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lh~'ral~ettti¢' do,~'.s ~![' chlorimipramim, c m  the twhavioral a¢'tiott ~[' a,~,,o/~ixl.s arid a~tta,~,,o/tist.s ~[' serolo/tin i~l male rat.~. 
PHARMACOL B1OCHEM BEHAV 19(2) 193-197, 1983.--Locomotor activity and hole-board exploration (frequency and 
time spent head-dipping) weFe impaired in male rats by injecting IP the 5-HT agonists, fluoxetine and 5-HTP. This 
tre~tment produced also myoclonus and increased the time spent resting during trials. The chronic ingestion of chlorimip- 
famine ICIM) or the injection of the 5-HT receptor blocker, methysergide ( 15 mg/kg) prevented the action of the 5-HT 
agonists on locomotion and resting and blocked ~he appearance of myoclonus. Both, CIM and methysergide prevented to a 
minor degree the fluoxetine-5-HTP-induced decrease of exploration. The chronic ingestion of CIM clearly potentiuted the 
effects of methysergide on hole-board exploration. Results suggest that lhe chronic treatment with therapeutic doses of 
C1M reduces the functional aclivity of some 5-HT systems in the brain of the rat, probably by blockade of post-synaplic 
5-HT receptors. This does not preclude, however, that CIM may also alter some NA systems. 

Chlorimipramine Fluoxetine 5-HTP Locomotion Exploration Rat 

B R A I N  serotonin (5-HT) part icipates in the regulation of  
behavior  [1, 2, 3, 22] as well as in some sensory [17,23] and 
motor  mechanisms [18]. Injection of  5-hydroxytryptophan 
(5-HTP) or  MAOI and t ryptophan was found to produce 
s tereotyped hyperact ivi ty  [10,15] and myoclonus  [5,14]. It 
was shown recently that myoclonus  is mediated by 5-HT 
neurons and would not involve a ca techolamine  link [16,20]. 
On the contrary,  the s tereotyped hyperact ivi ty  would be 
mediated by ca techolamines ;  this alteration is antagonized 
by cr-MPT but not by the 5-HT blockers  [7,8]. Aprison and 
Hingtgen [3] showed that the effect  o f  injecting 5 -HTP into 
rats is to cause a type of  hypoact ivi ty .  Such effect would be 
mediated also by 5-HT neurons;  it is blocked by methyser-  
gide, a postsynapt ic  b locker  of  5-HT and is potentiated by 
f luoxetine,  a specific 5-HT agonist  [24]. Recent ly ,  it was 
found that the acute t rea tment  with the ant idepressant  drugs 
mianserin,  amitrypti l ine,  imipramine and iprindole resulted 
in blockade of  the 5-HTP-induced behavioral  depression 
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[24]. It was postulated that these drugs can act as antagonists  
of  5-HT at the postsynapt ic  5-HT receptors  [I 3,24]. Growing 
ev idence  suggests that 5-HT neurons are involved in human 
depress ion as well as in the mechanism of  action of  some 
ant idepressant  drugs [2, 4, 21, 22, 26]. Inasmuch as clinical 
usage o f  ant idepressants  involves  chronic t reatment ,  an 
analysis of  the effects  of  chronic administrat ion of  chlorimip- 
famine (C1M) might be o f  interest.  It is known that chlor- 
desipramine,  the major metabol i te  of  CIM,  is a potent  norad- 
renaline (NA) uptake inhibitor [29]. In the rat, however ,  CIM 
would not be demethylated to its secondary amine metabolite 
[25]. The chronic  ingestion of  therapeutic doses of  CIM 
causes  hyperact ivi ty  and blocks the behavioral  inhibition 
produced by a mild stress in male rats [27]. These  findings 
were  tentat ively associated to an inhibitory action of  CIM on 
some central 5-HT systems.  However ,  exper iments  combin-  
ing chronic CIM with 5-HT agonists and antagonists  were 
not performed.  In the present  report  IP injections of  
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FIG. 1. Myoclonic syndrome test. Each value is the mean~S.E.M. 
of 15 observations for ~ ,  ~ and * and 10 observations for • and ~. 
~:  flnoxetine and 5-HTP ipiected rms. ~:  saline injected controls. 
• : CIM-fluoxetine-5-HTP rats. ~: Methysergide-fluoxetine-5-HTP 
rats. ~:  CIM-methysergide-fluoxetine-5-HTP injected animals. Ar- 
rows: at rain 0 ~nd 60: first and second injection. 

