. the am-
MO), d-3,4-methylenedioxymethamphetamine hydrochloridephetamine-like discriminative effects, which may, in fact, be
(MDMA; National Institute on Drug Abuse or NIDA, Rock-dopaminergically-mediated, various doses of three drugs of
ville, MD), d, l-methcathinone hydrochloride (NIDA), d-lyser-abuse were administered to the norfenfluramine-amphet-
gic acid diethylamide tartrate (LSD; NIDA) and d, l-7-hy-amine trained animals at 20 min post-injection. Starting doses
droxy-dipropylaminotetralin hydrobromide (7-OH-DPAT;for each of these drugs came from the voluminous research
Research Biochemical International, Natick, MA). All drugswhich has detailed how each of them has been employed as
were dissolved in 0.9% sodium chloride solution (in distilleddrugs capable of controlling discriminative behavior (42).
water), administered intraperitoneally at a constant volumeThus, the starting dose for each of these was the dose pre-
of 1 ml/kg and tested 20 min post-injection except during theviously shown to produce discriminative behavior and lower
time-course study. Doses were all calculated as base.doses were then also tested. When a drug, at any particular

dose, was observed to produce 80% of responding on the
RESULTSamphetamine-appropriate lever, it could be thought to gener-

alize from amphetamine since this 80% criterion was originally Rate of Drug-Drug Discriminative Learning
employed to ascertain criterion-level discriminative perfor-
mance with amphetamine in the drug-drug trained animals. The rats trainedto discriminatebetween 0.4mg/kgd-amphet-

amine and 0.7 mg/kg norfenfluramine rapidly learned to dis-Likewise, if 20% of the responses were made on the amphet-
amine-appropriate lever, this would indicate that 80% of the criminate between these two drug states. The mean (6S.D.)

number of sessions needed to reach the first of the 10 consecu-responses were made on the other, or norfenfluramine-appro-
priate, lever and generalization to norfenfluramine could be tive sessions in which 8 out of 10 lever selections were drug-

appropriate, the STC1, was 6.2 (3.34) with a range of 2 to 11adjudged. The drugs of abuse that were employed were
MDMA (0.125–2.0 mg/kg), methcathinone (0.125–1.0 mg/kg) sessions. Thus, by the 21st session, all 10 N/Nih male rats had

learned to discriminate between amphetamine and norfen-and LSD (at 0.015–0.12 mg/kg). In addition to these known
drugs of abuse, another agent, the D3 agonist 7-OH-DPAT fluramine. The second session-to-criterion (STC 2) occurred

in a mean (6S.D.) of 17.0 (4.81) sessions with a range of 12-(0.063–0.5 mg/kg), was tested. In each case, each dose of the
novel test drug was randomly tested once following a mainte- 26. Thus, even the slowest rat to learn the drug-drug discrimi-

nation required only 36 sessions (18 with each drug condition)nance session with 0.7 mg/kg norfenfluramine and once after
a maintenance session with 0.4 mg/kg amphetamine. Each to learn to discriminate between amphetamine and norfen-

fluramine.drug was administered in at least four doses by the IP route
in an equal volume (1 ml/kg), tested 20 min post-administra-
tion, and the animal immediately removed upon accumulating Dose-Response and Time-Course Effects of Amphetamine
10 responses upon either lever. and Norfenfluramine

Doses lower than the training dose of d-amphetamine, 0.2,Measurements and Statistics
0.1, 0.05 mg/kg, produced decreased quantal responding, i.e.,
decreasing percentage of animals selecting (pressing 10 timesThe first lever on which 10 presses accumulated was desig-

nated the “selected” lever. The percentage of rats selecting first) the amphetamine-lever, with a general decrease in the
quantitative measurement as well (Fig. 1). In addition, thethe lever appropriate for amphetamine was employed as the

quantal measurement of discrimination and this is graphically administration of doses of norfenfluramine lower than the 0.7
mg/kg dose used in training, 0.35, 0.2 and 0.1 mg/kg, producedrepresented as the percent first choices on the amphetamine-

appropriate lever. The number of lever presses on the am- increasing responding upon the amphetamine-appropriate
lever and, thus, decreased responding upon the norfenflura-phetamine-appropriate lever divided by the total number of

responses on both levers prior to the accumulation of 10 re- mine-appropriate lever. Both quantal and quantitative mea-
surements in the norfenfluramine-tested animals were seen tosponses on either lever, constitutes the quantitative measure-



