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antipsychotic drugs. PHARMAC. BIOCHEM. BEHAV. 4(3) 279-282, 1 9 7 6 . -  The behavioral effects (tremors, tail 
erection, increased motility) of intracerebrally injected TRF are enhanced by pretreatment with chlorpromazine, reserpine 
and sulpiride; haloperidol does not exert appreciable effects. L-Dopa attenuates or abolishes the potentiation. 
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THE recent isolation, characterization and synthesis of 
some hypothalamic releasing factors has led to numerous 
investigations on their biological activity. Several reports 
indicate that the thyrotropin-releasing factor (TRF), in 
addition to its effect on the pituitary-thyroid axis, has 
other sites and mechanisms of action which merit consider- 
ation. In mice and rats, TRF, administered intracerebrally 
in minute amounts ( 1 0 - 2 0  gg), stimulates motor activity, 
induces tremors and tail lifting (Straub reaction) [5,17]. 
The same excitatory syndrome could be obtained in rats 
and rabbits by parenteral administration of much higher 
doses ( 3 - 2 5  mg/kg) [5, 11, 16]. Moreover, TRF enhances 
the stimulant properties of L-Dopa and of 5-hydroxy- 
tryptophan in pargyline-pretreated mice and rats and 
antagonizes the depressant actions of pentobarbital and 
alcohol [4, 8, 15]. Interactions with other centrally acting 
drugs have also been studied. According to Breese et al. [4] 
the LDs0 of pargyline, chlorpromazine, desipramine and 
phenelzine in mice is not affected by TRF pretreatment, 
while Kruse [ 10] reports that in mice and rabbits the acute 
toxicity of neuroleptics, antidepressants and of various 
other drugs (amphetamine, caffeine, scopolamine, strych- 
nine) is substantially enhanced by TRF. 

The present study was undertaken to evaluate the 
influence on the behavioral effects of TRF in pretreatment 
with chlorpromazine, reserpine, sulpiride, haloperidol. It is 
known that the spectrum of pharmacological activities of 
these compounds includes effects on the diencephalic 
centers, therefore an interaction with TRF would be 
expected. 

METHOD 

A total of 300 Swiss mice, weighing 2 0 - 3 0  g, were used. 

TRF was diluted in water and administered intracerebrally 
according to the method of Haley and McCormick [7] ; the 
maximum amount of liquid injected was 10 ul. Chlor- 
promazine, sulpiride and haloperidol were injected intra- 
peritoneally 1 or 2 hr before the administration of TRF; 
reserpine was injected 12 hr before TRF. The behavioral 
observations were carried out on groups of 5 animals placed 
in large Plexiglas cylinders 20 min before and immediately 
after treatment. Every group of TRF-treated animals had its 
own control group, injected with the same amount of 
solvent. The mice were observed every 10 min for as long as 
2 hr for the presence of tremors, Straub tail phenomenon, 
motility, as well as reactivity to external stimuli (hand clap, 
touch) and aggressive and stereotypic behavior. In order to 
q u a n t i f y  the intensity of the response the various 
symptoms were evaluated as follows: tremor and hyper- 
reactivity to external stimuli were scored +1 (moderate), +2 
(marked) and +3 (very marked); Straub tail phenomenon 
was scored +1 (tail in extended position), +2 (tail in vertical 
positions) and +3 (tail extended horizontally in rostral 
position). Spontaneous motility was scored assigning 0 
when spontaneous motility was absent, +1 to the animal 
showing slowness, +2 when the motility was apparently 
normal, +3 when stereotypic behavior (licking, self groom- 
ing, circling movements) was prevalent and +4 when 
increased motility, jumping, running, were present. 

RESULTS 

Behavioral Effects o f  Intracerebrally lnjected TRF 

Ten groups of 5 mice each were used to assess the effects 
of TRF, which was administered in doses of 2, 10 and 20 
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FIG. 1. Influence of chlorpromazine pretreatment on the behavioral effects of TRF (20/~g) in mice. In the graphs are charted the results 
obtained in the 3 behavioral tests used in the present experiments, see text for details. The tremors are slightly potentiated while the 
Straub response is markedly enhanced. The motor depression caused by chlorpromazine is reversed by TRF; in the mice treated with 25 

mg/kg of chlorpromazine there 

~g/mouse. There was no noticeable difference in the 
response of mice to 10 and 20 ug. A few min after the 
administration, the animals exhibited a slight increase in 
motility with occasional running and jumping; moderate 
tremors and a Straub reaction were also present. The dura- 
tion of these effects varied from I0 to 30 min. Two ug did 
not induce behavioral alterations different from those 
observed in mice injected with 10 ~1 of water intra- 
cerebrally. These animals reacted to the injection with a 
few jumps and running fits which never lasted longer than 
2 - 3  min. 