f luoxet ine and 5-HTP were  used to analyze the effect  of  
acute  st imulation o f  the 5-HT neurons  on hole-board 
locomot ion  and explora t ion in normal rats (Exper iment  1) 
and in rats chronical ly t reated with therapeut ic  doses  of  C1M 
(Exper iment  2). Also,  to obtain further  clarification, groups 
of  controls  and CIM-t rea ted  rats were  injected with 
methyserg ide  and f luoxet ine prior  to a 5-HTP injection (Ex- 
per iment  3). 

METHOD 

Male rats (Hol tzman strain) weighing 200-230 g were  
used. These  were  housed in groups  of  5 in stainless steel 
cages (40×27×20  cm) and maintained at 23 + _ I°C with 14-hr 
lights 10-hr dark cycle,  with lights on at 6.00 hr. Food  and 
water  were  available ad lib. All inject ions were per formed 
be tween  10.00 and 12.00 hr and the animals were  tested be- 
tween 12.30 and 14.00 hr. 

Experiment I 

Rats were  al located in 2 groups:  saline controls  (15 
animals) and f luoxet ine-5-HTP exper imenta ls  (15 animals). 
F luoxe t ine  ( 10 mg/kg) was injected IP 60 rain before  injecting 
IP 30 mg/kg o f  5 -HTP according to Clemens  et al, [6]. Both 
drugs were  dissolved in 0.9% saline and the vo lumes  injected 
were  0.4 ml/100 g. Control  animals rece ived  equal  vo lume IP 
inject ions of  0,9% saline. 

Experiment 2 

Fifteen rats were  provided  with tap water  containing 25 
mg/kg of  CIM. The amount  of  drug ingestion was about  3 
mg]kg/24 hr. As repor ted  previously ,  [28] this was calculated 
from the mean amount  o f  water  intake/24 hr. Af te r  30 days of  
CIM ingestion the rats were  submit ted to f luoxetine and 
5-HTP injections as descr ibed in Exper iment  1. 

Experiment 3 

A group of  20 CIM-t rea ted  animals and 10 controls  were  
injected IP with a mixture  of  methysergide  ( 15 and 30 mg/kg) 
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FIG. 2. Hole-board test. Scores of locomotion (means+S.E.M, of 
the number of animals within columns). C: saline-injected controls. 
I: Fluoxetine and 5-HTP injected rats. 2: same treatment in C1M 
ingesting rats, 3: Methysergide (15 mg/kg)-fluoxetine and 5-HTP in- 
jections. 4: the same treatment in CIM ingesting rats, *p<0.05, 

and f luoxetine (10 mg/kg); 60 min later they were injected IP 
with 5-HTP (30 mg/kg). 

Apparatus and Tests 

(a) Myochmic syndrome test. Myoclonus  was evaluated 
in control  and exper imenta l  rats as descr ibed by Trulson et 
al. [31]. Immedia te ly  before  and after each injection, the 
spontaneous  behavior  o f  the individual rats was observed  
during 10 min in a cage similar to the home cage. Each 
animal was evaluated on a scale of  1 to 5 for the presence of  
head- twi tches ,  hind limb adduction,  forepaw treading, 
straub tail and rigidity. Results  in Fig. 1 represent  the 
summed scores for each 10 min period of  observat ion.  Myo- 
clonus was evaluated also during the hole-board test. 