92 SCHECHTER

FIG. 2. Discriminative performance of rats (n 5 8) administered the
training doses of 0.7 mg/kg norfenfluramine 1 0.4 mg/kg d-amphet-
amine at different post-administration times.

dose, produced slightly more amphetamine-lever selections at
FIG. 1. Dose-response of 0.0 (saline), 0.1, 0.2, 0.35 mg/kg norfenflur- an earlier post-administration time, but that this discriminativeamine, as well as 0.05, 0.1, 0.2 d-amphetamine, in rats trained to

effect shifted to more norfenfluramine-like selections as thediscriminate between 0.4 mg/kg amphetamine vs. 0.7 mg/kg fenflura-
injection-to-test interval was extended.mine. Abscissa: dose in mg/kg body weight with each point represent-

ing ten rats; Ordinate: percent of rats pressing the amphetamine-
appropriate lever ten times first, i.e. selecting this lever at 20 min Generalization of Amphetamine to Various Doses of
post-administration. Each point represents two trials at each dose. Methcathinone and 7-OH-DPAT
Quantal and quantitative measurements described in Methods.

When the dose-response data are graphed by using a (dou-
ble-cycle) log-dose abscissa with a probability ordinate, the
dose-response relationship generally takes a linear form (Fig.decrease with decreasing doses administered/tested. Calcula-
3). After administration and testing of 0.5 and 1.0 mg/kg meth-tion (29) of the ED50 value for amphetamine (with 95% confi-
cathinone, both were observed to produce 88.9% of selecteddence limits) indicates 0.112 (0.079-0.159) mg/kg, whereas the
lever choices on the amphetamine-appropriate lever. Thus,ED50 value for norfenfluramine was calculated to be 0.160
when the 9 surviving amphetamine-norfenfluramine trained(0.121-0.213) mg/kg.
rats were administered these two doses on each of two occa-When saline was administered on two occasions, once fol-
sions, they selected the amphetamine-appropriate lever on 16lowing a maintenance session with 0.4 mg/kg d-amphetamine
sessions; thus, 16/18 gives a quantal measurement of 88.9%.and once following a maintenance session with 0.7 mg/kg nor-
The lower dose of 0.25 mg/kg methcathinone produced 66.7%fenfluramine, the 10 rats were seen to select the amphetamine-
and 0.125 mg/kg produced 44.4% amphetamine-lever selec-appropriate lever on 11 of the possible 20 occasions producing
tions. Therefore, both 0.5 and 1.0 mg/kg methcathinone maya quantal measurement of 55% and a mean (SD) quantitative
be said to generalize to the amphetamine-induced stimulusmeasurement of 50.9 (0.64) as indicated in Fig. 1. After these
cue and calculation of the dose-response relationship indicatesexperiments, one rat died and later a second rat died of unre-
an ED50 value (with 95% confidence limits) for methcathinonelated causes; this is represented in n 5 9; 8. Co-administration
equal to 0.152 (0.093-0.248) mg/kg.of the norfenfluramine and amphetamine doses on contralat-

Likewise, the testing of four doses of the putative D3 agonisteral sides tested 20 min after the second injection produced
7-OH-DPAT allowed for increased amphetamine-like re-18 amphetamine-lever selections in the 34 trials, with 9 rats
sponding with increasing doses. The testing of 0.5 mg/kg ontested twice before and 8 rats tested twice after generalization
two occasions produced 16 of 18 possible selected-lever re-testing; this yielded a quantal measurement of 52.9% and a
sponses on that lever yielding a quantal measurement of 88.9%mean (SD) quantitative measurement of 53.9 (3,21). Thus, the
and, thereby, generalization. Decreasing doses of 0.25, 0.125saline (nondrug) test and NF-AMPH co-administration test
and 0.063 mg/kg 7-OH-DPAT produced quantal measure-yielded roughly random responding, when tested at the post-
ments of 66.7%, 61.1% and 38.9%, respectively. Analysis (29)injection time of 20 min. When the two doses of NF and
allowed calculation of an ED50 value for 7-OH-DPAT of 0.096AMPH used in training were co-administered and tested at
(0.0551-0.167) mg/kg.10, 40, 60, 90 and 120 min post-administration, the quantal