Effects of Pretreatment with Antipsychotic Drugs on the 
Behavioral Actions of  TRF 

Chlorpromazine. Chlorpromazine, in doses of 5, 15 and 
25 mg/kg was administered respectively to 2 groups of 5 
animals each. The animals in 2 additional groups were 
treated with saline. The chlorpromazine-treated animals 
developed a behavioral depression which was directly 
related to the dose. One hr later, 20 ug of TRF was 
administered. A few min later the animals treated with the 
highest dose of chlorpromazine'exhibited a fine tremor of  
the paws and a +3 Straub reaction. Although the animals 
were incapable of coordinated movements, they started 
walking around the cage. Moreover, 4 0 - 6 0  min after TRF 
treatment, there was a return of spontaneous activity with 
occasional running and jumping. The groups treated with 5 
and 15 mg/kg of chlorpromazine exhibited after TRF 
enhancement of Straub reaction and antagonism of motor 
depression, but not augmentation of tremors (Fig. 1). 

The intracerebral administration of 10 ug of TRF to 2 
groups of  mice pretreated with chlorpromazine (25 mg/kg) 
induced ataxic walking, tremors and Straub tail phenom- 
enon. The intensity and duration of the response was 
reduced when compared with manifestations induced by 20 
ug of TRF. Also, the delayed enhancement of motility did 
not appear. TRF in the dose of  2 ug did not exert notice- 
able influence on the behavior of animals in 3 groups 
pretreated with 5, 15 and 25 mg/kg of chlorpromazine 
respectively, whose depression lasted as long as 6 hr. In this 
respect there was no difference with the chlorpromazine- 
pretreated animals who received an intracerebral injection 
of the solvent alone. 

is also a late phase of excitation. 

Sulpiride. Sulpiride, in doses of 10, 20 and 50 mg/kg was 
administered respectively to 2 groups of 5 mice each. The 
animals in 2 additional groups were treated with saline. No 
influence on gross behavior was exerted by these doses of  
sulpiride. One hr later, half of the groups received 20 ug of 
TRF and the other half was treated with the solvent. Of the 
various symptoms induced by TRF, only the tremors were 
enhanced by sulpiride. In the animals treated with the 
highest dose, the tremors lasted for 90 rain (Fig. 2). The 
same experiment was performed using 10 ug of  TRF; also 
with this dose potentiation of  the tremors was present. 
Intracerebral administration of the solvent did not induce 
any symptom in the sulpiride-treated animals. 
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FIG. 2. Effects of various doses of sulpiride on the tremors induced 
by 20 gg of TRF. Potentiation of the tremors is already evident 
after pretreatment with 10 mg/kg of sulpiride and is maximal with 

50 mg/kg~ 

Reserpine. Eight groups of 5 mice each were treated 
with 5 mg/kg of  reserpine; 12 hrs later all the animals were 
inactive and unresponsive. TRF, in doses of 2, 10, and 20 
ug, was injected in 2 groups of 5 mice each, while the last 2 
groups received the solvent alone. In reserpine-pretreated 
animals, the intracerebral injection of 20 ug of TRF 
induced intense tremors lasting for about 2 hr and a short 
lasting return of  motor activity was also observed (Fig. 3). 
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FIG. 3. Effects of reserpine on the behavioral symptoms induced by 
TRF. Intracerebral administration of 20/~g of TRF induces a short 
lasting reversal of the motor depression induced by reserpine and a 
marked potentiation of the tremors. For control response to TRF 

cf. Fig. 1. 

Potentiation of tremors was also noticed in the animals 
treated with 10 and 2 #g of TRF and with the solvent 
alone. In this latter group, the tremors were less intense 
than those observed in TRF treated groups. 

Haloperiodol. The intraperitoneal injection of l, 2 and 5 
mg/kg of haloperidol induced a behavioral depression which 
was quantitatively related to the dose. One or 2 hrs after 
the haloperidol pretreatment TRF (20 ug) was adminis- 
tered. The resulting effect of this combined treatment was 
an increase in the duration but not in the intensity of the 
tremors. 

Effects o f  L-Dopa. In a subsequent experiment, the 
influence of L-Dopa on the potentiation of the behavioral 
effects of TRF exerted by chlorpromazine, reserpine and 
sulpiride was examined. Three groups of 5 animals each 
were treated respectively with chlorpromazine 25 mg/kg, 
reserpine 5 mg/kg and sulpiride 20 mg/kg. Thirty min 
before administration of TRF (20 zg) the animals received 
100 mg/kg of L-Dopa intraperitoneally. L-Dopa abolished 
the motor excitation observed immediately after the 
administration of TRF in chlorpromazine pretreated mice 
and significantly reduced the Straub phenomenon. How- 
ever, it had no effect on the tremors induced by TRF. The 
administration of L-Dopa to animals pretreated with 
sulpiride completely antagonized the tremors induced by 
TRF. The same antagonism, but less marked, was exerted 
by L-Dopa against the tremors induced by TRF in 
reserpine-treated mice. 