(b) Hole-board test. The arena was a square surface 
( I . 0×1 .0  m) with 35 cm high walls painted black. The floor 
was of  black plastic marked off  in 20 × 20 cm squares.  A total 
o f  16 holes, each 2 cm in diameter ,  were regularly spaced 20 
cm apart  from one another.  The field was placed 10 cm 
above  the f loor of  the room. A single 40 W white lamp was 
suspended over  the center  of  the field 2.8 m from the floor. 
All rats were  tested 60 rain after the second IP injection. 
They  were placed singly in the center  of  the hole-board for a 
5 min trial. The number  of  squares entered complete ly  by 
each rat was scored as locomotor  activity.  The f requency of  
head-dips and the time spent  head-dipping were  scored as 
explorat ion.  Resting,  i .e.,  the time spent without performing 
any activity,  was also scored.  At the end of  the trial the rat 
was r emoved  from the hole-board and the field wiped clean. 

Statistics 

All variables were  parametr ics  according to the Kol- 
mogorov  and Smi rnov ' s  test  of  goodness  of  fit. The  signifi- 
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FIG. 3. Hole-board test. Frequency (N °) and time-spent (sec) 
head-dipping (means+S.E.M.). For explanation of columns and 
number of animals: see Fig. 2. Stars on column C: p<0.01 compared 
to groups 1 to 4. *p<0.05 and **p<0.01 compared to the column 
pointed by arrows. 

cance of the difference of the mean was obtained by the 
ANOVA one way test and Duncan's  multiple range test. A 
level of probability of less than 0.05 was considered statisti- 
cally significant. 

RESULTS 

~\~periment I. lff.'['ect of Fluoxetine attd 5-HTP Treatment 

(a) Myoclonie syndrome test. As soon as 3.6_+0.5 min 
after injection of fluoxetine the myoclonic syndrome scores 
were significantly higher than controls (Fig. 1). Immediately 
before the 5-HTP injection the syndrome scores approached 
those of the control animals but scores rised significantly at 
min 4.2-+0.69 after 5-HTP injection (Fig. 1). The IP injection 
of 5-HTP induced rubescence of the ears, paws and tail from 
min 4.0_+0.5 after injection up to the end of the experiment 
(65 min). 

(b) Hole-board test. In the hole-board trials performed 60 
min after that fluoxetine-5-HTP treatment was completed, 
the treated animals and the control rats showed similar 
myoclonic syndrome scores (results are not shown). Figure 2 
shows that fluoxetine-5-HTP injections resulted in a signifi- 
cant decrease in the scores of locomotion and exploration. 
The treated animals approached and walked between and 
over the holes, as did the controls, but their head-dips were 
scarce. Figure 3 shows that fluoxetine-5-HTP rats displayed 
less frequency of head-dips (p<0.01) and less time spent 
head dipping (p<0.01) than controls. The time spent resting 
increased significantly in the treated rats (C: 34.5_+11.65; 
fluoxetine-5-HTP: 106.1 _+ 19.21, p<0.01). 

Experiment 2. EJ.[~,ct o f  Fluoxetine-5-HTP Injections in Rats 
Submitted to Chronic Ingestion o f  CIM 

(a) Myochmic syndrome test. The chronic ingestion of 
CIM prevented the increase of the myoclonic syndrome 
scores induced by the injection of the 5-HT agonists. Figure 

1 shows that the syndrome scores in these animals were 
similar to controls. Rubescence of ears, paws and tail was 
prevented as well. 

(b) Hole-board test. Figure 2 illustrates that CIM pre- 
vented the inhibitory action of fluoxetine- and 5-HTP injec- 
tions on hole-board locomotion. The CIM treatment pre- 
vented to a minor degree the fluoxetine-5-HTP-induced 
blockade of exploration (Fig. 3). Scores of exploration of 
CIM animals were significantly lower than controls 
(p<0.01). However, if exploration scores of CIM- 
fluoxetine-5-HTP rats and fluoxetine-5-HTP rats are com- 
pared, it can be observed that chronic CIM enhanced signifi- 
cantly the frequency of head-dips (p<0.01) but not the time 
spent head-dipping. CIM fully prevented the effect of 
fluoxetine-5-HTP injection on the time spent resting (C: 
34.5_ + 11.65: CIM-fluoxetine-5-HTP: 34.4_+ 13.58). 

