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Abstract-The effects of various piperazine-containing compounds on the release of endogenous 
serotonin (5-HT) from rat hypothalamic slices were evaluated. Incubation of hypothalamic slices with 
m-chlorophenylpiperazine (mCPP) or m-trifluoromethylphenylpiperazine (mTFMPP) evoked a potent, 
dose-dependent release of endogeous 5-HT that was similar in magnitude to that seen with tryptamine, 
p-chloroamphetamine, or fenfluramine. In the presence of the 5-HT uptake blockers fluoxetine or 
chlorimipramine, this release was reduced dramatically. Furthermore, removal of calcium from the 
incubation medium had little effect on the drug-induced release, suggesting that the release mechanism 
involved displacement of 5-HT stores and not depolarization-induced exocytosis. Trazodone, MK-212, 
and quipazine had only small effects on release. These studies show that several piperazine-containing 
compounds can evoke a potent release of endogenous stores of hypothalamic 5-HT in vitro, actions 
which should be considered together with their direct agonist activity when interpreting the CNS effects 
in vivo. 

Several substituted piperazines have .potent seroto- 
nin-mimetic effects in the central nervous system. 
For example, quipazine [2-(1-piperazinyl) quinoline] 
and MK-212 [2-(1-piperazinyl)-6-chloropyrazine] 
exert behavioral and biochemical changes in brain 
associated with enhanced serotonergic activity. Both 
compounds induce head twitches in mice [ 1,2], re- 
duce food intake [3,4], and decrease serotonin turn- 
over [5-lo]. 

The addition of a halogenated phenyl ring to the 
piperazine nucleus also results in compounds with 
strong serotonin-mimetic activity (Fig. 1). Thus, m- 
trifluoromethylphenylpiperazine (mTFMPP; [ll]) 
and m-chlorophenylpiperazine (mCPP; [3,12-141) 
are serotonin-mimetics thought to act primarily by 
direct stimulation of serotonin receptors in the CNS. 
mCPP is also of interest because it is thought to be 
an active metabolite of the atypical antidepressant 
trazodone [15,16], the formation of which from 
trazodone in viva may impart the serotonin-agonist 
activity observed with higher doses of the antidepres- 
sant [14-181. The recent finding that mCPP is also 
formed in man after a single oral dose of trazodone 
[19] lends support to the speculation that this metab- 
olite may be involved in the clinical effects of 
trazodone. 

To further examine the pharmacological charac- 
teristics of trazodone and mCPP as well as other 
piperazine-containing compounds, the effects of sev- 
eral substituted piperazines on S-HT release from 
rat hypothalamic slices were investigated. 

MATERIALS AND METHODS 

Animals. Adult, male Sprague-Dawley rats 
(Charles River Laboratories, Wilmington, MA), 

* Author to whom correspondence should be addressed. 

having free access to standard rat chow and tap 
water, were used in all experiments. 

Release of endogenous 5HT. Hypothalami were 
dissected on an ice-chilled glass plate and then 
minced by a hand-held razor blade to homogeneity. 
The slices were suspended in ice-cold Ca2+-free 
Krebs-Ringer bicarbonate buffer (basic composi- 
tion: 118 mM NaCl, 4.8 mM KCl, 1.3 mM CaC12, 
1.2 mM KHzP04,1.2 mM MgS04,25 mM NaHC03, 
10 mM glucose, 1 PM clorgyline, 100 PM ascorbic 
acid, oxygenated to pH7.4 with 95/5 O&02) in 
which MgS04 was raised to 2.4 mM to substitute for 
the removal of calcium. The slices were transferred in 

PUIPAZINE MK212 
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Fig. 1. Structures of related piperazines: quipazine, 2-(1- 
piperazinyl) quinoline; MK-212, 2-(1-piperazinyl)-6- 
chloropyrazine; mCPP, m-chlorophenylpiperazine; 
mTFMPP, m-trifluoromethylphenylpiperazine; and trazo- 
done, 2-(3-[4-(m-chlorophenyl)-l-piperazinyl]propyl)-5- 

triazolo(4,3-a)pyridin-3-(2H)-one. 
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l-ml aliquots (-2 mg protein) into 1.5ml Eppendorf 
tubes, centrifuged briefly (30 set in Beckman Micro- 
fuge at 10,000 rpm), and washed again with the ice- 
cold Ca*+-free buffer. The supernatant fraction was 
aspirated and the slices were incubated for 25 min 
at 37” in 1 ml Krebs buffer (+Ca2+). After brief 
centrifugation the slices were resuspended in Krebs 
buffer (500 ~1) containing the indicated concentra- 
tion of drugs and incubated for 10min (37”) after 
which the tubes were chilled in ice water for 1 min 
and centrifuged. The resulting supernatant fraction 
was assayed directly for serotonin by high perfor- 
mance liquid chromatography (HPLC) with electro- 
chemical detection [20]. Protein was assayed by the 
method of Lowry et al. [21]. 

