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EVANS, S. M., J. P. ZACNY AND C. E. JOHANSON. Three-choice discrimination among ( + )-amphetamine, fenfluramine and 
saline in pigeons. PHARMACOL BIOCHEM BEHAV 35(4) 971-980, 1990.--Five pigeons were trained to discriminate among 
(+)-amphetamine (AMPH; 1.7 or 3.0 mg/kg), fenfluramine (FEN; 5.6 or 10 mg/kg), and saline using a three-choice drug 
discrimination procedure. The results of the study demonstrated that a reliable discrimination between AMPH and FEN could be 
obtained and the discriminative stimulus (DS) effects of these two drugs did not overlap, i.e., were mutually exclusive. Phenmetrazine 
produced a dose-related increase in AMPH-appropriate responding with no responding occurring on the FEN-appropriate key. Two 
serotonin agonists, quipazine (5-HT 2) and MK 212 (5-HTt), produced FEN-appropriate responding in two of three pigeons, while a 
third pigeon responded predominantly on the AMPH-appropriate key following their administration. In contrast, phencyclidine 
produced predominantly (greater than 50%) saline-appropriate responding, indicating that the DS effect of phencyclidine was unlike 
either AMPH or FEN. Finally, compounds known to have multiple DS properties such as MDA and MDMA were tested. The results 
with these compounds confirmed that these drugs have complex DS effects both within and across individual pigeons. 

Drug discrimination Pigeons ( + )-Amphetamine Fenfluramine MDA MDMA 

AMPHETAMINE (AMPH) and fenfluramine (FEN) are similar 
structurally and both are used therapeutically as anorectics. How- 
ever, they have different profiles of neurochemical and behavioral 
effects. Neurochemically, the effects of AMPH are mediated 
predominantly by the release of catecholamines (CA), particularly 
dopamine (DA) (14,25); in contrast, the effects of FEN are 
mediated by the release of serotonin (5-HT) (8,21). Although both 
compounds decrease food intake there are differences in their 
behavioral effects in other paradigms. For instance, AMPH is 
self-administered by rhesus monkeys ( 1 ) and humans (22), whereas 
FEN is not self-administered by either species (23,41). In addi- 
tion, AMPH increases locomotor activity in rats (4) and produces 
stimulant-like subjective effects in humans (3); FEN has sedative 
properties in rats (42) and has a profile of subjective effects in 
humans that is not stimulant-like (3, 15, 19). 

In two-choice drug discrimination studies, results with these 
compounds have been inconsistent. In some studies, AMPH and 
FEN have been found to be dissimilar (9, 27, 31, 34), while other 
studies have shown an overlap in the DS properties of AMPH and 
FEN (3, 7, 16). For instance, in rats trained to discriminate 3.0 

mg/kg FEN from saline, 0.25 mg/kg AMPH substituted for FEN 
in 3 of 7 rats (16). In a previous study using pigeons, FEN 
substituted for AMPH in 2 of 4 pigeons, and produced partial 
substitution in another pigeon (7). In addition, in humans trained 
to discriminate AMPH from placebo, 40 mg FEN produced 
AMPH-appropriate responding as well as AMPH-Iike subjective 
effects in 50% of the participants (3). Thus, it appears that AMPH 
and FEN have some effects in common but are not identical as DS. 

Three-choice drug discrimination procedures have been used 
with drugs that could not be differentiated when two-choice drug 
discrimination procedures were used. For instance, in two-choice 
drug discrimination studies, partial substitution was observed 
between the mixed opiate agonist-antagonist cyclazocine and the 
opiate agonist morphine in rats trained to discriminate either 
cyclazocine or morphine from saline (32,33). On the other hand, 
in animals trained in a three-choice drug discrimination procedure 
between cyclazocine, morphine and saline, there was no partial 
substitution and animals responded exclusively on the drug- 
appropriate lever across a wide range of doses of both compounds. 
Furthermore, the mixed agonist-antagonist levallorphan, which 
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partially substituted lor both morphine and cyclazocine in rats 
trained to discriminate either of these drugs from saline (32,33). 
produced exclusively cyclazocine-appropriate responding in the 
three-choice procedure with no indication of morphine-like effects 
(38). Thus, the use of a three-choice drug discrimination proce- 
dure appears to have resulted in a more selective discrimination 
which may be advantageous when compounds with multiple 
actions are evaluated. 

The present stud}' was designed to utilize a three-choice drug 
discrimination procedure in pigeons to differentiate between the 
DS properties of AMPH and FEN which have not been clearly 
differentiated under two-choice conditions. The first goal was to 
establish a reliable discrimination among AMPH, FEN and saline. 
Once established, drugs previously shown to substitute for either 
AMPH or FEN in standard two-choice drug discrimination para- 
digms were evaluated with the expectation that similar results 
would be generated in a three-choice drug discrimination para- 
digm, thus confirming the reliability of the paradigm. To further 
evaluate the pharmacological specificity of the discrimination, 
phencyclidine (PCP), a drug pharmacologically unrelated to either 
AMPH or FEN, was also tested. 

