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AN increasing amount of  experimental and clinical evidence 
[20] that thyrotropin-releasing-hormone (TRH) may exert  di- 
rect effects on the central nervous system, has been pre- 
sented in the last few years. TRH reverses the barbiturate 
and ethanol narcosis in rodents [3,26]; potentiates both 
DOPA response in normal, hypophysectomized and 
thyroidectomized mice [24,25] and the behavioral changes 
induced by tryptophan [11] and 5-hydroxytryptophan [14]; 
and antagonizes the sedative and hypothermic actions of re- 
serpine, chlorpromazine and diazepam [17]. In a previous 
paper,  we reported that intracerebral administration of TRH 
in mice increases spontaneous motility, induces tremor,  ro- 
tational and stereotyped behavior  and counteracts the effects 
of some antipsychotic drugs [21]. 

The development of sensitive and specific immunoassays 
for quantifying TRH, in the central nervous system of the 
rat, has led to the unexpected discovery that as much as 80% 
of total brain TRH is in extrahypothalamic structures like 
thalamus, brain stem, cerebral cortex and cerebellum [16]. 

Although no significant increase or decrease in the con- 
tent of any biogenic amine was observed following TRH, it 
has been established that dopamine (DA) content is raised 
50% in mice prepared for the DOPA test [25], and that norep- 
inephrine (NE) turnover can be accelerated in the cerebral  
cortex after the administration of TRH. Behavioral evidence 
also supports the hypothetic interaction between TRH and 
CNS catecholamines [5, 20, 21]. At  present  the importance 
of an undisturbed catecholamine system for the performance 
of conditioned avoidance behavior is well known [7]. Differ- 
ent papers  have shown that activation of  CNS catecholamine 
mechanisms is involved in the acquisition of  conditioned 
avoidance response [8,23]. 

In view of the evidence presented above we decided to 
study the effect of  TRH on the acquisition of  a two-way 
avoidance conditioning and its interactons with a-methyltyro- 
sine (a-MT) and disulfiram, whose effects on the bio- 
synthesis of  catecholamines are widely known [10,19]. 

METHOD 

Subjects 

Albino male rats of our colony (Wistar origin), 90--140 
days old, 200-250 g body weight, were used. They were 
housed six to an appropriate cage in a temperature regulated 
room (23 -+ 2°C) on a 12 hr light-dark cycle and they had 
food and water  available ad lib. The rats were assigned ran- 
domly to the different control and experimental groups. 

Active Avoidance Conditioning 

As has been previously described [22], animals were 
training over  50 trials in a modified Warner  shuttle-box. 
Each trial consisted of the presentation of a buzzer (con- 
ditioned stimulus) which after 5 sec overlapped with an elec- 
tric shock (1.5 mA) to the grid on the floor (unconditioned 
stimulus), unless the animal crossed the midline barrier  as a 
conditioned avoidance response. Intertrial interval was 30 
see. 

Drugs. TRH (thyrotropin-releasing hormone or pyro- 
Glu-His-Pro-NHz; Calbiochem) was dissolved in saline 
a -MT (DL-methyl-p-tyrosine; Calbiochem), L-DOPA (L- 
desoxyphenylalanine;  Calbiochem) and disulfiram (Sigma 
Chem.) were suspended in a mixture of a phosphate buffer 
pH 6.5 and Tween 80 (10:0.2). All the drugs were adminis- 
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TABLE 1 
EFFECT OF TRH ON ACQUISITION OF A CONDITIONED RESPONSE. INFLUENCE OF 
PRETREATMENT WITH SALINE, t~-MT (60 mg/kg), a-MT + L-DOPA (100 mg/kg) AND 

DISULFIRAM (300 mg/kg) 

Treatment ICV n Conditioned responses Difference within 
IP (mean -+ SE) groups 

Saline - -  5 46.4 _+ 7.3 p>0.05 
TRH (5 mg/kg) - -  6 56.0 +- 6.7 

Saline Saline 14 44.3 _ 4.2 p<0.005 
Saline TRH 9 67.6 +- 2.8 

a-MT Saline 8 12.8 _+ 5.3* p<0.05 
ct-MT TRH 10 28.6 +_ 6.0* 

a-MT+L-DOPA Saline 8 16.0 _+ 5.9* p<0.05 
a-MT+L-DOPA TRH 9 45.1 _ 8.7* 

Disulfiram Saline 8 18.5 +_ 3.5* p<0.05 
Disulfiram TRH 6 45.0 _+ 10.7" 

*Differences with their controls receiving saline IP are significant (p<0.05). 
n=number of animals. 

tered by intraperitoneal (IP) injections in volumes of 0.1 
ml/100 g body weight, except TRH. This last drug was ad- 
ministered either IP like the others or intracerebroventricu- 
larly (ICV) through a cannula placed stereotaxically in the 
lateral ventricle. 

