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YBEMA, C. E., J. L. SLANGEN AND B. OLIVIER. Discriminative stimulus effect of flesinoxan: Effects of $-HT~A 
antagonists and PCPA. PHARMACOL BIOCHEM BEHAV 47(4) 957-962, 1994.-Rats were trained to discriminate 0.3 
mg/kg (IP) flesinoxan from saline in a standard two-lever operant procedure and thereafter subjected to generalization and 
antagonism tests with the 5-HTIA receptor agonist ipsapirone and the/~-adrenergic/5-HTm receptor antagonist pindolol. 
Ipsapirone (3.0 mg/kg) completely substituted for flesinoxan. Both the flesinoxan (0.3 mg/kg) and the ipsapirone cue (3.0 
mg/kg) were dose-dependently blocked by (+)-pindolol. In a second group of rats, trained to discriminate 0.5 mg/kg (IP) of 
flesinoxan from saline, the putative 5-HT~A antagonist NAN-190 (in the dose range of 1.0 to 6.0 mg/kg) partially blocked the 
cue of flesinoxan. Generalization studies revealed that the flesinoxan cue could not be mimicked by NAN-190 (3.0 mg/kg). 
Finally, rats were pretreated with the 5-HT depletor parachlorophenylalanine (PCPA) and thereafter tested with the flesinoxan 
training dose (0.5 mg/kg). PCPA pretreatment did not significantly attenuate the recognition of the flesinoxan cue. The 
present results are in agreement with previous findings concerning the stimulus effect of flesinoxan and point to a mechanism 
that involves the activation of 5-HT~^ receptors in the brain. Depletion of 5-HT did not significantly affect the stimulus 
effect of flesinoxan, suggesting that presynaptic 5-HT~A receptors do not play a crucial role in the mechanism underlying the 
stimulus effect of flesinoxan. 

Flesinoxan Ipsapirone Pindolol NAN-190 PCPA Rats 

THERE is convincing evidence that multiple 5-HT receptors 
exist in the mammalian brain, that is, the 5-HTIA, 5-HTID, 
5-HT2, 5-HT 3, and 5-HT4 receptor subfamilies (2,15,22). Vari- 
ous subfamilies may consist of  subtypes; for example, 5-HTm 
and 5-HT~D receptors are subtypes of  the 5-HT~D subfamily, 
whereas 5-HT~c and 5-HT2 receptors are subtypes of  the 5- 
HTz subfamily (22). The 5-HTmA site is most thoroughly char- 
acterized (4), due to the existence of  a number of  selective 
ligands [e.g., the full agonist 8-OH-DPAT (Middlemiss and 
Fozard, 1983) and the partial agonists buspirone and ipsapi- 
rune (5,14)]. More recently, a novel, highly selective 5-HT~A 
agonist was developed, the pheuyl piperazine derivative flesi- 
noxau. This drug, which has antihypertensive properties as 
well as an anxiolytic and antidepressant profile in animals, is 
among the most specific 5-HTIA ligands presently available 
(3,18). Neurochemical and behavioural studies have indicated 
that flesiuoxan, similar to 8-OH-DPAT, acts as a full agonist 
at 5-HT~^ receptors (18). 

Recent drug discrimination studies have demonstrated that 
the discriminative stimulus effect of  flesinoxan is probably 
mediated via 5-HT~A receptors. Thus, cross-generalization was 
found between the cues of  flesinoxan and 8-OH-DPAT in 
rats. Furthermore, the flesinoxan cue nearly completely gener- 
alized to the stimulus produced by the somewhat less selective 
5-HT~A agonist buspirone (23), and in buspirone-trained rats 
the buspirone cue generalized to the flesinoxan cue (17). In 
pigeons trained to discriminate buspirone from saline, flesi- 
noxan completely mimicked the cue of  buspirone (1). The 
flesinoxan cue did not generalize to the cues of  compounds 
having less affinity and less selectivity for 5-HTIA receptors 
(24,25). 