Another purpose of training a three-choice discrimination was 
to test compounds that may affect multiple CNS systems. In 
two-choice drug discrimination paradigms, (_+ I-3,4-methylene- 
dioxyamphetamine (MDA) has been shown to have both stimu- 
lant-like and hallucinogen-like DS properties (11,20). In particular, 
MDA has been shown to substitute for AMPH in rhesus monkeys 
(24), rats (11) and pigeons (6). However. MDA also has been 
shown to substitute for the hallucinogen, DOM (12) and recent 
data suggest that the DS effects of DOM are mediated by serotonin 
at 5-HT 2 receptors (10). The isomers of MDA have been shown in 
two-choice drug discrimination studies to have different profiles of 
activity, i.e., ( - I-MDA substituted for the hallucinogen DOM and 
(+ ) -MDA did not (13). In contrast, (+ ) -MDA substituted for 
AMPH but ( - ) - M D A  did not ( I l L  

The structural analog of MDA, (--+)-3,4-methylenedioxy- 
methamphetamine (MDMA), is reported to produce more stimu- 
lant-like properties than MDA. As with MDA, in two-choice drug 
discrimination studies MDMA produced AMPH-like responding 
(6, 11, 24) and also substituted for drug in animals trained using 
MDA (111, but failed to substitute for DOM (13). However, other 
studies have demonstrated that MDMA has multiple actions. 
MDMA substituted completely for the indirect DA agonist ( - ) -  
cathinone and also substituted for two serotonergic compounds, 
namely, FEN and tetrahydro-13-carboline (29). Furthermore, there 
is evidence that MDMA binds to 5-HT receptors with an affinity 
similar to that of MDA (26~. Taken together, the results of these 
studies suggest that both MDA and MDMA have dopaminergic as 
well as serotonergic properties. 

In summary, the present study was designed to establish a 
discrimination between two anorectics (AMPH and FEN) that 
share DS properties to a partial extent. In addition, this experiment 
was designed to determine whether the acquired discrimination 
was at least as selective as respective two-choice drug discrimi- 
nation procedures. This was assessed by testing drugs such as 
phenmetrazine, quipazine, MK 212 and PCP that have been shown 
to substitute for AMPH, FEN or saline in two-choice drug 
discrimination studies. Finally, compounds that affect multiple 
CNS systems (e.g., MDA and MDMA) were tested in order to 
deternfine whether this procedure can be used to evaluate the 
relative contribution of different neurochemical mechanisms to the 
DS properties of mixed action drugs. 

METHOD 

Animals 

The animals used in this study were five female White 

Carneaux pigeons. At the beginning of the experinaent the pigeons 
were 3 years old and experimentally naive. The pigeons were 
maintained at 80% of their free-feeding weights and housed 
individually with water and grit freely available. Purina Pigeon 
Checkers were provided after the session to maintain reduced 
weights. 

Apparatus 

The experiment was conducted in one ventilated custom-made 
operant chamber (inside dimensions 32 × 28 × 32 cm). The front 
and back panels were aluminum and the side walls were transpar- 
ent plastic. The chamber was equipped with three translucent 
response keys (2.5 cm diameter: G6315, Ralph Gerbrands Co., 
Arlington, MA) which were transilluminated during the experi- 
mental session by white 7-W lamps (IEE. Van Nuys, CA) located 
behind the keys. The keys were 5 cm apart and located approxi- 
mately 24 cm above the floor of the chamber. Purina Pigeon 
Checkers were made available from a food magazine (G5610A, 
Ralph Gerbrands Co., Arlington, MA) centered between and 
below the response keys, 7.6 cm above the floor. This food 
magazine was illuminated during food delivery. A 6-W white 
houselight, located behind the back panel, provided indirect 
illumination during experimental sessions. Programming and data 
collection were accomplished using a Rockwell AIM 65 micro- 
computer and cumulative recorders (Ralph Gerbrands Co., Arling- 
ton, MA) which were located in an adjacent room. 

Training 

Initial key peck training consisted of shaping the response until 
it met the requirements of a fixed-ratio 30 (FR 30) for fi~od 
reinforcement on all three keys. This was accomplished by making 
only one key available during a session while the other two were 
covered: the operative key changed daily. Once responding under 
the FR schedule was established on the 3 keys. IM injections of 
AMPH. FEN or saline were administered in a 1.0 ml/kg volume 
10 min before the session in the following sequence (AMPH, 
FEN, SAL, SAL, AMPH, FEN, FEN, SAL, AMPH, AMPH. 
SAL, FEN. etc.). Following the 10-rain pretreatment period, the 
experimental session began, signalled by the illumination of the 
injection-appropriate key and the houselight. Thirty consecutive 
responses on the injection-appropriate key resulted in 3-sec access 
to food. Each session lasted until 50 reinforcers had been delivered 
or until 30 minutes had elapsed, whichever occurred first. 

In order to associate each drug condition with a particular key, 
each drug condition initially was presented with only one key 
illuminated and the other two keys covered. When all training 
stimuli had been presented under these conditions for several 
sessions, two keys were then available during each session but a 
reinlbrcer was delivered only for responding on the injection- 
appropriate key. The second (incorrect) key alternated such that 
for each AMPH training session, the saline key was the alternative 
50% of the time and the FEN key the other 50%. The same 
alternate presentation of keys was instituted for saline and FEN 
training sessions. Responses on the incorrect key reset the FR 
requirement on the correct key. Once responding came under 
stimulus control under all 6 paired conditions, all three keys were 
illuminated simultaneously, again with only the injection-appro- 
priate key associated with reinforcement deliver ' .  This training 
procedure was modified slightly for pigeons 3125 and 3492. For 
these two pigeons, training was as described except that once all 
training stimuli had been presented for 30 to 45 sessions with only 
the injection-appropriate key available, then all three keys became 
available simultaneously. Thus, the phase of uncovering only two 
keys at a time was eliminated while the duration of the phase of 
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having only the injection-appropriate key available was increased. 
For all pigeons, the discrimination was established by presenting 
the same number of sessions with each stimulus condition in an 
effort to minimize the development of a key bias. The terminal 
training doses were 1.7 mg/kg AMPH and 5.6 mg/kg FEN for 
pigeons 4304 and 4704 and 3.0 mg/kg AMPH and 10 mg/kg FEN 
for pigeons 7216, 3125, and 3492. However, considerable training 
had been attempted with other doses of AMPH (1.0-3.0 mg/kg) 
and FEN (3.0-10 mg/kg) with 3 of the 5 pigeons (4304, 4704, and 
7216). Training with the terminal training doses continued until 
the percent of total responses during a session on the injection- 
appropriate key was above 90%. In addition, the number of 
responses emitted on the two incorrect keys was required to be less 
than 30 before the first reinforcer was received. These criteria had 
to be met for 7 out of 9 consecutive sessions and a further 
restriction was that the two noncriterion sessions not be under the 
same drug condition. 