Further analysis for parallelism (29) between 7-OH-DPAT,and quantitative measurement results are graphically repre-
methcathinone compared to the amphetamine dose-responsesented in Fig. 2. It would seem that the 0.7 mg/kg norfenflura-

mine dose, administered with the 0.4 mg/kg amphetamine line (Fig. 3) indicates that the lines are parallel within statistical
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FIG. 4. Generalization of norfenfluramine, as well as MDMA and
LSD, in rats trained to discriminate 0.7 mg/kg norfenfluramine from
0.4 mg/kg d-amphetamine. Scales as in Fig. 3.FIG. 3. Generalization of amphetamine doses in animals trained to

discriminate between 0.4 mg/kg amphetamine and 0.7 mg/kg norfen-
fluramine, as well as generalization to methcathinone and 7-OH-

press a second lever. Rats, nevertheless, have also been trainedDPAT. Abscissa: dose on a double-cycle log scale; Ordinate: percent
to discriminate between one drug and another drug and haveamphetamine lever selections on probability scale. Each point repre-

sents n 5 9 and two trials at each dose. been shown to acquire the training criterion faster than those
animals trained between drug and its vehicle (33, 47). Previous
work from this laboratory (34) indicated that when two drugs

limits (p , 0.05). In addition, ED50 values are not significantly are used to train rats, i.e., the psychostimulant amphetamine
different from each other. vs. the central depressant pentobarbital, novel drugs such as

nicotine and fenfluramine can be administered in an effort to
Generalization of Norfenfluramine to Various Doses of test the effects of these drugs upon, (what might be viewed
MDMA and LSD as) a stimulant-depressant continuum. In addition, animals

can be trained to differences in physiological states, such asTest days were also employed in the amphetamine-fen- food satiation vs. food-deprivation and, subsequently, testedfluramine trained animals to test drugs whose putative mecha- with drugs along this “hunger” continuum (37). In the presentnisms are serotonergic in nature. Thus, doses of MDMA at study, rats were trained, as previously shown possible (6), to2.0, 1.5, 1.0, 0.5, 0.25 and 0.125 mg/kg were administered and discriminate between two known appetite-suppressant com-produced quantal performance on the amphetamine-lever of pounds, amphetamine and norfenfluramine, the first active16.7, 11.1, 61.1, 61.1, 50.0, and 72.2%, respectively. Thus, at metabolite of fenfluramine, in a two-lever, food-motivatedthe highest dose tested (2.0 mg/kg), MDMA allowed for 83.3% behavioral paradigm. The previously-cited work employed aof responses upon the norfenfluramine-appropriate lever, indi- dose of amphetamine of 0.8 mg/kg and that of norfenfluraminecating a generalization to this (trained) drug state. This gener- of 1.4 mg/kg, both administered intraperitoneally. The presentalization persisted, albeit increased (to 88.9%), at 1.5 mg/kg study indicated that half of each dose not only can produceand decreased with lowered doses (Fig. 4). Calculation of the discriminative performance at criterion levels but, in fact, pro-ED50 value for MDMA: 0.327 (0.100-1.063) mg/kg. duced this in fewer sessions, i.e., the STC1 in the present studyLikewise, doses of LSD, tested on two occasions each, occurred at the end of a mean (S.D.) of 16.2 6 3.34 sessions,starting at the highest dose of 0.12 mg/kg, produced 16.7% whereas it took 9 animals trained to the high doses of 1.4 mg/quantal responding on the amphetamine-appropriate lever kg norfenfluramine vs. 0.8 mg/kg amphetamine 23.9 6 2.6and, thus, 83.3% on the norfenfluramine-appropriate lever, sessions to reach criterion performance. Similarly, the ED50indicating generalization. Lower doses of 0.06, 0.03, and 0.015 values for both norfenfluramine and amphetamine in the pres-mg/kg produced 33.3, 50.0 and 61.1% responding upon the ent study were lower than previously shown in rats trained toamphetamine-appropriate lever (Fig. 4). This dose-response the higher doses (6). Nonetheless, a different line of rats, therelationship allowed an ED50 value for LSD equal to 0.0267 N/Nih, was used in the current experiment, whereas Sprague-(0.045-0.156) mg/kg. Analysisof the dose-response lines gener- Dawley rats were used previously.ated (Fig. 4) indicates parallelism within statistical limits Analysis of the dose-response lines indicated similar ED50(p , 0.05) but a significantly more potent effect of LSD (po- values after administration of various doses of both amphet-tency ratio equal to 6.003; p , 0.05;38) when compared to the amine and norfenfluramine suggesting a relatively equivalentdose-response effect of norfenfluramine tested. saliency between the two drug cues. This was, furthermore,
exemplified by the administration of saline, which produced