Drugs. The following drugs were received as gifts: 
trazodone HCI (Mead Johnson, Evansville, IN), 
chlorimipramine HCl (Ciba-Geigy, Summit, NJ), 
fluoxetine HCl (Eli Lilly, Indianapolis, IN), clorgy- 
line HCl (May & Baker, Dagenham, England), and 
fenfluramine HCl (A. H. Robins, Richmond, VA); 
other compounds were obtained commercially: 
tryptamine HCl (Sigma Chemical Co., St. Louis, 
MO), p-chloroamphetamine HCl (Regis, Morton 
Grove, IL), and m-chlorophenylpiperazine 2HCl 
(Sigma; Aldrich Chemical Co., Milwaukee, WI). 2- 

(1-Piperazinyl)-6-chloropyrazine HCl (MK-212)) o- 
chlorophenylpiperazine HCl, trifluoromethylphenyl- 
piperazine, and quipazine HCl were synthesized at 
the Merck Sharp & Dohme Research Laboratories. 
[3H]Serotonin (5-[1,2-3H](N)]hydroxytryptamine 
creatinine sulfate, 30.4 Ci/mmole) was obtained from 
the New England Nuclear Corp. (Boston, MA). 

RESULTS 

In vitro release of endogenous S-HT. A lo-min 
incubation of rat hypothalamic slices with any of 
several known releasers of 5-HT such as tryptamine, 
p-chloroamphetamine (pCA) or fenfluramine elic- 
ited a concentration-dependent (0.1 to 1OpM) 
release of endogenous 5-HT (Tables 1 and 2). mCPP, 
o-chlorophenylpiperazine (oCPP) and mTFMPP 
exhibited similar activity, evoking 20- to 50-fold 
increases in release over basal levels at 10 PM (Tables 
1 and 2). In comparison, trazodone, quipazine and 
MK-212 were active but relatively weak, causing 
only 2- to 4-fold increases in release (Tables 1 and 

2). 
Preincubation of the slices with the selective 5-HT 

uptake inhibitors fluoxetine (1 ,uM) or chlorimipram- 
ine (1 ,uM) elicited slight increases in basal release of 

Table 1. Blockade by fluoxetine of stimulated 5-HT release from rat hypothalamic slices 

Compound 
Concn 
(PM) 

Serotonin released* 

No fluoxetine (% change) 1 @I Fluoxetinet (% Change) 

Tryptamine 0 
0.1 

p-Chloroamphetamine 

10 

0 
0.1 

m-Chlorophenylpiperazine 

10 

0 
0.1 

m-Trifluoromethylphenylpiperazine 

10 

0 
0.3 

Trazodone 

3 
10 

0 

10 

Quipazine 0 
0.1 
1 

10 

MK-212 0 
0.1 

10 

0.25 r 0.03 0.56 t 0.06 
0.33 r 0.09 (+32) 0.52 ? 0.03 (-7) 
5.46 + 0.48$ (+2080) 0.86 2 0.02 (+54) 

17.01 2 2.30$ (+6700) 5.98 * 0.32$ (+970) 

0.36 -+ 0.11 0.59 * 0.08 
0.33 f 0.04 (-8) 0.62 2 0.05 (+5) 
5.58? o.lls‘(+i450) 0.64 f 0.08 (+8j 

18.20 2 0.26$ (+4960) 3.56 f 0.38$ (+500) 

0.22 f 0.06 0.67 +- 0.03 
0.33 2 0.05 (+50) 0.54 * 0.04 (-19) 
4.32 ? 0.78$ (+ 1860) 0.60 2 0.06 (-10) 

11.11 ? 0.84$ (+4950) 1.69 + 0.26$ (+151) 

0.24 f 0.05 0.42 + 0.03 
0.31 f 0.07 (+29) 0.47 r 0.11 
0.53 f 0.03 (+12i) 

(+12) 
0.51 * 0.04 (+2lj 

2.13 ? 0.09t (+790) 0.66 2 0.06 (+57) 
5.53 IT 0.12$ (+2206) 0.73 * 0.10$(+74) 

0.29 2 0.06 0.33 * 0.04 
0.33 t 0.05 (+14) 0.37? 0.06 (+12) 
0.95 f 0.13$ (+230) 0.67 + 0.08 (+103) 

0.21 ?I 0.01 0.27 ? 0.02 
0.19 * 0.03 (-10) 0.29 ? 0.05 (+7) 
0.26 2 0.02 f+24) 0.29 2 0.02 (+7) 
0.86 + o.o9$‘(+3io) 0.56 t 0.05 (+167) 