Testing 

In order to assess the DS properties of other doses of the two 
training drugs, as well as evaluate additional compounds, test 
sessions were conducted. Throughout a test session, 30 consecu- 
tive responses on the AMPH-, FEN-, or saline-appropriate key 
resulted in food delivery. In all other respects, test sessions were 
identical to training sessions. Test sessions were scheduled to 
occur every fourth session (i.e . . . . .  AMPH, FEN, SAL, TEST, 
SAL . . . )  as long as responding during the three preceding 
training sessions (one under each condition) also met criteria. If an 
animal failed to meet the training criteria during a training session, 
the test was postponed until the animal met the 3-session criterion. 

Initially, dose-response functions for AMPH and FEN were 
established during test sessions. Subsequently, the effects of other 
drugs were determined in a similar manner. Each dose of a test 
compound was tested once and at least three doses, ranging from 
a dose that produced predominantly saline-appropriate responding 
to one that reduced response rate. were tested in a mixed order. 
For each pigeon, the dose-response function for each drug was 
completed before another compound was tested. After the com- 
pletion of each dose-response function, pigeons were given test 
sessions with one of the training drugs (AMPH, FEN, or SAL). 

Data Analysis 

The discrimination data are presented as the percentage of total 
responses made on each of the drug keys (AMPH and FEN) for 
individual pigeons. The percentage of saline-appropriate respond- 
ing is not shown, but is equal to the difference between 100% and 
the sum of AMPH- and FEN-appropriate responding. If no 
reinforcers were obtained during the test session, the data were not 
included in the analysis of drug-appropriate responding. In addi- 
tion to recording the distribution of responses, response rate 
(responses/sec) on all three keys was determined for each session. 

A test drug was considered to produce DS effects similar to 
those of AMPH if at least 80% of the total responses during the test 
session were emitted on the AMPH-appropriate key. Likewise. a 
drug was considered to produce DS effects similar to those of FEN 
if at least 80°k of the total responses were emitted on the 
FEN-appropriate key. Even if responding was greater than 80% on 
either drug key, testing of higher doses in subsequent sessions 
continued until response rate was substantially reduced (to at least 
50% of the rate for the training drugs) since for some compounds 
the DS properties might shift as a function of dose. 

Drugs 

The following drugs used in this experiment were gifts: 

( + )-amphetamine sulfate, ( -+- )-MDA HCI, ( + )-MDA HCI, ( - ) -  
MDA HC1, (-+-)-MDMA HC1, and phencyclidine HCI (National 
Institute on Drug Abuse), fenfluramine HCI (A. H. Robins Co., 
Richmond, VA), MK 212 HC1 (Merck Sharp and Dohme, West 
Point, PA), quipazine maleate (Miles Laboratories, Inc., Elkhart, 
IN) and phenmetrazine HC1 (Boehringer Ingelheim, LTD., Ridge- 
field, CT). All drugs were dissolved in physiological saline and 
the doses of these drugs are expressed in terms of the salt. 

RESULTS 

Control Performances 

Originally, training was attempted with 1.0 mg/kg AMPH and 
3.0 mg/kg FEN for pigeons 4304, 7216 and 4704. However, since 
even after several months the discrimination was not acquired, the 
training doses of AMPH and FEN were increased to 3.0 and 10 
mg/kg, respectively. For two pigeons (4304 and 4704). these 
doses suppressed responding; they were then trained at 1.7 mg/kg 
AMPH and 5.6 mg/kg FEN, the dosing regimens at which they 
acquired the discrimination. Pigeon 7216 continued to be trained 
to discriminate 3.0 mg/kg AMPH from 10 mg/kg FEN from 
saline, and eventually acquired the discrimination. The other two 
pigeons (3125 and 3492) were initially trained to discriminate 3.0 
mg/kg AMPH from 10 mg/kg FEN from saline, and no dose 
changes were required. Thus, for pigeons 4304 and 4704 the 
terminal training doses were 1.7 mg/kg AMPH and 5.6 mg/kg 
FEN, whereas 3.0 mg/kg AMPH and 10 mg/kg FEN were the 
terminal training doses for pigeons 7216, 3125 and 3492. Sessions 
to criteria, determined from the first day of the terminal training 
dose regimen with all three keys available, ranged between 32 and 
157 sessions (mean=83 sessions). Pigeons 3125 and 3492, that 
were trained with the higher doses of AMPH and FEN and 
required no modification in the training procedure, acquired the 
discrimination in 32 and 39 days, respectively. Pigeon 4304 failed 
to maintain DS control after the dose-response functions for 
AMPH and FEN were completed and was removed from the 
study. Pigeon 4704 died of a drug overdose near the end of the 
study and pigeon 3492 was added as a replacement. 