DISCUSSION 

The mechanism of the excitant action of TRF has not 
been determined; however, several data indicate that TRF 
could induce these effects independently from its pituitary 
influence. For example, pharmacological studies indicate 
that L-Dopa potentiation is induced by TRF also in 
hypophysectomized animals and radioimmunoassay meth- 
ods have revealed that TRF is a normal constituent of 
extrahypothalamic brain tissue [ 18]. These findings suggest 
that TRF may have other functions in brain, besides that of 
regulating the release of hypophyseal hormones. 

In the present experiments, the behavioral effects of 
intracerebrally injected TRF were found to be enhanced by 
pretreatment with some neuroleptic drugs: reserpine, 
chlorpromazine and sulpiride, while haloperidol did not 

exert any appreciable effect. This enhancement had a 
certain specificity in regard to the various symptoms 
induced by TRF; the Straub reaction was much more 
evident and lasted longer after chlorpromazine pretreat- 
ment, while tremors were potentiated and prolonged by 
sulpiride and reserpine. 

The enhancement of the tremors cannot be attributed to 
a lowering in body temperature, which has been reported 
by Metcalf [ 13] in cats treated with intraventricular injec- 
tions of TRF. In mice, 10 and 20 ~g of TRF induce only a 
slight lowering (1-1 .5°C)  in rectal temperature. This 
lowering is not potentiated by pretreatment with sulpiride, 
haloperidol, or reserpine. The latter drug induces hypo- 
thermia in mice ( 7 - 8  ° C), which is reversed by the adminis- 
t r a t ion  of TRF (unpublished observations from this 
laboratory). 

Several hypotheses can be advanced to explain this 
potentiation, related to the sites and mechanism of action. 

The spectrum of activities o f  antipsychotics includes 
effects on the diencephalic centers, where the maximal 
concentration of TRF has also been found [3,18]. The 
endocrinological effects observed both in animals and in 
men after the administration of chlorpromazine and 
reserpine have been attributed to an influence of these 
drugs on the monoaminergic neurons involved in the 
control of hormonal secretion from the pituitary. Clin- 
ically, sulpiride has antipsychotic properties with a strong 
thymoanaleptic component [2];  this drug has many 
pharmacological properties in common with the classical 
neuroleptics (amphetamine and apomorphine antagonism, 
inhibition of operant behavior, induction of catalepsy) and 
in addition has strong effects on the neuroendocrine system 
[ 12]. One is therefore tempted to relate this potentiation 
to an effect of these drugs on the neural hypothalamic 
systems related to release of the hypothalamic factors, 
which, in addition to pituitary stimulation, have other 
central actions. The fact that L-Dopa is able to abolish or to 
attenuate the potentiation exerted by these drugs can also 
be considered in favour of this hypothalamic mechanism. 
These experimental data have their counterpart in some 
results obtained in humans [ 14] which demonstrated that 
the inhibitory effects of chlorpromazine on the release of 
the prolactin inhibiting factor (PIT) can be reversed by 
administration of L-Dopa. 

In our experimental conditions haloperidol exerted only 
a slight potentiating effect on TRF, consisting of a pro- 
longation of the duration of the tremors. It should be noted 
in this connection that, among the drugs tested, haloperidol 
is the compound which as the strongest blocking effects on 
dopaminergic receptors. The potentiation might not be 
correlated with the amine-blocking properties of the 
neuroleptic drugs but rather with a more general influence 
on the hypothalamus and/or other brain centers. For 
instance, Schenkel-Hulliger et al. [ 16] and Breese et al. [4] 
have reported an enhancement of TRF induced tremors 
also in pentobarbital-pretreated animals. 

With regard to the mechanism of action, biochemical 
and neurophysiological findings have been reported which 
indicate that TRF in high doses enhances the turnover of 
NE in the brain of rats [6,9]. This activation of the 
noradrenergic system might be the cause of the excitatory 
syndrome caused by TRF in various animal species. Among 
the effects of neuroleptic drugs on the biochemical systems 
connected with the monoaminergic neurons there is an 
increase in monoamines turnover and a block of the uptake 
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f rom the  te rmina ls  (cfr. 1). The  observed p o t e n t i a t i o n  
could be  a t t r i b u t e d  to an addi t ive  ef fec t  on  the  n e u r o n a l  
act ivi ty  o f  the  m o n o a m i n e  sys tem in the  brain.  The  L-Dopa 
an t agon i sm of  the  p o t e n t i a t i o n  could  be due  to  an inhibi -  

t i on  o f  the  e n h a n c e d  t u rnove r  t h r o u g h  a f eedback  process,  
o r ig ina ted  by the  presence in excess of  one  or  more  
c o m p o n e n t s  o f  the  b i o s y n t h e t i c  chain.  
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