The present study was performed to explore further the 
significance of  5-HTIA receptors for the discriminative stimu- 
lus properties of  flesinoxan. Using two groups of  flesinoxan- 
trained rats (training dose: 0.3 and 0.5 mg/kg,  IP), it was 
attempted to block the stimulus effect of  flesinoxan with the 
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/~-adrenoceptor/5-HT~A/la receptor antagonist pindolol and 
with the recently introduced 5-HT~A receptor antagonist NAN- 
190 (6-8). Finally, it was investigated whether 5-HT depletion 
with parachlorophenylalanine (PCPA) could block the flesi- 
noxan stimulus. Disappearance of  the flesinoxan cue after 
PCPA treatment would point to the involvement of  5-HTIA 
autoreceptors. 

METHOD 

Animals 

Male Wistar rats, weighing approximately 200 g at arrival, 
were obtained from CPB-TNO (Zeist, The Netherlands). They 
were individually housed under a nonreversed 12 L : 12 D cy- 
cle and a room temperature of  20-22°C. Tap water was freely 
available. Subjects were maintained at approximately 85% of  
their expected free-feeding weight by providing them with a 
diet of 13 g food (Hope Farms) 1 h after each daily session. 
Food was freely available from Friday afternoon until Sunday 
morning. 

Apparatus 

Seven ventilated operant chambers (Campden) equipped 
with two levers and housed in sound-insulated boxes were 
used. A pellet dispenser delivered 45-mg pellets (Noyes) in a 
tray placed between the levers. A Digital Equipment Corpora- 
tion PDP-11 microcomputer with software (SKED) supplied 
by State Systems Incorporated (Kalamazoo, MI) programmed 
session events and recorded data. 

Training Procedure 

After initial lever press training, the rats were trained to 
lever press according to a fixed ratio 10 (FR 10) schedule of  
reinforcement. Thereafter, the rats were trained to discrimi- 
nate either 0.3 mg/kg (Experiment l ,  n = 13), or 0.5 mg/kg 
(Experiment 2, n = 13) of flesinoxan from the vehicle saline 
(0.9070 NaCl). Depending on the injection condition, rein- 
forcement could be obtained by pressing either the drug- 
appropriate (DL) or the saline-appropriate lever (SL). The 
position of  the DL and the SL was counterbalanced across 
rats. Fifteen minutes before the daily session animals were 
injected with either drug (D), or saline (S) according to a 
two-weekly alternating schedule: (D-S-D-D-S, S-D-S-S-D). 
For half of  the animals the discrimination training started 
with the first half of  the sequence, for the other half training 
started with the second one. Drug-induced stimulus control 
was assumed to be present when the animal, in 10 consecutive 
sessions (five D and five S), accurately selected the appropriate 
lever. The lever on which the rat first emitted 10 responses 
was scored as the selected lever. Accurate lever selection was 
defined as the accumulation of  10 responses on the injection- 
appropriate lever with three or less responses on the inappro- 
priate lever (i.e., number of  responses made on both levers 
before the first reinforcement, between 10 and 13). Testing 
was started as soon as at least 10 animals had attained the 
criterion for drug-induced stimulus control, 

Testing Procedure 

Generalization and antagonism tests were carried out on 
Wednesdays and Fridays. On the remaining days the training 
procedure was continued. Throughout the test session, re- 
sponding on the selected lever was rewarded according to a 
FR 10 schedule. Both the training and test sessions ended 

after 15 min or sooner (i.e., when the animal had obtained 
50 reinforcements). Stimulus generalization was said to occur 
when at least 80% of the animals, after receiving a dose of 
the test compound, selected the drug-appropriate lever. The 
definition of  stimulus antagonism was that at least 80% of 
the animals selected the saline-appropriate lever after the com- 
bined administration of the antagonist and the training drug. 
The sequence in which different doses of  a test drug were 
given was counterbalanced across rats. The sequence in which 
drugs were tested was the same for all rats. The sequence of  
doses was randomized across rats. Each dose was tested in at 
least seven different animals and was, in most cases, adminis- 
tered to the animals once. All drugs were administered 15 rain 
before the test, except for the antagonists, which were injected 
1 h before the test (i.e., 45 min before the standard dose of  
either 0.3 or 0.5 mg/kg of  flesinoxan). 

