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WINTER, J. C. AND R. A. RABIN. Discriminative stimulus properties of m-chlorophenylpiperazine. PHARMACOL 
BIOCHEM BEHAV 45(1) 221-223, 1993.-Stimulus control was established in a group of 10 rats using a dose of m- 
chlorophenylpiperazine (MCPP) of 0.8 mg/kg, administered IP, 15 rain before training. A two-lever operant task using a 
fixed-ratio 10 schedule of sweetened milk reinforcement was used. Based upon a criterion for the presence of stimulus control 
of five consecutive sessions during which 83°7o or more of all responses were on the appropriate lever, a mean of 27 sessions 
was required to reach criterion performance. Response rates were significantly suppressed by the training dose of MCPP (14 
responses/min) as compared with saline sessions (38 responses/min). Subsequent to the establishment of stimulus control, 
tests of generalization were conducted with m-trifluoromethylphenylpiperazine (TFMPP), 6-chloro-2-(l-piperazinyl)-pyrazine 
(MK-212), and 5-methoxy-3-(1,2,3,6-tetrahydro-4-pyridinyl)-lH-indole (RU-24969). MCPP generalized completely to MK- 
212 and TFMPP at doses of the latter drugs of 0.7 and 1.0 mg/kg, respectively. Maximum generalization to RU-24969 was 
67°/o at a dose of 1.0 mg/kg but only 4 of 10 subjects completed the test session. The present results indicate that MCPP is 
efficacious as a discriminative stimulus. In addition, because of MCPP's relative selectivity for the 5-hydroxytryptamine 
c(5-HT~c) receptor subjects trained with MCPP may prove valuable in assessing the respective functional contributions of 
5-HT~c sites to the actions of a variety of serotonergic agents. 
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m-CHLOROPHENYLPIPERAZINE (MCPP), a metabolite 
of the antidepressant drug trazodone, was initially thought to 
act via inhibition of the uptake of serotonin [5-hydroxytrypta- 
mine (5-HT)] (3). However, the results of subsequent investi- 
gations were more compatible with a direct agonistic action at 
serotonergic sites (2,13,14). Following the identification of 
5-HT receptor subtypes, MCPP came to be regarded as a re- 
latively selective agonist at 5-HT~c receptors [for recent reviews, 
see (5,8,10)]. Although the closely related phenylpipera- 
zincs, quipazine, rn-trifiuoromethylphenylpiperazine (TFMPP), 
and 6-chloro-2-(1-piperazinyl)-pyrazine (MK-212), have been 
trained as discriminative stimuli (1,9,16), no previous report 
of MCPP-induced stimulus control is known to us. 

METHOD 

Animals 

Subjects used in these studies were maintained in accor- 
dance with the Guide for Care and Use of Laboratory Animals 
of the Institute of Laboratory Animal Resources, National 

Research Council. Male Fischer 344 rats were obtained from 
Charles River Breeding Laboratories, Inc. (Wilmington, MA). 
They were housed in pairs under a natural light-dark cycle 
and allowed free access to water in the home cage. Subjects 
were maintained at 75-80% of their expected free-feeding 
weight by limiting access to food to 1 h per day. 

Apparatus 

Two small-animal test chambers (Coulbourn Instruments 
Model El0-10) housed in larger light-proof, sound-insulated 
boxes were used for all experiments. Each box had a house- 
light and exhaust fan. The chamber contained two levers 
mounted at opposite ends of one wall. Centered between the 
levers was a dipper that delivered 0.1 ml sweetened condensed 
milk diluted 2 : 1 with tapwater. 

Procedure 

Preliminary training was as described previously (16). Dis- 
crimination training was then begun. Fifteen minutes before 
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each 10-min session, subjects were injected IP with either sa- 
line or MCPP (0.8 mg/kg). Following administration of  
MCPP, every 10th response on the MCPP-appropriate lever 
was reinforced. Similarly, responses on the saline-appropriate 
lever were reinforced on a fixed-ratio (FR) 10 schedule follow- 
ing injection of saline. For half the subjects, the left lever was 
designated as the drug-appropriate lever. During discrimina- 
tion training, MCPP and saline were alternated on a daily 
basis. Drug-induced stimulus control was assumed to be pres- 
ent when, in five consecutive sessions, 83% or more of all 
responses prior to delivery of  the first reinforcer were on the 
appropriate lever. 

After stimulus control with MCPP was well established, 
cross tests (tests of  generalization) were conducted with other 
doses of MCPP or with other drugs once per week in each 
animal so long as performance during the remainder of the 
week did not fall below a criterion of  83% correct responding. 
In general, tests were equally divided between Thursday and 
Friday sessions. During cross tests, no responses were rein- 
forced and the session was terminated after the emission of  10 
responses on either lever. The distribution of responses be- 
tween the two levers was expressed as the percentage of total 
responses emitted on the drug-appropriate lever. Response 
rate was calculated for each session by dividing the total num- 
ber of responses emitted prior to lever selection, that is, prior 
to the emission of 10 responses on either lever, by elapsed 
time. Rate is expressed as responses per minute. Comparisons 
of data were by individual applications of  Wilcoxon's signed 
ranks test. Differences were considered significant if they 
would be expected to arise by random sampling alone with a 
probability <0.05. 

