
Pharmacology Biochemistry & Behavior, Vo|. 33, pp. 265-267. Maxwell Pergamon Macmillan plc, 1989. Printed in the U.S.A. 0091-3057/89 $3.00 + .00 

BRIEF COMMUNICATION 

Differential Effect of Clomipramine 
Treatment on m-Chlorophenylpiperazine- 

Induced Increases in Plasma Prolactin 
and Corticosterone in Rats 

K R Y S T Y N A  M. W O Z N I A K , L 2  C H A R A N J I T  S. A U L A K H ,  JAMES L. HILL 
A N D  DENNIS  L. M U R P H Y  

Section on Clinical Neuropharmacology, Laboratory o f  Clinical Science 
National Institute o f  Mental Health, Bethesda, MD 20892 

Received 6 June 1988 

WOZNIAK, K. M., C. S. AULAKH, J. L. HILL AND D. L. MURPHY. Differential effect of clomipramine treatment on 
m-chlorophenylpiperazine-induced increases in plasma prolactin and corficosterone in rats. PHARMACOL BIOCI-IEM BEHAV 
33(1) 265-267, 1989. --Intravenous administration of m-chlorophenylpiperazine (m-CPP, a serotonin agonist) to rats increased plasma 
prolactin and corticosterone concentrations. Long-terra (21-day) and short-term (3-day) treatment with the tricyelie antidepressant, 
clomipramine, did not have any significant effect on baseline levels of either prolactin or corticosterone. Long-term but not short-term 
clomipramine treatment significantly potentiated m-CPP's effect on plasma prolactin. On the other hand, both long-term and 
short-term clomipramine treatment significantly attenuated m-CPP's effect on plasma corticosterone. These findings are consistent 
with other animal and clinical studies demonstrating a differential effect of antidepressant treatment on two different serotonin- 
mediated neuroendocrine functions. 

Clomipramine Prolactin Corticosterone m-CPP Rats 

SINCE a therapeutic lag exists between the initiation of antide- 
pressant drug treatment and onset of clinical effects, animal 
studies of molecular mechanisms pertinent to antidepressant effi- 
cacy have concentrated on the adaptive changes in various 
aminergic neurotransmitter mechanisms following long-term anti- 
depressant treatment. Adaptational changes in the serotonergic 
neurotransmitter system following long-term antidepressant treat- 
ment have been investigated using behavioral, electrophysiologi- 
cal, neuroendocrine, and biochemical paradigms (19). m- 
Chlorophenylpiperazine (m-CPP), a metabolite of the antidepressant 
trazodone, readily displaces [3H]serotonin (5-HT) in binding 
studies, possessing greater affinity for 5-HT 1 than for 5-HT 2 sites 
(8,10), with a predominant selectivity for the 5-HT m receptor 
subtype (6,16). Administration of m-CPP to humans, monkeys, 
and rats produces increases in plasma prolactin and cortisol 
(humans and monkeys) or corticosterone (rats) (11). 

The purpose of the present study was to use m-CPP as a 

challenge agent to explore functional adaptational changes in the 
serotonergic mechanisms mediating prolactin and corticosterone 
release following long-term treatment with the tricyclic antidepres- 
sant, clomipramine, which is a potent 5-HT uptake inhibitor (7). 
Similar neuroendocrine studies to date have often used 5-HT 
precursors as challenge agents (19). These precursors would of 
course ultimately result in the stimulation of all the 5-HT receptors 
and subtypes. The use of the more specific agent, m-CPP, could 
help to delineate more specifically the functional status of the 
serotonergic systems mediating these responses. Thus, we studied 
the effects of short-term (3-day) and long-term (21-day) clomi- 
pramine (a tricyclic antidepressant) treatment on m-CPP-induced 
increases in plasma prolactin and cortieosterone in rats. 