DISCUSSION a quantal measurement of 55%, and the co-administration of
the 0.7 mg/kg norfenfluramine plus 0.4 mg/kg amphetamine,The behavioral paradigm of drug discrimination, a.k.a.

stimulus properties of drugs, generally involves training rats producing a quantal measurement of 52.9%. Thus, the qualita-
tive characteristics of norfenfluramine discrimination are dif-to discriminate the presence or absence of a drug by using

the drug to train one response, usually pressing one lever, and ferent than, yet equivalent to, those of amphetamine discrimi-
nation as both are known anorectic drugs. The mostthe vehicle to train a second equivalent response, usually to
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parsimonious explanation for this is that even though these numerous doses of both methcathinone and 7-OH-DPAT, are
depicted in Fig. 3. Methcathinone is a phenylisopropylaminedrugs act on different neurotransmitters in the brain, they are

being trained at relatively equivalent discriminable doses at that has recently been placed on the DEA Schedule I category
as it is produced by clandestine laboratories and has beenthe 20 min post-administration interval used in this study.

The co-administration of norfenfluramine and amphetamine identified as an illegal drug of abuse. It has been shown to
produce positive reinforcing effects in self-administration ex-produced more amphetamine-like responding at the earlier

test time of 10 min post-injection, with more norfenfluramine- periments in baboons (26). In rats, cocaine has been shown
to generalize to methcathinone which was, in fact, shown tolever selection at later times; this effect may simply be attrib-

uted to pharmacokinetics. In effect, temporal studies using be approximately six times as potent (50). In amphetamine-
trained animals, methcathinone was found to be both moreamphetamine trained in a discriminative task indicated a rapid

onset, with a maximal effect of 15-30 min, as well as minimal potent than its parent-compound, cathinone, as well as am-
phetamine. Thus, this suggested to the authors (17) that meth-or absence of discriminative performance at 120 min post-

injection (25,35). In contrast, the one study that employed cathinone is to cathinone, much what methamphetamine is to
amphetamine, in potency and abuse potential.norfenfluramine as a drug to control discriminative perfor-

mance (6), observed that at 240 min post-administration, the The testing of a non-drug of abuse with dopamine D3 ago-
nism effects, viz., 7-hydroxy-N,N-di-n-propyl-2-aminotet-animals chose the norfenfluramine-appropriate lever on 80%

of the tests. Thus, it appears that norfenfluramine is a drug raline (7-OH-DPAT;30), allowed evidence as to it producing
amphetamine-like effects at the highest dose (0.5 mg/kg)of longer duration than is amphetamine and, therefore, as

seen in Fig. 2, the animals are capable of discriminating it to tested. Of interest, is the recent finding that 7-OH-DPAT
produces rewarding effects in the place conditioning paradigma greater extent as the post-injection interval increases.

The tests with saline, as used to assess stimulus saliency, when tested at 0.5-5.0 mg/kg (31). In addition, this D3 receptor-
selective ligand has been shown to produce hypermotility (2),also exhibited relative equality, inferring that the animals can

divide their responding relatively evenly between the two in- whereas 0.1 mg/kg 7-OH-DPAT has been successfully em-
ployed to produce drug discriminative control in the rat (32).teroceptive cues allowing responses to be equivalent. The ad-

ministration of saline to animals who have been trained to The contribution of dopamine D3 receptors to the euphori-
genic effects of both methcathinone and amphetamine will bediscriminate the effects of one drug vs. the effects of a second

drug produces, what might be thought of as, a third internal of future scientific interest as the generalization from amphet-
amine to methcathinone and 7-OH-DPAT occurred in a dose-state, i.e., one that is neither dopaminergic nor serotonergic.

This “non-ergic” state would differ in quality from the drug- responsive manner with slopes that were parallel (Fig. 3; p ,
0.05). This observation may suggest that all three agents arestates trained. The equipotence of the discriminative stimulus

control of the trained dose of norfenfluramine, used in con- working at the same site/mechanism of action (28). More re-
cently, other D3 receptor ligands have been observed to pro-junction with the training dose of amphetamine, provides dis-

criminative control of relatively even distribution precluding duce cocaine-like discriminative effects in the rat when admin-
istered in doses that produce response deficits (1).either of the two drugs’ stimulus overshadowing the other.