0.20 t 0.02 0.71 * 0.07 
0.29 2 0.06 (+45) 0.57 2 0.06 (-20) 
0.42 * 0.15 (+llO) 0.62? 0.05 (-13) 
0.59? 0.16$ (+195) 0.97 !Z 0.11 (+37) 

* Values represent pmoles released.(mg protein)-‘. (10 min)-r and arc group means ? S.E.M. (N = 3 points/group). 
t Fluoxetine was included where indicated during the 25-min preincubation period and the lo-min release period. 
$ P < 0.05 vs respective untreated controls (ANOVA, Dunnett’s f-test). 
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Table 2. Comparison of the effects of some phenylpiperazines and fenflura- 
mine on the release of 5-HT from hypothalamic slices 
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Compound 
Concn Serotonin released* 
(PM) (% change) 

Control 0 0.32 + 0.03 

Fenfluramine 0.3 0.68 t 0.02 (+113) 
1 2.92 -+ 0.23t (+810) 
3 6.45 f 0.19t (+1920) 

o-Chlorophenylpiperazine 1 0.93 2 0.08 (+190) 
3 4.59 k 0.09t (+ 1330) 

10 10.68 2 0.48t (+3240) 

m-Chlorophenylpiperazine 1 4.31 t 0.33t (+1250) 

Trazodone 3 0.84 k 0.01 (+160) 
10 1.51 2 0.08t (+370) 

.* Values represent pmoles released. (mg protein))‘. (10 min)-i and are 
group means 2 S.E.M. (N = 3 points/group). 

t P < 0.05 vs control (ANOVA, Dunnett’s t-test). 

S-HT (Tables 1 and 3) and largely inhibited the 
enhanced release of 5-HT by tryptamine, pCA or the 
substituted piperazines (Tables 1 and 3). Removal of 
calcium from the incubation medium, however, had 
no significant effect on the magnitude of release 
(Table 4). 

DISCUSSION 

The present examination of several piperazine- 
containing compounds in vitro indicates that some 
halogenated phenylpiperazines (i.e. mCPP, oCPP 
and mTFMPP) are potent releasers of endogenous 
stores of hypothalamic S-HT. The SHT-releasing 
activity of these compounds approached that of 
known releasers of 5-HT as indicated in the potency 
order: tryptamine = pCA 2 fenfluramine, mCPP, 
oCPP 2 mTFMPP * trazodone, quipazine, MK- 
212. The large disparity in the releasing activities of 
mCPP and trazodone in vitro is interesting in view 
of the finding that mCPP is formed from trazodone 
in vivo [15,16], thereby suggesting that the anti- 
depressant is enzymatically transformed, in part, into 
a releasing agent after its peripheral administration. 
The reason for the large difference in releasing activi- 

ties between these two compounds is unknown, but 
it may be related to the restricted entry of trazodone 
into the nerve terminal. Like tryptamine, pCA and 
fenfluramine [22], mCPP, oCPP and mTFMPP 
appear to release 5-HT by a non-exocytotic mechan- 
ism (see Ref. 23) involving the displacement of neur- 
onal 5-HT; elimination of Ca*+ from the incubation 
system had only minimal effects on the 5-HT release 
by these compounds, while inclusion of the 5-HT- 
uptake blockers fluoxetine or chlorimipramine drast- 
ically reduced the drug-induced release. It has been 
suggested recently that 5-HT uptake blockers inhibit 
displacement-type release (i.e. by pCA) by pre- 
venting carrier-mediated efflux of 5-HT from the 
nerve terminal [22] which contrasts with the more 
commonly held belief that these compounds act by 
preventing drug entry into the neuron [24]. From the 
present results, however, we are unable to determine 
by which of these mechanisms fluoxetine and chlor- 
imipramine are acting to inhibit the drug-induced 
release of 5-HT. 

In studies from other laboratories, mCPP has been 
reported to be inactive [3] or only slightly active 
[12,25] in releasing 5-HT in vitro. These results 
therefore differ from the present findings where 

Table 3. Inhibition of the drug-induced release of 5-HT from hypothalamic slices by chlorimipramine 
(CIMI) 

5-HT released* 

Treatment No CIMI (% change) 1 PM CIMIt (% change) 

Control 0.42 k 0.04 1.31 2 0.06 
p-Chloroamphetamine (1 fl) 7.27 * 0.36$ (+ 1630) 1.38 2 0.08 (+5) 
m-Chlorophenylpiperazine (1 ,&l) 5.52 t 0.25s (+1310) 
m-Trifluorophenylpiperazine (3 @vI) 

1.57 5 0.13 (+20) 
4.21 ” 0.17$ (+lOOO) 1.49 2 0.11 (+14) 

* Values represent pmoles released. (mg protein)-‘. (10 min)-1 and are group means 2 S.E.M (N = 
4 points/group). 

t CIMI was included where indicated during the 25-min preincubation period and the IO-min release 
period. 