METHOD 

Male Wistar rats weighing approximately 250 g at the begin- 
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ning of the study were used. The animals were housed six per cage 
and had free access to food and water. Under halothane anesthesia, 
the left femoral artery and vein were cannulated (PE 50, polyeth- 
ylene tubing) in each animal, and the catheters were exteriorized 
subcutaneously at the back of the neck. After surgery, each animal 
was housed individually in a clear plastic cage with food and water 
freely available. Saline or various doses of m-CPP were injected 
intravenously (11:00-11:15 a.m.) at least 48 hours after the 
surgery. Separate groups of animals were used for short-term and 
long-term antidepressant treatment studies. Saline or clomipramine 
(5 mg/kg/day) was subcutaneously administered continuously by 
means of osmotic minipumps (Alza Corporation) for 28 days; the 
pumps were reimplanted at 2 weeks. Both the clomipramine- 
treated and saline-treated animals were challenged first with 
saline, followed by 1.25 and 2.5 mg/kg doses of m-CPP, respec- 
tively, with each dose separated by 24 hours during both short- 
term (2--4 days) and long-term (21-23 days) antidepressant treatment. 
Blood samples (1.5 ml) were drawn between 11:30-11:45 a.m. in 
each animal 30 min after saline or m-CPP injection. After each 
drawing, blood volume was restored by infusing the appropriate 
quantity of blood obtained from the naive donor animals. Blood 
was collected in centrifuge tubes containing 0.5 ml of ethylene- 
diaminetetracetic acid (EDTA). Following centrifugation, plasma 
samples were collected and stored at - 70°C. The plasma concen- 
trations of prolactin and corticosterone were measured by radio- 
immunoassays as described in a previous report from this labora- 
tory (I). 

Statistics 

Data were analyzed by repeated measures analysis of variance 
(GLM Procedure, SAS Institute, Cary, NC). Significant effects 
were further characterized by one-way analysis of variance at each 
level of the repeated factor accompanied by a priori designed 
contrasts. 

RESULTS 

Compared to saline treatment, short-term (3-day) and long- 
term (21-day) clomipramine treatment did not produce significant 
changes in baseline levels of either prolactin (Fig. 1) or corticos- 
terone (Fig. 2). Administration of m-CPP produced an overall 
significant drug effect on prolactin, F(2,28)=73.02, p<0.001, 
and corticosterone, F(2,24)= 40.38, p<0.001. However, m-CPP 
administration produced dose-related changes in prolactin [0.0 vs. 
1.25: F(1,14)=48.97, p<0.001; 1.25 vs. 2.5: F(1,14)=30.10, 
p<0.001] and not in corticosterone [1.25 vs. 2.5: F(1,12)= 1.7, 
p>0.05]. 

For prolactin (Fig. 1), there was a significant, F(2,14) = 4.48, 
p<0.05, clomipramine treatment effect as well as a significant, 
F(4,28) =2.99, p<0.05, m-CPP drug x treatment interaction. 
Further analysis revealed that values of long-term clomipramine- 
treated animals differed significantly (p<0.05) from both the 
saline-treated and short-term clomipramine-treated animals. There 
was no significant difference between the saline-treated and 
short-term clomipramine-treated animals. For corticosterone (Fig. 
2), there was a significant, F(2,11) = 5.23, p<0.05, clomipramine 
treatment effect as well as a significant, F(4,22)=4.95, p<0.01, 
m-CPP drug × treatment interaction. Further analysis revealed 
that the m-CPP-induced corticosterone increase was significantly 
blunted in both the short-term and long-term clomipramine-treated 
animals relative to saline-treated animals. There was no significant 
difference between the short-term and long-term clomipramine- 
treated animals. 