PCPA Test 

Parachlorophenylalanine (PCPA, 150 mg/kg,  IP) treat- 
ment was administered after the training session on Tuesday 
and repeated on Wednesday. On Wednesday and Thursday 
the rats were not trained. On Friday and Saturday generaliza- 
tion tests were performed with flesinoxan (0.5 mg/kg,  IP, 
- 1 5 ' ) .  

Data Analysis 

Generalization test results are expressed as the percentage 
of  animals that selected the drug-appropriate lever (e70 DL 
selection). Antagonism test results are expressed as the per- 
centage SL selection (see the Results section) and as the per- 
centage DL selection (Tables 1 and 2). Response rates were 
analysed by means of  one-way ANOVA with one within factor 
(i.e., dose) having between two and seven levels. Only the data 
of rats that showed no missing values were used. If the overall 
effect was significant, planned comparisons with univariate 
F-tests were performed between the test and saline baseline 
conditions. For all effects a significance level of  5% was cho- 
sen. The dose-response functions of  flesinoxan and ipsapirone 
and the dose-response curves of  the antagonism studies with 
pindolol were converted to log-probit functions. According to 
the method of  Litchfield and Wilcoxon (10), EDs0 values, 
slopes, and goodness-of-fit were then estimated. 

Drugs 

Flesinoxan (Solvay-Duphar) and ipsapirone (TVX Q 7821; 
Troponwerke) were dissolved in 0.9°70 NaCI. (+)-Pindolol  
(Sigma Chemicals Cie) was dissolved in one equivalent of  0.01 
N acetic acid (HAc), brought up to volume with 0.9% NaCI. 
NAN-190 (RBI) and PCPA (Sigma) were suspended in gela- 
t in-mannitol (0.5% gelatin, 5% mannitol). All solutions were 
prepared fresh daily and administered via IP injection in a 
volume of 2 ml/kg. 

RESULTS 

In both groups, flesinoxan produced a dose-dependent dis- 
criminative stimulus effect. Learning to discriminate between 
0.3 mg/kg of  flesinoxan and saline took a mean (+  SEM) of 
45 :t: 5 training sessions; the discrimination training between 
0.5 mg/kg of flesinoxan and saline took a mean of  47 + 
7 sessions. Statistical analysis of  the log-probit functions of  
flesinoxan yielded the following values for EDs0, slope, and 
goodness-of-fit: 0.11 mg/kg,  2. l ,  and 91.2%, respectively, for 
the group trained to 0.3 mg/kg of  flesinoxan, and 0.20 rag/ 
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ks, 1.8, and 96.2% for the 0.5 mg/kg of  flesinoxan-trained 
rats. 

The results of  the generalization and antagonism tests using 
rats trained to 0.3 mg/kg of  flesinoxan are represented in 
Table 1. Ipsapirone (3.0 ms /ks )  completely substituted for 
flesinoxan. The EDso, slope, and goodness-of-fit of  the log- 
probit function of ipsapirone were 0.55 mg/kg,  1.5, and 
99.9%, respectively. Pindolol did not mimic the fiesinoxan 
cue, but dose-dependently blocked the flesinoxan cue as well 
as the cue produced by 3.0 m s / k s  of  ipsapirone. A maximum 
of  80% SL selection was found following the combination of  
12.8 rag/ks  of  pindolol and 0.5 mg/kg of  flesinoxan, and 
81.8% SL selection was found after the combination of  12.8 
mg/kg of  pindolol and 3.0 mg/kg of ipsapirone. The follow- 
ing values were found for ED~o, slope, and goodness-of-fit: 
1.10 mg/kg,  - 0.9, and 93.0%, respectively, for the log-probit 
function of  pindolol + fiesinoxan, and 2.44 rag/ks,  - 1.2, 
and 99.9% for the log-probit function of  pindolol + ipsapi- 
rone. 