Table 1 shows the results of test sessions with the training 
drugs and saline for each pigeon throughout the study, the number 
of sessions to criteria and the final doses used for training each 
pigeon. During test sessions when saline was administered, no 
more than an average of 5% of the total responses were made on 
either the AMPH- or FEN-appropriate key for any pigeon. The 
training dose of AMPH (1.7 or 3.0 mg/kg) administered during 
test sessions reduced response rates from 65% to 73% of the saline 
rate. The training dose of FEN (5.6 or 10 mg/kg) administered 
during test sessions reduced response rates similar to the rate 
reduction observed with the training dose of AMPH. In summary, 
saline rates were higher than either FEN or AMPH rates and the 
rates following AMPH and FEN were similar for all pigeons. 

The dose-response functions for AMPH are shown in Fig. 1 
(top panels) as the percent of total responses on each of the two 
drug keys for individual pigeons. AMPH (0.3-5.6 mg/kg) pro- 
duced a dose-related increase in the percentage of responses 
emitted on the AMPH-appropriate key. At any dose of AMPH 
tested, less than 3% of the total responses were made on the 
FEN-appropriate key by any pigeon. Four of five pigeons re- 
sponded predominantly on the AMPH-appropriate key only at 
their respective training dose or a higher dose, i.e., low doses of 
AMPH produced predominantly saline-appropriate responding. 
AMPH also produced a dose-related decrease in response rate 
(Fig. 1, lower panels). 

FEN (1.0-17 mg/kg) produced a dose-related increase in the 
percentage of responses emitted on the FEN-appropriate key (Fig. 
2, upper panels). As with AMPH, at all doses of FEN tested, 
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T A B L E  1 

TRAINING DOSE TEST SESSIONS FOR INDIVIDUAL PIGEONS 

Test Sessions with Training Drugs~ + 
Drug Dose 

Pigeon STC* (mg/kg; IM) N+ %FEN %SAL %AMPH Rate§ 

4304 157 FEN 5.6 1 98 1 1 1.46 

SAL 1 0 100 0 2.29 
AMPH 1.7 1 0 1) 100 1.32 

4704 115 FEN 5.6 3 9g ( I ) 2 ( l ) 0 1.44 (0.09) 

SAL 4 1 (1) 94 (6) 5 (5) 1.95 (0.13) 

AMPH 1.7 4 0 0 100 1.5g (0.171 

3125 32 FEN 10.0 3 100 0 0 1.71 (0.31) 

SAL 3 0 l(X) (I 2.74 (0.02) 
AMPH 3.0 3 0 0 100 1.60 (0.18) 

3492 39 FEN 10.0 1 99 0 I 1.31) 

SAL 3 1 98 (1) I 2.31 (0.03) 
AMPH 3.0 2 0 0 100 1.31 (0.03) 

7216 72 FEN 10.0 4 99 (0.7) 0 1 (0.9) 1.85 (0.11) 

SAL 4 0 It30 0 2.69 (0. I I ) 

AMPH 3.0 4 1 (0.6) 0 99 ((I.6) 1.78 (0.07) 

*STC = Sessions to criterion lbr acquiring the discrimination. 
-Number of test sessions with the training drugs throughout the study. 
-Mean percentage of responses on the three respective keys ( -+ 1 S.E.M. ). 
§Response rate is expressed as responds/second. 
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responding on the AMPH-appropriate key was low (less than 9%) 
with the exception of pigeon 3492 who responded 48% on the 
AMPH-appropriate key following 3.0 mg/kg FEN. In pigeon 
4704. even doses of FEN lower than the training dose (5.6 mg/kg) 
produced predominantly FEN-appropriate responding. For the 
other pigeons the dose-response function of FEN was very steep; 
only the training dose of FEN produced greater than 80% 
FEN-appropriate responding. There was a dose-related decrease in 
response rate (Fig. 2, lower panels). 

Phenmetrazine (1.0-30 mg/kg) produced a dose-related in- 
crease in AMPH-appropriate responding in all three pigeons tested 
(Fig. 3, upper panels). This drug did not produce any intermediate 
responding, i.e., responding occurred either exclusively on the 
AMPH-appropriate key or the saline-appropriate key at lower 
doses. Although there were differences in sensitivity across 
pigeons the doses of phenmetrazine that produced AMPH-appro- 
priate responding were not correlated with the training dose. 
Phenmetrazine also produced a dose-related decrease in response 
rate (Fig. 3, lower panels). 

Quipazine (0.1-5.6 mg/kgl, a 5-HT 2 agonist, was also tested in 
four pigeons (Fig. 4). In two pigeons (3125 and 4704), quipazine 
produced a dose-related increase in responding on the FEN- 
appropriate key. However, there was a 10-fold difference in 
sensitivity between these two pigeons. In contrast, quipazine 
produced a dose-related increase in AMPH-appropriate responding 
in pigeon 7216 but at the dose (5.6 mg/kg) that produced over 80% 
AMPH-appropriate responding response rate was reduced to 0.15 
responses/see. In the fourth pigeon (3492), 3.0 mg/kg quipazine 
produced 50% AMPH-appropriate responding. The dose of 5.6 
mg/kg completely suppressed responding so higher doses could 
not be tested. Thus. quipazine substituted reliably for FEN in 2 
pigeons, for AMPH in a third pigeon, and in the fourth pigeon no 
consistent choice emerged. In all pigeons tested, quipazine pro- 
duced a dose-related decrease in response rate (Fig. 4, lower 
panels). 

