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HU1DOBRO-TORO, J. P., A. SCOTTI DE CAROLIS AND V. G. LONGO. Action of  two hypothalamic factors (TRH, 
MIF] and of  angiotensin H on behavioral effects of L-DOPA and 5-hydroxytryptophan in mice. PHARMAC. BIOCHEM. 
BEHAV. 2(1) 105-109, 1974. - Melanocyte stimulating hormone release-inhibiting factor (MIF), thyrotropin 
releasing hormone (TRH) and angiotensin II, injected i.p. to mice, potentiate the behavioral effect of L-DOPA and 
5-hydroxytryptophan. 
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ONE OF THE pharmacological tests used in the laboratory 
for the evaluation of antidepressant drugs is the L-DOPA 
potentiation in mice [6]. Potentiation thus obtained with 
tricyclic drugs has been attributed to an inhibition of the 
norepinephrine reuptake mechanism at the nerve terminals; 
this causes a high concentration of the mediator at the 
central synaptic site, with resulting greater pharmacological 
effects. Potentiation of L-DOPA has been recently describ- 
ed for the polypeptides MIF (Melanocyte stimulating 
hormone release-inhibiting factor, [13 ] and TRH (thyrotro- 
pin releasing hormone, [151). This last compound was 
found to be clinically active as an antidepressant [ 17]. 

There is still much controversy on the biochemical 
etiology of the affective disorders, and both catecholamines 
and indoleamines have been involved. Results of Carlsson et 
al. [3] in the rat indicate that imipramine blocks in vivo the 
uptake mechanisms in central serotoninergic synapses. 
Clinical data also suggest both types of transmitters may be 
involved: patients suffering of a depressive illness improve 
following large doses of tryptophan combined with MAO 
inhibitors [4].  

The present work deals with the action of MIF, TRH 
and angiotensin II the behavioral effects of L-DOPA in 
mice. Several centrally mediated effects have been describ- 
ed for angiotensin II. Recently, Palaic and Khairallah [12] 
have demonstrated in vivo an inhibiting effect of this poly- 
peptide on norepinephrine uptake both at the central and 

peripheral synapses. The influence of these three poly- 
peptides on the behavioral effects of D, L-5-hydroxytrypto- 
phan (5 -HTP)  was also tested. In mice pretreated with 
MAO inhibitors, this compound induces head twitchings 
and whole-body tremors, ensuing 5 - 7  rain after intra- 
peritoneal injection [1]. Previous results in this laboratory 
have indicated that impairment of the uptake mechanisms 
after destruction of the serotoninergic terminals by means 
of 5, 6-dihydroxytryptamine (5, 6-DHT) leads to a potenti- 
ation of the behavioral effects of 5 HTP [ 1 1 ]. 

METHOD 

All experiments were carried out on adult white male 
mice, weighing 20 to 30 g, bred at the Institute. The 
L-DOPA potentiation test was carried out as described by 
Florio [7]. Animals were treated with pargyline 40 mg/kg 
orally, 8 hr before the administration of L-DOPA. The 
polypeptides were dissolved in distilled water, and injected 
i.p. I, 2 and 4 hr before 100 mg/kg L-DOPA i.p. The ani- 
mals were then placed in large containers, and during the 
first hour after L-DOPA injection they were evaluated every 
ten minutes by two experienced observers for the presence 
of piloerection, salivation and Straub tail phenomenon, as 
well as reactivity to external stimuli (evidenced by jumping, 
squeaking, running) and aggressive and stereotypic behav- 

1 Dr. John Biel, Abbott Labs., North Chicago kindly furnished samples of TRH and MIF. 
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ior. On the basis o f  behavioral  observat ion,  a global score o f  
+1, +2 or  +3 was assigned to each group of  animals [6] .  