Statistical analysis of  the response rates showed that in 
comparison with saline, responding was significantly de- 
creased after 1.0 mg/kg of  flesinoxan, F( I ,  6) = 6.3. Re- 
sponse rates were significantly lower than flesinoxan baseline 
after the combination of  either 3.2, 6.4, or 12.8 mg/kg of 
pindolol and 0.5 mg/kg of  flesinoxan IF(l,  13) = 9.7, F( I ,  
13) = 19.3, and F(1, 13) = 29.9, respectively]. Response 
rates were also significantly decreased after the combination 

tests with 6.4 and 12.8 mg/kg of  pindolni and 3.0 m s / k s  of  
ipsapirone [F(I, 13) = 4.9 and F ( l ,  13) = 17.6, respectively]. 

Table 2 summarizes the results of  the generalization and 
antagonism studies using rats trained to discriminate 0.5 m s /  
kg of  flesinoxan from saline. NAN-190 did not completely 
block the flesinoxan cue; that is, maximally 50%e SL selection 
was found after the combination of  1.0 mg/kg of  NAN-190 
and 0.5 mg/kg of  flesinoxan. In generalization studies, NAN- 
190 could not mimic the stimulus effect of  flesinoxan. In com- 
parison with saline, response rates were significantly reduced 
after 3.0 and 6.0 m s / k s  of  NAN-190 IF(l ,  6) = 5.9 and F( I ,  
6) = 166.3, respectively]. In the antagonism tests, response 
rates were significantly reduced after 3.0 and 6.0 mg/kg of  
NAN-190 [F(1, 9) = 11.1, F(1, 9) = 85.1, and F(I ,  9) = 
75.5, respectively], compared to the administration of  0.5 m s /  
kg of  flesinoxan alone. 

PCPA pretreatment did not significantly block the recogni- 
tion of  the cue induced by 0.5 m s / k s  of  flesinoxan; that is, 
after PCPA treatment, 0.5 m s / k s  of flesinoxan produced 
70%0 DL selection (Table 3). The mean response rate was not 
significantly different from flesinoxan baseline. 

DISCUSSION 

In the present study two groups of  rats were used, which 
were trained to discriminate a different dose (either 0.3 or 0.5 
ms /ks )  of  flesinoxan from saline. Animals in both groups 

TABLE 1 
RESULTS OF GENERALIZATION AND ANTAGONISM STUDIES USING RATS 

TRAINED TO DISCRIMINATE 0.3 rag/ks OF FLESINOXAN (IP) FROM SALINE 

Dose Percent Rats Resp/s~ 
Drug (ms/ks) N* Selectin8 DLT ( + SEM) 

Saline 13/13 7.7 1.17 (0.05) 
Flesinoxan 0.01 9/9 0 0.90 (0.18) 

0.05 13/13 38.5 1.16 (0.13) 
0.1 13/13 31.6 1.27 (0.11) 
0.2 11/11 57.1 1.35 (0.21) 
0.3 13/13 89.5 1.00 (0.12) 
1.0 10/13 86.7 0.28 (0.10)§ 

Ipsapirone 0.1 15/15 13.3 1.13 (0.09) 
0.3 15/15 33.3 1.19 (0.12) 
1.0 15/15 66.7 1.14 (0.13) 
3.0 15/15 86.7 1.05 (0.14) 

( + )-Pindolol 0.1 9/9 0 0.69 (0.13) 
0.8 9/9 11.1 0.94 (0.19) 
3.2 8/9 11.1 0.83 (0.20) 
6.4 8/9 25.0 0.90 (0.21) 

(+)-Pindolol + 0.1 11/14 71.4 1.07 (0.16) 
Flesinoxan 0.8 9/14 64.3 0.95 (0.08) 
(0.3 mg/kg) 3.2 6/14 42.9 0.71 (0.15)§ 

6.4 3/14 21.4 0.52 (0.11)§ 
12.8 10/14 10 0.44 (0.11)§ 

(+)-Pindolol + 0.8 10/14 71.4 0.99 (0.13) 
Ipsapirone 3.2 13/15 46.2 0.91 (0.15) 
(3.0 mg/kg) 6.4 13/14 30.8 0.89 (0.13)§ 