The results from the 5-HT. agonist, MK 212 (0.3-5.6 mg/kg), 
are shown for individual pigeons in Fig. 5. MK 212 produced 
predominantly FEN-appropriate responding for pigeons 3125 and 

7216. Responding on the AMPH-appropriate key did not exceed 
36% at any dose tested for these two pigeons. In contrast, in 
pigeon 3492, MK 212 produced a dose-related increase in AMPH- 
appropriate responding which reached a maximum of 88% at 3.0 
mg/kg. MK 212 produced a dose-related decrease in response rate. 
The testing of MK 212 could not be completed in pigeon 4704 
since this pigeon died following the administration of 5.6 mg/kg 
MK 212. However, when 3.0 mg/kg MK 212 was tested on this 
pigeon, only 8% of the total responses were on the FEN- 
appropriate key, while 54% of the responses were on the AMPH- 
appropriate key and this dose did not decrease response rate. 
Therefore. as with quipazine, MK 212 substituted for FEN in 2 of 
3 pigeons. 

Figure 6 shows the results of testing PCP (0.1-1.7 mg/kg). 
PCP produced predominantly (greater than 50%) saline-appro- 
priate responding at any dose tested in three pigeons. The highest 
doses tested completely suppressed responding (Fig. 6. lower 
panels). 

The discrimination results with MDA, (+)-MDA, ( - ) -MDA 
and MDMA are shown in Fig. 7. There were no consistent trends 
across or within pigeons with any of the 4 compounds. Instead, 
pigeons tended to respond on both drug keys, the proportion of 
which varied with dose. Based on responding at the highest doses, 
MDA produced greater than 80% FEN-appropriate responding in 
2 of 3 pigeons, whereas the third pigeon responded predominantly 
on the AMPH-appropriate key. As with MDA. (+) -MDA and 
( - ) -MDA produced responding on both drug keys. At the highest 
doses that did not completely suppress responding, (+) -MDA 
produced greater than 80% FEN-appropriate responding in 2 of 3 
pigeons and AMPH-responding in the third pigeon. In contrast, at 
the highest dose tested in each pigeon, ( - ) -MDA failed to produce 
greater than 70% responding on either the AMPH-appropriate or 
FEN-appropriate key. In contrast to MDA and ( + )-MDA, MDMA 
produced greater than 80% AMPH-appropriate responding in 2 of 
3 pigeons and the third pigeon responded predominantly on the 
FEN-appropriate key. Table 2 shows the response rate data for the 
drugs presented in Fig. 7. All of these drugs were tested up to 
doses that decreased response rate. 
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DISCUSSION 

This study demonstrates that a three-choice drug discrimination 
can be obtained among AMPH, FEN. and saline. Furthermore, 
there was no partial substitution between these two drugs, i.e., low 
doses of AMPH did not produce FEN-appropriate responding and 
the reverse was true for FEN. In addition, the training doses of 
AMPH and FEN reduced response rates to a similar degree. Taken 
together, these results indicate that the DS effects of these two 
drugs are mutually exclusive in a three-choice drug discrimination 
procedure. 

In contrast to the results of the present study, results from 
studies using two-choice drug discrimination paradigms have 
shown that AMPH and FEN have overlapping DS effects (3, 7, 
16). For instance, for pigeons trained to discriminate AMPH (2.0 
mg/kg) from saline, FEN substituted in two pigeons at doses of 3.0 
to 17 mg/kg and produced a maximum of 58% AMPH-appropriate 
responding at 10 mg/kg in a third pigeon. For the fourth pigeon, 
FEN failed to produce AMPH-appropriate responding up to a dose 
(10 mg/kg) that completely suppressed responding (7). 

Once a successful discrimination was obtained among AMPH, 
FEN and saline using a three-choice drug discrimination proce- 
dure, phenmetrazine, which is similar to AMPH in terms of its 
central stimulant properties as well as its biochemical mechanism 
of action (4), was evaluated. Not surprisingly, in two-choice drug 
discrimination procedures, this drug has been shown to substitute 
for AMPH in several species (3, 7, 9). Likewise, phenmetrazine 
produced a dose-related increase in AMPH-appropriate responding 

in the present study with no responding on the FEN-appropriate 
key. Furthermore, the doses that substituted completely were in 
the same dose range under both conditions. To our knowledge this 
is the only study in which phenmetrazine has been evaluated in 
either a three- or two-choice FEN discrimination. Nonetheless, 
these results with phenmetrazine indicate that a three-choice drug 
discrimination procedure is comparable to two-choice drug dis- 
crimination procedures. 

Quipazine and MK 212 (5-HT 2 and 5-HT~ agonists, respec- 
tively) were both evaluated with the assumption that they would 
produce predominantly FEN-appropriate DS effects. Both qui- 
pazine and MK 212 have been shown to substitute for FEN in rats 
(34). Furthermore, several studies have demonstrated that the DS 
properties of quipazine and MK 212 are serotonergically mediated 
(5, 35, 36, 39). Another study (40) compared serotonin binding 
(5-HT~ and 5-HT 2) in pigeon brain to results reported in rat brain 
(28.40). These binding results indicate that the pigeon has 5-HT~ 
and 5-HT 2 binding sites and that these binding sites are compara- 
ble to those in the rat. In the present study quipazine produced 
FEN-appropriate responding in 2 of  3 pigeons, while a third 
pigeon responded predominantly on the AMPH-appropriate key at 
the highest dose (5.6 mg/kg). However, there is some evidence 
that quipazine may interact with central DA receptors (17,18). 
Furthermore, in a study by Schechter and Concannon (30). 
quipazine (1.0 mg/kg) substituted for the DA agonist, apomor- 
phine, and the DS effects of quipazine were antagonized by the 
serotonin antagonist methysergide as well as the dopamine antag- 
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TABLE 2 