Experiment 3. Efl'ect of Methysergide on the Behavh)ral 
Response to Fluoxetine and 5-HTP l~]eetions in Control and 
CIM Treated Rats 

(a) Myoelonic syndrome test. The injection of either 15 
and 30 mg&g methysergide prevented the increases of the 
myoclonic syndrome scores produced by fluoxetine and 
5-HTP (see Fig. 1) in both normal and CIM treated rats. 
Rubescence was also prevented by methysergide. 

(b) Hole-board test. Both locomotion and exploration 
were normal in the animals injected with 30 mg/kg 
methysergide in addition to fluoxetine and 5-HTP (Locomo- 
tion: C: 60.7~6.34; methysergide: 63.6~5.53. N ° of head- 
dips: C: 7.8+1.2; methysergide: 6.9~1.93. Time s ~ n t  
head-dipping: C: 20.7~4.66; methysergide: 21.6~5.84). The 
time spent resting substantially decreased if compared to the 
animals treated with fluoxetine-5-HTP only (Fluoxetine-5- 
HTP: 106.1 + 19.21 ; methysergide-fluoxetine-5-HTP: 
53.2+ 12.27, p<0.01). 

The CIM treatment did not modify the protective action 
of 30 mg/kg methysergide against the effect of the 5-HT 
agonists on hole-board locomotion and exploration. 
Methysergide, in the lower dose of 15 mg/kg fully prevented 
the effect of the 5-HT agonists on locomotion (Fig. 2). In 
these rats, however, the scores of exploration (Fig. 3) re- 
mained lower than controls ~<0.01) ,  though the frequency 
of head-dips was significantly higher than in the animals in- 
jected with fluoxetine-5-HTP only q~<0.01). Methysergide in 
doses of 15 mg/kg prevented also the effect of fluoxetine-5- 
HTP on the time spent resting (C: 34.5~ 11.65; methysergide: 
56.7~ 11.78). The chronic treatment with CIM clearly poten- 
tiated the effect of 15 mg/kg methysergide on hole-board 
exploration. Figure 3 shows that for CIM treated rats both 
frequency and time spent head-dipping were significantly 
higher (p<0.05 and p<0.01 respectively) but did not reach 
control levels. The time spent resting in CIM treated rats was 
similar to controls ~C: 34.5~11.65; CIM-methysergide: 
31.5+ 12.62). 

DISCUSSION 

Fluoxetine is a selective blocker of 5-HT uptake into 
5-HT neurons [11] but produces a reduction in tryptophan 
hydroxylase activity which results in an inhibition of 5-HT 
synthesis [12] and decreases neuronal impulse flow I6]. 
When 5-HTP is given to rats pretreated with fluoxetine the 
tryptophan hydroxylase step in 5-HT synthesis is circum- 
vected and more 5-HT would be available at serotonergic 
synapses. Consistently, the behavioral depression produced 
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by 5 -HTP in jec t ion  is po ten t i a t ed  by f luoxet ine  [24,26]. 
In expe r imen t  1, the rats  submi t t ed  to f luoxe t ine -5 -HTP 

in jec t ion d i sp layed  the  typical  m y o c l o n u s  desc r ibed  by  o the r  
au tho r s  [5, 14, 18]. This  s y n d r o m e  was  induced  by bo th  5-HT 
agonis ts  and appea red  shor t ly  af ter  in jec t ions .  It was  pre- 
v e n t e d  by me thyse rg ide  in doses  of  15 and 30 mg/kg. T h e s e  
resul t s  thus  suppor t  p rev ious  ev idence  on  the  se lec t ive  re- 
spons ib i l i ty  of  the  5 -HT neu r ons  in the m e c h a n i s m  of  the 
myoc lon ic  s y n d r o m e  [8,20]. The  fact  tha t  C I M was also ef- 
fec t ive  to p reven t  the myoc lon ic  s y n d r o m e  induced  by the 
5 -HT agonis ts  suppor t s  the  specu la t ion  tha t  a chron ic  treat-  
men t  wi th  the rapeu t i c  doses  of  CIM induces  also a 
pos t synap t i c  b lockade  of  5 -HT in rats.  This  resul t  agrees  
wi th  p rev ious  o b s e r v a t i o n s  on  the ac t ion  of  acute  doses  of  
some tr icycl ic  and  te t racycl ic  a n t i d e p r e s s a n t s  [13, 24, 26]. 