$ P < 0.05 vs respective untreated controls. 
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Table 4. Calcium dependency of 5-HT release induced by halogenated phenylpiperazines* 

5-I-IT released? 

Treatment 

Control 
p-Chloroamphetamine (1 PM) 
m-Chlorophenylpiperazine (1 fl) 
m-Trifluoromethylphenylpiperazine (3 /.&I) 

+Caz+ 

0.35 2 0.04 
7.07 f 0.62$ 
5.62 5 0.24$ 
4.96 r 0.30$ 

-Ca*+ 

0.24 ‘- 0.06 
5.93 f 0.73$ 
4.73 f 0.63$ 
3.62 f 0.40$ 

% Change 

-31 
-16 
-16 
-27 

* Hypothalamic slices were treated as described in Methods except that, in the -_a*+ group, 
CaClr was omitted throughout all washes and incubations, being replaced with MgzS04. 

t Values re resent pmoles released. (mg protein)-‘. (10 min)-1 and are group means 2 S.E.M. 
(N = 3 point Yp group). 

$ P < 0.05 vs respective untreated controls (ANOVA, Dunnett’s r-test). No significant differences 
were found between respective groups with or without calcium. 

mCPP approached the activity of tryptamine and 
pCA and was equivalent or slightly higher in activity 
to fenfluramine. Reasons for this quantitative dif- 
ference may be related to differences in sample prep- 
aration (i.e. whole brain synaptosomes vs hypo- 
thalamic slices) or other procedural distinctions (i.e. 
release of previously taken-up [3H]5-HT or [14C]5- 
HT vs endogenous 5-HT release). Indeed, we found 
that, in experiments which were run in parallel under 
identical conditions, mCPP (l-3 PM) was only about 
one-half as active in releasing previously taken-up 
[3H]5-HT (uptake conditions: 0.1 PM [3H]5-HT, 
10 min at 37”) when compared to endogenous 5-HT 
release from hypothalamic slices. When measuring 
the release of total 3H instead of [3H]5-HT purified 
by HPLC, mCPP was only one-fourth to one-fifth as 
active in this respect. This quantitative difference in 
endogenous 5-HT release vs [3H]5-HT release was 
observed only with displacement-type releasers such 
as pCA or mCPP. The magnitude of stimulated 
release induced by depolarization (i.e. by elevated 
KC), however, was the same whether endogenous 5- 
HT release or release of previously taken-up [3H]5- 
HT was measured (our unpublished observations). 

The extent to which mCPP and other related hal- 
ogenated phenylpiperazines release 5-HT in uivo 
after their peripheral administration is unknown. 
Indeed, the available neurochemical evidence sug- 
gests that these agents are primarily direct-acting 
5-HT agonists in the brain. For instance, acute ad- 
ministration of mCPP or mTFMPP reduces 5-HT 
turnover in brain without affecting 5-HT con- 
centrations [ll, 13, 141. Furthermore, these com- 
pounds inhibit [3H]5-HT binding in vitro with Ki 
values in the 100nM range [3,11,13,14]. In one 
study, lesions of the median raphe nucleus which 
depleted forebrain 5-HT by 75% did not influence 
the serotonin-dependent anorexia induced by mCPP 
[3], thus arguing in favor of a mechanism involving 
direct interaction with 5-HT receptors. This inter- 
pretation, however, does not take into account the 
possible releasing effects of mCPP on the pool of 5- 
HT not affected by the lesion. In view of the fact 
that mCPP and mTFMPP do not alter 5-HT metab- 
olism in viuo in a way characteristic of 5-HT releasers 
[ll, 13,14,26], however, it is unlikely that the potent 
5-HT-releasing property of halogenated phenyl- 

piperazines in vitro is singularly responsible for their 
serotonergic effects in vivo. The possibility remains, 
however, that enhanced 5-HT release contributes in 
part to the overall effect of 5-HT receptor activation 
by these compounds. In fact, if one assumes single 
compartmentalization, the concentration of the 
drugs in the brain after peripheral injection of mCPP 
(2.5 to 10 mg/kg; [12,14]) or mTFMPP (15 mg/kg; 
[ll]) easily exceeds that necessary (l-3 ,uM) for lo- 
fold increases in release in vitro. Direct measurement 
of 5-HT release in vivo after the administration of 
the halogenated phenylpiperazines will be needed to 
determine whether, in fact, these compounds are 
active as 5-HT releasers in vivo. 
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