RESPONSE RATE* FOLLOWING MDA. (~-)-MDA, ( - )-MDA AND MDMA 

Pigeon 
Dose 

Drug (mg/kg; IM) 3215 4704 7216 

MDA 0.3 2.87 1.78 2.39 
1.0 2.06 1.49 2.08 
1.7 2.26 1.95 -- 
3.0 (I.02 1.72 2.03 
5.6 -- 0.00 0.81 

10.0 - - 0.07 

( + )-MDA 0.1 2.65 1.77 -- 
0.3 2.53 1.68 -- 
1.0 1.71 1.76 2.38 
1.7 1.79 1.78 2.32 
3.0 0.10 1.47 1.59 
5.6 -- 0.00 0.49 

( - )-MDA 0.1 -- 1.46 -- 
0.3 2.52 1.39 2.61 
1.0 1.88 1.34 1.74 

1.7 1.50 0.81 1.61 
3.0 0.45 0.27 0.83 
5.6 -- -- 0.00 

MDMA 0.1 -- 1.90 -- 
0.3 2.59 1.93 -- 
1.0 2.40 1.98 2.37 
1.7 -- 1.52 2.14 
3.0 1.91 1.58 1.74 
5.6 1.68 1.18 1.88 

10.0 - -  1.03 0 .00  

*Response rate is expressed as responses/second. 

onist haloperidol, in view of this evidence, it is not necessarily 
surprising that for animals trained to discriminate between an 
indirect DA agonist (AMPH) and an indirect serotonin agonist 
(FEN), some responding would occur on the AMPH-appropriate 
key when tested with quipazine. The other 5-HT agonist, MK 212, 
produced predominantly FEN-appropriate responding in two pi- 
geons tested, confirming previous results in a drug vs. nondrug 
discrimination in rats (34). However, in a third pigeon, MK 212 
produced predominantly AMPH-appropriate responding. While 
AMPH has not been evaluated in a two-choice MK 212 vs. saline 
discrimination, the DA agonist, apomorphine, was tested and it 
produced an average of 46% MK 212-appropriate responding (5). 
This suggests that MK 212, like quipazine, may have some DA 
actions. 

in drug discrimination paradigms, some drugs are tested which 
are known to be pharmacologically unrelated to the training drug 
in order to confirm the pharmacological specificity of the discrim- 
ination. Evidence of such pharmacological specificity is the 
demonstration that these drugs produce saline-appropriate re- 
sponding. Such specificity has been demonstrated previously in 
three-choice drug discrimination procedures (37,38). In pigeons 
trained to discriminate AMPH in a two-choice procedure (7), PCP 
failed to produce greater than 17% AMPH-appropriate responding 
with the exception of one pigeon that responded 43% on the 
AMPH-appropriate key at 1.0 mg/kg. Likewise, in the present 
study, PCP produced predominantly (greater than 50%) saline- 
appropriate responding at every dose tested in three pigeons, 
indicating that the DS effects of PCP were unlike either AMPH or 
FEN. Furthermore, in both studies, PCP was tested across a 

similar dose range (0.1-1.0 or 3.0 mg/kg) and the highest dose(sl 
produced similar rate decreases. 

A potential advantage of three-choice drug discriminations is in 
the investigation of the DS properties of compounds with multiple 
neurochemical effects. For instance, MDA at doses between 1.0 
and 5.6 mg/kg has been shown to substitute for both AMPH (6, 
12, 24) and DOM (12) in two-choice drug discriminations indi- 
cating that this drug has both catecholaminergic and serotonergic 
effects. In the present study, MDA across a similar dose range also 
produced both AMPH-Iike and FEN-like DS effects again dem- 
onstrating that multiple neurochemical systems are involved in its 
DS effects. MDMA has also been shown to have multiple DS 
effects in two-choice drug discrimination procedures. For in- 
stance, in most studies, MDMA has been shown to substitute for 
AMPH (6, 11, 24), but Schechter (29) also demonstrated that 
MDMA substituted for FEN. Likewise. MDMA produced both 
AMPH- and FEN-appropriate responding in the present study. 
These results suggest that drugs which show evidence of multiple 
DS properties in two-choice drug discrimination procedures also 
show complex DS effects in a three-choice drug discrimination 
procedure. But unlike two-choice drug discrimination studies, 
evidence of multiple actions in the present study was obtained 
simultaneously. Consequently, the influence of potentially con- 
founding variables such as different animals, different training 
histories, and different experimental procedures can be ruled out in 
the present study. Thus, it is possible to conclude that drug 
discrimination studies clearly support neurochemical evidence 
suggesting that MDA and MDMA have effects on both the 
catecholaminergic and serotonergic systems. 

The utility of the present three-choice procedure is less clear in 
regards to the isomers of MDA. Results from two-choice drug 
discrimination studies indicate that ( + ) - M D A  has DS properties 
similar to AMPH (11) but not to the hallucinogen DOM, which 
appears to be serotonergically mediated (13). These results were 
not completely confirmed in the present study. ( + ) - M D A  did 
produce AMPH-appropriate responding in 2 of 3 pigeons but, in 
one of these pigeons, responding shifted from the AMPH-appro- 
priate key at lower doses to the FEN-appropriate key at higher 
doses. In addition, predominantly FEN-appropriate responding 
occurred in a third pigeon. In contrast, ( - ) - M D A  has been shown 
to substitute for DOM (13), mescaline and LSD (2) but not for 
AMPH (I 1) in two-choice drug discrimination procedures, but in 
the present study ( - ) - M D A  produced responding on both drug 
keys in all three pigeons. However, given the small number of 
animals tested in the present study, the implications of these 
inconsistent findings cannot be determined in the absence of more 
extensive evaluations. 