It has  been  repor ted  tha t  the  in jec t ion  of  5 -HTP and  
f luoxet ine  causes  hypoac t iv i ty  in rats  [3, 20, 24]. Such  
hypoac t iv i ty  has  been  t empora l ly  co r re l a t ed  with an increase  
of  5-HT in specif ic  bra in  areas  but  no t  wi th  changes  in cate-  
c h o l a m i n e  levels  [3]. In the  p re sen t  s tudy the f luoxet ine  and 
5 - H T P  t r e a t m e n t  impai red  locomot ion ,  subs tan t ia l ly  r educed  
ho l e -boa rd  exp lo ra t ion  and  inc reased  the  t ime spent  rest ing.  
This  behav io ra l  inhib i t ion  would be a c o n s e q u e n c e  of  
e n h a n c e m e n t  o f  the 5-HT n e u r o n  act ivi ty  s ince,  it was  fully 
p r e v e n t e d  by  me thyse rg i de  in doses  of  30 mg/kg. The  effect  
of  the  5-HT agonis ts  on  l o c o m o t o r  ac t iv i ty  was  b locked  also 
by me thyse rg ide  at the  lower  dose  of  15 mg/kg and  to a minor  
ex t en t  by the ch ron ic  admin i s t r a t i on  of  CIM.  H o w e v e r ,  ex- 

p lora tory  act ivi ty  in these  an imals  r ema ined  lower  than  con-  
trols.  There fo re ,  a s t ronger  b lockade  of  se ro tonerg ic  s t imu- 
la t ion appea r s  n e c e s s a r y  for a full r e s to ra t ion  of  explora t ion .  
Dis t inc t ion  b e t w e e n  exp lora t ion  and locomot ion  is widely 
accep ted ;  it has  been  sugges ted  tha t  a l te ra t ions  of  explora-  
t ion may have  di f ferent  pharmaco log ica l  bases  f rom altera- 
t ions  of  l ocomot ion  [9]. Wi thou t  minimiz ing  the  i nvo lvemen t  
of  5-HT in locomot ion ,  it is poss ible  tha t  se ro tonerg ic  
n e u r o n s  might  play a more  signif icant  role in modula t ion  of  
exp lora t ion  than  in the regula t ion of  locomot ion .  This  specu-  
lat ion co r re la t e s  with  the  f inding tha t  les ions of  the  median  
raphe  5-HT cells induced  by 5 ,6-DHT did not  affect locomo-  
tor  act ivi ty  in rats  [19], but  requi res  fu r the r  analysis .  

Despi te  the  di f ferent  quan t i t a t ive  effects  of  the chron ic  
CIM t r e a t m e n t  on locomot ion  and exp lo ra t ion  it is c lear  that  
C l M  t rea ted  rats were  less r e spons ive  to the behav iora l  in- 
h ibi tory  ac t ion of  the 5-HT agonis ts .  Moreover ,  the CIM 
t r ea tmen t  c lear ly po ten t i a t ed  the effect  of  the  5-HT 
pos t synap t i c  b locker ,  me thyse rg ide  w h e n  used in the dose  of  
15 mg/kg. These  f indings  suppor t  the  specu la t ion  that  the 
chron ic  t r e a t m e n t  with the rapeu t i c  doses  of  C1M reduces  the  
funct ional  act ivi ty  of  the  5-HT sys t ems  in the  brain  of  the rat.  
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