D I S C U S S I O N  

The demonstration of enhanced secretion of prolactin and 
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FIG. 1. The effect of saline, short-term (2--4 days) and long-term (21-23 
days) clomipramine treatment on m-CPP-induced increases in plasma 
prolactin (ng/ml) levels (30 min after injection). Values of five to six 
animals are expressed as means±S.E.M. Values of long-term clomi- 
pramine-treated animals significantly different from saline-treated and 
short-term clomipramine-treated animals are represented by *p<0.05 and 
i'p<0.05, respectively. 

corticosterone following intravenous administration of m-CPP in 
the present study is consistent with earlier reports from this and 
other laboratories (1,15). m-CPP-induced prolactin release is 
mediated by stimulation of postsynaptic 5-HT receptors since it is 
attenuated by the 5-HT receptor antagonist, metergoline, and 
potentiated in 5,7-dihydroxytryptamine (5,7-DHT)-lesioned ani- 
mals (15). Potentiation of m-CPP's effect on plasma prolactin 
following long-term but not short-term clomipramine treatment in 
the present study suggests development of functional supersensi- 
tivity of the 5-HT receptors involved in prolactin secretion. This 
finding is consistent with previous neuroendocrine studies both in 
rodents (12) and humans (2) which demonstrated potentiation of 
the prolactin-releasing effect of 5-HT precursors following long- 
term administration of tricyclic antidepressant drugs. Similarly, 
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FIG. 2. The effects of saline, short-term (2--4 days) and long-term (21-23 
days) clomipramine treatment on m-CPP-induced increases in plasma 
corticosterone (~g/dl) levels (30 min after injection). Values of five to six 
animals are expressed as means--+S.E.M. Values of short-term and 
long-term clomipramine-treated animals significantly different from saline- 
treated animals are represented by *p<0.05; **p<0.01. 
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several behavioral and electrophysiological studies have also 
demonstrated enhanced sensitivity of postsynaptic 5-HT receptors 
following long-term administration of tricyclic antidepressant 
drugs (19). However, evidence from radioligand binding studies 
shows chronic treatment with tricyclic antidepressants to down- 
regulate 5-HT 2 receptor sites, with little or no effect on 5-HT~ sites 
(14,19). Although this is in apparent contradiction with the above, 
radioligand binding studies investigating the effects of antidepres- 
sant treatment on specific 5-HT receptor subtypes are lacking at 
this time. In addition, it is not yet clear which 5-HT receptors 
mediate the prolactin and corticosterone release (18). Neverthe- 
less, it should also be remembered that decreases in receptor 
number need not imply a functional subsensitivity (14). 

Unlike prolactin, m-CPP-induced increases in corticosterone 
were found to be significantly blunted in both short-term and 
long-term clomipramine-treated animals. One possible explana- 
tion may be that potentiation of noradrenergic function by the 
desmethyl metabolite of clomipramine is responsible for this 
observed attenuated corticosterone response. Desmethylclomi- 
pramine is a potent noradrenaline uptake inhibitor (9) and there is 
some evidence that the secretion of adrenocorticotropic hormone 
(ACTH) is influenced by an excitatory mechanism involving 
ct-adrenoceptors and an inhibitory mechanism involving 13-adrenoceptors 

(4). Alternatively, there may be either a differential regulation of 
these two hormones by the serotonergic mechanisms or indeed 
different 5-HT receptor subtypes may be mediating different 
neuroendocrine functions (18). 

There are a variety of clinical and animal studies demonstrating 
a differential effect of long-term antidepressant treatment on 5-HT 
agonist-induced neuroendocrine changes. Thus, long-term treat- 
ment with tricyclic antidepressants potentiates L-tryptophan-induced 
increases in prolactin (3), but attenuates 5-hydroxytryptophan 
(5-HTP)-induced increases in cortisol (13) in depressed patients. 
In normal subjects, long-term lithium treatment potentiates L- 
tryptophan-induced increases in prolactin but not growth hormone 
(5). In rats, long-term clorgyline treatment attenuates m-CPP's 
effect on prolactin but not on corticosterone, whereas short-term 
clorgyline treatment attenuates m-CPP's effect on corticosterone 
but not on prolactin (1). In another study, repeated electroconvul- 
sive shock treatment potentiated 5-HTP's effect on corticosterone 
(17) but not on prolactin (12). These findings together suggest that 
adaptational consequences of long-term treatment with various 
antidepressants are not equal throughout the brain and depend 
more specifically on changes induced within the brain areas 
influencing that particular paradigm. 
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