In summary, the results of the present study demonstrate that a 
mutually exclusive discrimination can be obtained between AMPH 
and FEN in a three-choice drug discrimination procedure. In 
general, drugs similar in terms of their behavioral effects and/or 
neurochemical mechanisms of action to either AMPH or FEN 
produced a DS profile similar to that obtained in two-choice drug 
discrimination procedures. The failure of PCP and lower doses of 
the test compounds to substitute for either AMPH or FEN provides 
evidence of the pharmacological specificity and sensitivity of the 
discrimination. Finally, the finding that MDA and MDMA which 
have effects on both catecholamine and serotonin receptor systems 
substitute for both AMPH and FEN in different pigeons as well as 
in the same pigeon strongly suggest that both actions contribute to 
their DS simultaneously, an interpretation that is not possible 
when two-choice drug discrimination procedures are used. How- 
ever, the mixed results with the isomers of MDA indicate the need 
for additional studies designed to elucidate the relative contribu- 
tion of different neurochemical systems in the DS effects of these 
drugs. 



980 E V A N S ,  Z A C N Y  A N D  J O H A N S O N  

REFERENCES 

1. Balster, R. L.; Schuster, C. R. A comparison of d-amphetamine, 
/-amphetamine, and methamphetamine self-administration in rhesus 
monkeys. Pharmacol. Biochem. Behav. 1:67-71; 1973. 

2. Callahan. P. M.; Appel, J. B. Differences in the stimulus properties of 
3,4-methylenedioxyamphetamine and 3,4-methylenedioxymeth- 
amphetamine in animals trained to discriminate hallucinogens from 
saline. J. Pharmacol. Exp. Ther. 246:866-870: 1988. 

3. Chait, L. D.: Uhlenhuth, E. H.; Johanson, C. E. The discriminative 
stimulus and subjective effects of d-amphetamine, phenmetrazine and 
fenfluramine in humans. Psychopharmacology (Berlin) 89:301-306: 
1986. 

4. Cox, R. H.; Maickel, R. P. Comparison of anorexigenic and behav- 
ioral potency of some phenethylamines. J. Pharmacol. Exp. Ther. 
181:1-9; 1972. 

5. Cunningham, K. A.; Callahan, P. M.; Appel, J. B. Discriminative 
stimulus properties of the serotonin agonist MK 212. Psychopharma- 
cology (Berlin) 90:193-197; 1986. 

6. Evans, S. M.; Johanson. C. E. Discriminative stimulus properties of 
MDMA and MDA in pigeons. Drug Alcohol Depend. 18:159-164: 
1986. 

7. Evans, S. M.; Johanson, C. E. Amphetamine-like effects of anorec- 
tics and related compounds in pigeons. J. Pharmacol. Exp. Ther. 
241:817-825; 1987. 

8. Garattini, S.: Borroni, E.: Mennini, T.; Samanin. R. Differences and 
similarities among anorectic agents. In: Garattini, S.; Samanin, R., 
eds. Central mechanisms of anorectic drugs. New York: Raven Press; 
1981:127-143. 

9. Garza de la, R.; Johanson, C. E. The discriminative stimulus 
properties of intragastric d-amphetamine and pentobarbital in rhesus 
monkeys. J. Pharmacol. Exp. Ther. 243:955-962; 1987. 

10. Glennon, R. A.; Hauck, A. E. Mechanistic studies on DOM as a 
discriminative stimulus. Pharmacol. Biochem. Behav. 23:937-941: 
1985. 

11. Glennon, R. A.; Young, R. Further investigation of the discriminative 
stimulus properties of MDA. Pharmacol. Biochem. Behav. 20: 
501-505; 1984. 

12. Glennon, R. A.; Young, R. MDA: A psychoactive agent with dual 
stimulus effects. Life Sci. 34:379-383; 1984. 

13. Glennon, R. A.; Young, R.: Rosecrans, J. A.; Anderson, G. M. 
Discriminative stimulus properties of MDA analogs. Biol. Psychiatry 
17:807-814; 1982. 

14. Glowinski, L. Effects of amphetamine on various aspects of cate- 
cholamine metabolism in the central nervous system of the rat. In: 
Costa, E.: Garattini, S., eds. Amphetamines and related compounds. 
New York: Raven Press; 1970:301-316. 

15. Gotestam, K. G.: Gunne, L-M. Subjective effects of two anorexigenic 
agents fenfluramine and AN 448 in amphetamine-dependent subjects. 
Br. J. Addict. 67:39-44; 1972. 

16. Goudie, A. J. Discriminative stimulus propertics of fenfluramine in an 
operant task: An analysis of its cue function. Psychopharmacology 
(Berlinl 53:97-102; 1977. 

17. Grabowska, M.: Antkiewiez, 1.; Michaluk, J. A possible interaction 
of quipazine with central dopamine structures. J. Pharm. Pharmacol. 
26:74-76: 1974. 

18. Green, A. R.; Youdim, M. B. H.; Grahame-Smith, D. G. Quipazine: 
Its effects on rat brain 5-hydroxytryptamine metabolism, monoamine 
oxidase activity and behavior. Neuropharmacology 15:173-179; 1976. 