12.8 13/14 18.2 0.60 (0.30)§ 

*Number of rats responding/number to receive drug. 
tPercentage of rats selecting the drug-appropriate lever. 
~:Mean number of responses/second. 
§Significantly different from saline or flesinoxan baseline sessions (p ~ 0.05). 
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TABLE 2 
RESULTS OF GENERALIZATION AND ANTAGONISM STUDIES USING RATS 

TRAINED TO DISCRIMINATE 0.5 mg/kg OF FLESINOXAN (IP) FROM SALINE 

Percent Rats 
Drug Dose (mg/kg) N* Selecting DLI" Resp/s~ (:t: SEM) 

Saline 
Flesinoxan 

NAN-190 

NAN-190 + 
Flesinoxan 
(0.5 mg/kg) 

26/26 7.7 1.17(0.05) 
0.02 19/19 5.3 1.08 (0.08) 
0.1 21/21 19.0 1.11 (0.12) 
0.3 23/23 61.1 1.23 (0.07) 
0.5 26/26 88.5 1.07(0.05) 
0.8 16/16 90 0.97(0.15) 
3.0 ll /12 1 8 . 2  0.49(0.17)§ 
6.0 2/7 - 0.03(0.02)§ 
0.3 10/10 80 1.06(0.08) 
1.0 10/10 50 0.70 (0.14)§ 
3.0 10/10 55 0.31 (0.05)§ 
6.0 9/11 55.6 0.33 (0.10)§ 

*Number of rats responding/number to receive drug. 
tPercentage of rats selecting the drug-appropriate lever. 
~Mean number of responses/second. 
§Significantly different from saline or flesinoxan baseline sessions (/7 < 0.05). 

achieved stable discrimination performance after about the 
same mean number of  sessions (i.e., 45 and 47 sessions for 
the 0.3 and 0.5 mg/kg trained rats, respectively). The EDs0 of  
values obtained from the generalization curves of  flesinoxan 
were 0.11 and 0.20 mg/kg for the groups trained to 0.3 and 
0.5 mg/kg,  respectively (i.e., approximately one-third of  the 
training dose). At doses between 0.5 and 1.0 mg/kg,  flesi- 
noxan produced more than 8 0 e  drug lever selection in both 
groups. 

The specific 5-HTIA agonist ipsapirone completely substi- 
tuted for flesinoxan (Table 1). Previously, similarities have 
already been demonstrated between the stimulus effect of  fie- 
sinoxan and that of  other 5-HTIA agonists (i.e., 8-OH-DPAT 
and buspirone) (1,23,24). Thus, the stimulus generalization 
obtained with ipsapirone extends and confirms the conclusion 
that was drawn previously; that is, the discriminative stimulus 
of  flesinoxan appears to be selectively mediated via an agonis- 
tic activity at 5-HT~^ receptors in the brain. The results also 
demonstrate that ipsapirone is approximately a factor 3 less 
potent than flesinoxan. This finding is in agreement with the 
results of other behavioural studies and also with biochemical 
data demonstrating that ipsapirone is less potent and has less 
affinity for 5-HTm^ receptors than flesinoxan (12,18). 

Additional evidence for the involvement of  specifically 5- 
HT~^ receptors in the stimulus effect of  flesinoxan comes from 
the present antagonism studies with pindolol and NAN-190. 

Similar to the discriminative stimulus of  8-OH-DPAT (21), 
the cue of  flesinoxan was dose-dependently blocked by the 
~-adrenergic/5-HT~A/~B antagonist pindolol. Furthermore, 
pindolol antagonized the capacity of  ipsapirone (3.0 mg/kg) 
to substitute for flesinoxan, confirming that a similar mecha- 
nism underlies the stimuli of  flesinoxan and ipsapirone. 