Drugs 

MCPP and TFMPP were purchased from Aldrich Chemi- 
cal Co. (Milwaukee, WI). 5-methoxy-3-(1,2,3,6-tetrahydro- 
4-pyridinyl)-lH-indole (RU-24969) and MK-212 were gener- 
ously provided by Dr. R. Deraedt, Centre De Recherches 
Roussel UCLAF, Romainville, France, and Dr. Bradly Cline- 
schmidt, Merck Institute for Therapeutic Research, West 
Point, PA, USA, respectively. 

R E S U L T S  

Rats trained with MCPP at a dose of  0.8 mg/kg required a 
mean of 27 sessions to reach criterion performance. Although 
stimulus control was established and was reliably maintained 
at a dose of  0.8 mg/kg,  it is seen in Fig. 1 that this dose is rate 
suppressant. Further, when doses of  MCPP of  0.5 and 0.3 
mg/kg were tested (Fig. 1) suppression of  responding was also 
apparent even though the degree of generalization was pro- 
gressively reduced. 

In Fig. 1 are shown the results of cross tests with TFMPP,  
MK-212, and RU-24969 in rats trained with MCPP as a dis- 
criminative stimulus. We see complete generalization of 
MCPP to both TFMPP and MK-212. In contrast, RU-24969 
did not fully mimic MCPP at any dose tested. 

D I S C U S S I O N  

The present results indicate that MCPP is efficacious as a 
discriminative stimulus. TFMPP,  MK-212, and RU-24969 
were chosen for initial evaluation in MCPP trained rats be- 
cause each has been trained as a discriminative stimulus and 

£ 
ttJ 
C 

I .  
0,. 
o 40 
Q. 
Q. 

& 

0 
"2 

E 
"~ 20 $ 

tr 0 

I00 4~, 

f z,~° / 
,'1 ,/ 

" /7 8o / 5" 
,,,  ,11 e , 9 A 7  ...-... 

6o ,,," I I i  ',.. 
/ /  I • _." "...,.. 

/ / /  i 
11 l# 0 # ( . 7  .," 

t li/..._ :. • MCPP # • ".. . 
/ / "'-. .." • TFMPP 

i , ~ / -  ""0: ~. MK-212  
9 o F lu-24969 

i l l  , ' 
i d 

/ I  , I I I 

I / i  I I ~ ~ ~A ~ i  ""0 ......... 0 
0 0.I 0.3 1.0 3.0 

Dose (mglkg)  

FIG. 1. Effects of m-chlorophenylpiperazin¢ (MCPP) ( t ) ,  m-tri- 
fluoromethylphenylpiperazine (TFMPP) ( i ) ,  6-chloro-2-(1-pipera- 
zinyl)-pyrazine (MK-212) (A), and 5-methoxy-3-(l,2,3,6-tetrahy- 
dro-4-pyridinyl)-lH-indole (RU-24969) (©) in rats trained with 
MCPP (0.8 mg/kg) as a discriminative stimulus. Each point is the 
mean of one determination in each of 10 subjects. The number of 
subjects that completed the session, if other than 10, is indicated 
adjacent to the data point. Ordinate: upper panel-mean percentage 
of responses on the MCPP-appropriate lever; lower panel-response 
rate. Abscissa: Dose plotted on a log scale. 

each fully generalizes to MCPP (1,4,9). The data of Fig. 1 
indicate that this generalization is symmetric for TFMPP and 
MK-212 but not for RU-24969 in that the latter drug did not 
fully mimic MCPP. 

The role played by rate suppression, or the pharmacologi- 
cal antecedents of  rate suppression, in MCPP-induced stimu- 
lus control are not apparent at this time. However, the failure 
of  RU-24969 to fully mimic MCPP (Fig. 1) at doses that pro- 
duce greater rate suppression than that seen following the 
training dose of  MCPP suggests that rate suppression alone is 
not an adequate stimulus for generalization to occur. 

MCPP has been widely employed in both animals and hu- 
marls to mimic certain actions of  serotonin [for review, see 
(11)]. Of the serotonergic receptors so far identified, MCPP 
has highest affinity for the 5-HT~c subtype [Kd = 21 nM; (7)] 
and it is plausible that MCPP-induced stimulus control 
is mediated at least in part via 5-HT~c receptors. Support 
for this possibility is provided by the fact that MK-212 and 
TFMPP,  which completely substituted for MCPP (Fig. l), 
likewise have highest affinity at 5-HTIc receptors relative to 
other serotonergic receptors (7). In contrast, the affinities of 
RU-24969, which did not completely mimic MCPP (Fig. 1), 
are greater at 5-HT~A, 5-HTIB, and 5-HT~D receptors than at 
the 5-HT~ c site (7). However, it must be noted that MCPP 
has moderate affinity (Kd values = 200-500 nM) at 5-HT~A, 
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5-HTIB, 5-HTm, 5-HT2, and 5-HT3 sites (7,12,15). Nonethe- 
less, because of  MCPP's relative selectivity for the 5-HT~c 
receptor, subjects trained with MCPP may prove valuable in 
assessing the respective functional contributions of  5-HT~c 
sites to the actions of  a variety of  serotonergic agents. 
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