The combined administration of the training doses of both Generalization experiments using two drugs thought to be
serotonergically mediated, LSD and MDMA, indicated adrugs is a different case in point than administering saline in

that a mixture of the quantitative and qualitative effects of dose-response effect in the norfenfluramine-amphetamine
trained rats; this allowed for the highest dose of each drug toboth cues are available to the animal. By having rough equipo-

tence, it allowed for a relative random responding both in generalize to the norfenfluramine stimulus cue. Previous work
indicated that both fenfluramine and LSD would generalizeterms of percentage of animals selecting a particular lever

(quantal %) and quantitative responding. in animals trained to discriminate the serotonin receptor ago-
nist m-chlorophenylpiperazine from saline (8). In fenflura-The ingenious use of a three-choice discrimination proce-

dure in pigeons has been used to show the differences between mine-trained rats, LSD produces partial substitution (45) and
fenfluramine produces intermediate results in animals trainedd-amphetamine, fenfluramine and saline (10). In this para-

digm, not only can serotonergic agonists be shown to be fen- with LSD (46). The possibility exists that norfenfluramine, the
first active metabolite of fenfluramine, may, in fact, be morefluramine-like, but compounds with complex discriminative

stimulus properties can be investigate, as well as drugs with potent and act not only by releasing pre-synaptic serotonin,
but also as a post-synaptic serotonin agonist (21,24). In fact,neither drug-appropriate stimulus effects. Results using this

apparatus indicated exclusive discrimination between fen- using the same operant discrimination task, norfenfluramine
was shown to be approximately twice as potent as fenfluraminefluramine and amphetamine inthat low doses of either resulted

in saline responding. This three-choice discrimination proce- and to produce generalization to LSD (27).
Likewise, the alleged (12,40) serotonin neurotoxin,dure has also been recently used in rats (13) which reiterates

the inherent advantage to the three-lever design over that of 3,4 methylenedioxymethamphetamine (MDMA), has been
shown to promote the release of serotonin and block its reup-the drug-drug design used herein. This resides in the fact that

when the drugs used to train the subjects upon a “continuum”, take; the same mechanism as proposed for fenfluramine (18).
The possibility also exists that MDMA releases both serotoninas appears to exist in the present study, then the trained drugs,

in combination, where Drug 1 vs. Drug 2 vs. saline has been and dopamine (18,36). In the present experiment, the highest
two doses of MDMA administered, 1.5 and 2.0 mg/kg, pro-trained, will produce largely saline-lever responding (15).

However, when the training drugs produce independent states duced greater than 80% of responses upon the norfenflura-
mine-appropriate lever. Careful examination of the dose-with no apparent site/mechanism in common, then the combi-

nation of the two drugs in the three-lever task produces re- response effects of MDMA (Fig. 4) indicates an interesting
phenomenon in that, whereas the other drugs, norfenflura-sponding on both drug levers but no responding on the saline-

trained lever (14). mine and LSD, have clear and linear dose-effect discriminative
responses along the amphetamine-norfenfluramine contin-The dose-response relationships of the training drug

d-amphetamine, as well as the discriminative performance to uum, there are, at least, three doses of MDMA, 0.25, 0.5 and
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1.0 mg/kg, each producing a percent amphetamine discrimina- model, using drugs of different purported mechanisms of ac-
tion, may also allow for definitive information regarding gener-tion that would indicate approximately 50% discrimination;

as much as if the animal had been given the combination of alization to novel drugs. This is especially true when a seroton-
ergic vs. a dopaminergic drug is trained such as in the presentnorfenfluramine and amphetamine. MDMA administration

produced a situation that allowed for approximately equiva- experimentation, to allow for the animal’s (“detection”) be-
havior to ascertain the putative neurotransmitter mediationlent responding on one lever corresponding to responses

linked to amphetamine with an equal number of responses of the quantitative and qualitative effects of the drugs tested
for their interoceptive cueing properties. This is especiallyupon the lever linked to norfenfluramine; this has been shown

to occur when chlorphentermine is administered to rats important in that some drugs of abuse, such as MDMA (36)
and cocaine, as well as its congeners (4), may affect bothtrained to discriminate between amphetamine and fenflura-

mine (48). Thus, both drug stimuli complexes apparently were serotonergic and dopaminergic neurons in the central ner-
vous system.equally attended to by the animals after these three doses of

MDMA. This would support the suggestion that low doses of
ACKNOWLEDGEMENTSMDMA are more dopaminergic, whereas higher doses are

more serotonergic, with intermediate doses producing both The author would like to express his continued appreciation to
effects (36). Denise McBurney for her technical expertise, to Sheila Formick and
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