The 5-HTIA antagonist NAN-190, however, did not fully 
block the cue of  flesinoxan (Table 2). The interpretation of  
these intermediate results is further complicated by the fact 
that NAN-190 significantly suppressed responding. Glennon 
and coworkers (7,8) have reported that NAN-190 (at 3.0 rag/ 
kg) completely antagonized the stimulus effect of  8-OH- 
DPAT (0.2 mg/kg,  IP). Furthermore, the drug has been 
shown to effectively block the 5-HT behavioural syndrome 
associated with 8-OH-DPAT administration (16). However, 
NAN-190 does not antagonize all 5-HTtA-mediated responses, 
and in addition affects body temperature and blood glucose 
levels, similarly to those of 8-OH-DPAT (13,26), indicating 
that NAN-190 has an intrinsic activity on 5-HTmA receptors. 
Moreover, Schreiber and De Vry (19) have reported that the 
cue of  8-OH-DPAT (0.1 mg/kg,  IP) can be partially blocked 
as well as partially mimicked by a dose of  9.0 mg/kg of  NAN- 
190, in agreement with a mixed 5-HTIA agonist/antagonist 
profile of  NAN-190. It is unclear what caused the difference 
in results between the antagonism studies of  Glennon and 
coworkers (7,8) and the one by Schreiber and De Vry (19). 

TABLE 3 
FLESINOXAN TRAINING DOSE (0.5 mg/kg) TESTED 

AFTER PCPA TREATMENT 

Dose Percent Rats Resp/s$ 
Drug (mg/kg) N* Selecting DLt ( + SEM) 

Flesinoxan 0.5 10/11 70 1.08 (0.08) 

*Number of rats responding/number to receive drug. 
tPercentage of rats selecting the drug-appropriate lever. 
~Mean number of responses/second. 
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The use of  different g-OH-DPAT training doses may have 
been a factor. In the present study, NAN-190 did not produce 
more than 18.2% drug lever selection in the flesinoxan-trained 
rats (Table 2). However, it was'not possible to test NAN-190 
doses higher than 3.0 mg/kg because in flesinoxan-trained rats 
NAN-190 more severely suppressed responding than in the 
study by Schreiber and De Vry. 

To investigate the relative importance of  presynaptic 5- 
HTIA receptors in the discriminative stimulus of  8-OH-DPAT, 
Kalkman has recently studied whether the stimulus of  8-OH- 
DPAT could be blocked by pretreatment with the 5-HT- 
depleting drug PCPA. Using 8-OH-DPAT-trained rats, Kaik- 
man demonstrated that neither the cue of  8-OH-DPAT nor 
that of  ipsapirone was antagonized by PCPA,  suggesting that 
5-HT~A autoreceptors do not play a major role in the media- 
tion of  these cues. In the present study, PCPA was adminis- 
tered to the flesinoxan-trained rats, using the same dose sched- 
ule used by Kaikman (9) and also by Tricklebank and 
coworkers (20). Tricklebank and coworkers showed this dose 
schedule to cause a substantial ( >  80%), selective, and gener- 
aiized depletion of  5-HT. In the present study, the PCPA 
pretreatment did not cause a drop in the percentage drug lever 
selection after administration of  flesinoxan to saline level. It 
therefore seems that, similar to the cues of 8-OH-DPAT and 

ipsapirone (9), presynaptic 5-HT~^ receptors do not play a 
major role in the discriminative stimulus effect of  flesinoxan 
when a training dose is used of 0.5 mg/kg. However, because 
only the flesinoxan training dose was tested, it is unclear 
whether the sensitivity of  the animals for flesinoxan was sig- 
nificantly changed. It should also be noted that a control study 
with saline, which could indicate whether stimulus control was 
still present after PCPA treatment, was not performed. Fur- 
thermore, it cannot be excluded that the number of axons that 
were not affected by the PCPA pretreatment was sufficient to 
allow for a stimulus effect of  about 70%. Moreover, it has 
been reported that the autoreceptor population has a large 
receptor reserve (11), which makes it difficult to draw definite 
conclusions from an experiment using the PCPA pretreatment 
technique. 

In conclusion, the results from the present study, in partic- 
ular the results of  the experiments with the antagonists, give 
additional support for the hypothesis that the discriminative 
stimulus effect of  flesinoxan is specifically mediated via 5- 
HTIA receptors in the brain. 
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