19. Griffith, J. D.: Nutt, J. G.: Jasinski, D. R. A comparison of 
tenfluramine and amphetamine in man. Clin. Pharmacol. Ther. 
18:563-57(I; 1975. 

20. Hardman, H. F.; Haavik, C. O.: Seevers, M. H. Relationship of the 
structure of mescaline and seven analogs to toxicity and behavior in 
five species of laboratory animals. Toxicol. Appl. Pharmacol. 25: 
299-309; 1973. 

21. Jespersen, S.: Scheel-Kruger, J. Evidence for a difference in mecha- 

nism of action between fenfluramine and amphetamine induced 
anorexia. J. Pharm. Pharmacol. 25:49-54: 1973. 

22. Johanson. C. E.; Uhlenhuth, E. H. Drug preference and mocxt in 
humans: d-Amphetamine. Psychopharmacolog? (Berlin) 71:275-279: 
1980. 

23. Johanson, C. E.: Uhlenhuth. E. H. Drug preferences in humans. Fed. 
Proc. 41:228-233:1982. 

24. Kamien, J. B.; Johanson, C. E.: Schuster, C. R.; Woolverton, W. L. 
The effects of ( = )-methy[enedioxymethamphetamine and ( ± )-meth- 
ylenedioxyamphetamine in monkeys trained to discriminate (-~ I- 
amphetamine from saline. Drug Alcohol Depend. 18:139-147: 1986. 

25. Leibowitz. S. F. [dentil]cation ofcatecholamine receptor mechanisms 
in the perifornical lateral hypothalamus and their role in mediating 
amphetamine and /-DOPA anorexia. In: Garattini, S.: Samanin, R ,  
eds. Central mechanisms of anorectic drugs. New York: Raven Press: 
1978:39-82. 

26. Lyon, R. A.; Glennon, R. A.: Titeler, M. 3,4-Methyl- 
enedioxymethamphetamine (MDMAk Stereoselecti',e interactions at 
brain 5-HT~, and 5-HT 2 receptors. Psychopharmacology (Berlinl 
88:525-526; 1986. 

27. McKenna, M. L.: 11o, B. T. The role of dopamine in the discrimi- 
native stimulus properties of cocaine. Neuropharmacology 19:297- 
303: 1980. 

28. Mallat, M.: Hamon, M. Ca z " -guanine nucleotide interactions in brain 
membranes. I. Modulation of central 5-hydroxytr?ptamine receptors 
in the rat. J. Neurochem. 38:151-161: 1982. 

29. Schechter, M. D. Discriminative profile of MDMA. Pharmacol. 
Biochem. Behav. 24:1533-1537: 1986. 

30. Schechter. M. D.: Concannon, J. T. Dopaminergic mediation of 
quipazine. Pharmacol. Biochem Behav. 17:393-397: 1982. 

31. Schechter, M. D.; Rosecrans, J. A. d-Amphetamine as a discrimina- 
live cue: Drugs with similar stimulus properties. Eur. J. Pharmacol. 
21:212-216; 1973. 

32. Shannon, t1. E.: Holtzman, S. G. Evaluation of the discriminati,,e 
effects of morphine in the rat. J. Pharmacol. Exp. Ther. 198:54~5: 
1976. 

33. Teal, J. J.; Holtzman, S. G. Discriminative stimulus effects of 
cyclazocine in the rat. J. Pharmacol. Exp. Ther. 212:368-376; 1980. 

34. White, F. C.: Appel, J. B. A neuropharmacological analysis of the 
discriminative stimulus properties of fenfluramine. Psychopharmacol- 
ogy (Berlin) 73:110-115; 1981. 

35. White, F. J.; Kuhn, D. M.; Appel, J. B. Discriminative stimulus 
properties of quipazine. Neuropharmacology 16:827-832: 1977. 

36. White. F. J.: Appel, J. B.: Kuhn. D. M. Discriminative stimulus 
properties of quipazine: Direct serotonergic mediation. Neuropharma- 
cology 18:143-151: 1979. 

37. White. J. M.; ltoltzman, S. G. Three-choice drug discrimination in 
the rat: Morphine, cyclazocine and saline. J. Pharmacol. Exp. Ther. 

.2, 3, ";.. _ 17._54-_6_, 1981. 
38. White. J. M.: Holtzman, S. G. Further characterization of the 

three-choice morphine, cyclazocine and saline discrimination para- 
digm: Opioids with agonist and antagonist properties..I. Pharmacol. 
Exp. Ther. 224:95-99: 1983. 

39. Winter. J. C. Quipazine-induced stimulus control in the rat. Ps)cho- 
pharmacology (Berlin) 60:265-.-269: 1979. 

40. Witkin, J. M.; Mansbach, R. S.: Barrett, J. E.: Bolger, G. r . :  
Skolnick. P.: Weissman, B. Behavioral studies with anxiol)`'tic drugs. 
IV. Serotonergic invoIvement in the effects of buspirone on punished 
behavior of pigeons. J. Pharmacol. Exp. Ther. 243:970-977: 1987. 

41. Woods. J. H.: Tessel, R. E. Fenfluramine: Amphetamine congener 
that fails to maintain drug-taking behavior in the rhesus monkey. 
Science 185:1067-1069; 1974. 

42. Ziance, R. L.; Sipes, I. G.; Kinnard. W. J.: Buckle),, J. P. Central 
nervous system effects of li~nfluramine hydrtx:hloride. J. Pharmacol. 
Exp. Ther. 180:110-117: 1972. 