Schedule of Drug Administration 

Three hours before the beginning of the experiment the 
animals were injected IP with a-MT (60 mg/kg), disulfiram 
(300 mg/kg) or saline (0.1 ml/100 g). Half of the rats pre- 
treated with a-MT received also L-DOPA (100 mg/kg) 2 hr 
later. Seven minutes before the training the animals treated 
above were injected ICV with TRH (10/~g in 5/xl of saline 
solution) or saline (5 ~1) and were immediately placed in the 
conditioning box. Intraperitoneal effect of TRH was studied 
in an additional group of animals. They were injected with 
TRH (5 mg/kg) or saline 20 min before the training and 
placed in the shuttle-box 7 min before the beginning of the 
conditioning procedure. 

Statistics 

Differences between groups were assessed statistically by 
the Mann-Whitney U-test. They were considered to be sig- 
nificant when P was equal or less than 0.05. 

RESULTS 

Table 1 shows the results obtained. The percentage of 
conditioned avoidance responses is increased in the animals 
treated with TRH ICV, while the IP administration of the 
same substance does not have significant effect. 

a-MT impaired the acquisition of the conditioned re- 
sponses. This effect is not modifed by the dose of L-DOPA 
used by us. The improving effect of TRH ICV is markedly 
reduced when this peptide is administered in both groups 
mentioned above. However, in the presence of L-DOPA the 
decrease in the number of avoidance responses is smaller. 

Disulfiram also reduces the effect of TRH on the con- 

ditioned performance but this reduction is not so great as 
that observed when disulfiram is administered alone. 

DISCUSSION 

The present findings provide further evidence to support 
the hypothesis of a central action of the hypothalamic hor- 
mone TRH and its interaction with brain biogenic amines. 
Our results show that ICV administration of TRH improves 
the acquisition of a conditioned avoidance response. Never- 
theless, as has been observed by other investigators [18], this 
effect is not evident after intraperitoneal injection of the 
hormone. 

c~-MT, injected prior to training, impairs acquisition of the 
conditioned avoidance response [2] and, in our experimental 
conditions, it reduces markedly, but does not abolish, the 
improving effect of TRH on this behavior. 

ct-MT decreases brain levels of DA and NE [27], as a 
consequence of inhibiting tyrosine hydroxylase, the rate 
limiting enzyme in catecholamine synthesis [19]. One could 
expect that L-DOPA antagonizes the behavioral depression 
induced by ct-MT, but in our case the recovery was only 
partial, probably because of the dose used by us or the time 
of action. The effect of L-DOPA in reestablishing the per- 
formance level of rats pretreated with c~-MT has been studied 
by others but their results are contradictory. While some 
have failed to observe a protective effect of L-DOPA [28] 
others have reported such an effect, either partial or total [9, 
12, 23]. When TRH was administered in the animals pre- 
treated with a-MT and L-DOPA there was a notable antag- 
onism of the depressive effect of a-MT on acquisition. Also, 
pretreatment with disulfiram, a dopamine fl-hydroxylase in- 
hibitor that decreases the synthesis of NE [10], impairs con- 
ditioned behavior and antagonizes partially the facilitation 
induced by TRH. 

Our findings suggest that TRH may play a role in learning 
processes, and that, at least in part, normal brain catechol- 
aminergic levels, particularly NE, seem to be necessary for 
the behavioral effect of TRH. Several papers deal with the 
effects of TRH administration on brain catecholamines. It 
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has been shown,  for example ,  that T R H  has no significant 
effects  on endogenous  brain levels  o f  N E  or  D A  [4, 5, 15, 
25]. Biochemica l  measuremen t s  have  indicated that  T R H  
adminis t ra t ion results in a 2(~o increase in brain N E  tu rnove r  
[13] and this has been conf i rmed by his tochemical  studies 
[6]. Repea ted  exposure  o f  rats to T R H  produces  a dose- t ime 
dependen t  increase in brain s tem tyrosine hydroxylase  ac- 
tivity, suggesting that this pept ide increases  the synthesis  of  
brain ca techolamines  [1]. 

It was related that incubat ion of  rat synaptosomes  in vitro 
in the presence  of  T R H  results in increased release o f  ~H-DA 
and 3H [13]. We cannot  rule out  out  a possibil i ty o f  an effect  

of  T R H  upon pre- or  post -synapt ic  noradrenergic  receptor ,  
modifying their  sensit ivity to the endogenous  neurotransmit-  
ter.  

Fur the r  studies are obvious ly  needed  to elucidate  the 
mechan i sm of  act ion and functional  significance o f  T R H ,  and 
o ther  hypothalamic  pept ides,  in the brain. The  analysis of  
the influence of  these substances in high cerebral  funct ions 
o ther  than mere ly  pituitary control ,  and their  interact ion 
with C N S  neurot ransmit ters  and depressant  drugs could aid 
in the unders tanding of  the phys iopathology of  neurologic  
and mental  disorders.  
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