There was no not iceable  difference in the results obtain-  
ed in animals iniected with the polypept ides  1, 2 or  4 hr  
before  L-DOPA, therefore  only the results obtained when 
the polypept ides  were administered 2 hr  before  are report-  
ed. 

In the 5-HTP poten t ia t ion  exper iments ,  animals were 
injected with  pargyline 20 mg/kg i.p.; two hr later the poly-  
pept ides  were administered i.p. and fol lowing an addit ional  
two hr 75 mg/kg 5-HTP was injected i.p. Visual evaluat ion 
of  the m o t o r  response presented some practical  difficulties,  
therefore  the t remors  and incoordina ted  act ivi ty induced 
by adminis t ra t ion of  5-HTP were recorded by placing small 
plastic cages containing one animal over a Grass FT-10 C 
force displacement  t ransducer  connected  to a polygraph.  
The animal 's  react ion was then rated +1, +2 or  +3 by evalu- 
ating the ampl i tude  of  the polygraph tracings (Fig. 3). 

Each exper imenta l  group had its own control ,  which 
received, instead of  the polypept ides ,  distilled water.  In 
some exper iments ,  pargyline p re t rea tment  was omi t ted  and 
the polypept ides  injected two hours before  L-DOPA, or 
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5-HTP. Solutions of  polypept ides ,  L-DOPA and 5-HTP were 
prepared immedia te ly  before use. 

R E S U L T S  

The results of  the L-DOPA poten t ia t ion  test are present- 
ed graphically in Fig. 1. By comparing the minimal  doses 
required to induce a +3 response in mice treated with 
L-DOPA, we were able to rank the eff icacy of  the com- 
pounds. MIF was the most  active (0.1 ug/kg), angiotensin II 
was the second (10 ug/kg), and TRH the least active 
( 5 0 0 - 1 0 0 0  ug/kg). When angiotensin was administered in 
doses larger than 500 ug/kg the L-DOPA potent ia t ion  was 
less prominent .  Without  pargyline pre t rea tment ,  the poten-  
t iat ion of  L-DOPA by the polypept ides  was less evident.  In 
order  to reach a score of  +2, 1 mg/kg of  MIF or 0.1 mg/kg 
of  angiotensin II were needed;  TRH,  in doses up to 
10 mg/kg had little or no effect .  

The data obtained s tudying the influence of  the three 
polypept ides  on the mo to r  effects  of  5 - H T P  are presented 
in Fig. 2. In this case, TRH was the most  active compound :  
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FIG. 1. Effect of MIF, TRH and angiotension II on the L-DOPA potentiation test. Groups of four mice were treated and 
rated as described in methods. Saline-treated mice that received pargyline and L-DOPA were rated +1. Ordinates: 

behavioral scale; abscissa: log dose in mg/kg. 
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FIG. 2. Effect of MIF, TRH and angiotensin II on the behavioral effects induced by 
5 -HTP in pargyline-pretreated mice. The animal's reaction was evaluated as 
described in methods. Saline-treated mice that received pargyline and 5 -HTP had a 

+l reaction. Ordinates: intensity of tremors; abscissa: log doses in mg/kg. 

0.1 ug /kg  i nduced  a score of  +3. As seen in Fig. 3, the  
t r emor s  i nduced  by  5 HTP in mice p re t r ea t ed  w i t h  T R H  
are more  in tense ,  arise earl ier  and  last longer  t h a n  in the  
con t ro l  animals .  Ang io t ens in  II and MIF (10 ug /kg)  induced  
scores of  +3 and +2 respect ively ,  h igher  doses did no t  pro- 
duce  any  p o t e n t i a t i o n .  The p o t e n t i a t i n g  ef fec t  of  TRH 
d isappeared  w h e n  pargyl ine  p r e t r e a t m e n t  was omi t t ed .  

DISCUSSION 

The resul ts  for  MIF and  T R H  are in accord  wi th  those  of  
P l o t n i k o f f  e t  al. [ 13,15 ], w ho  showed  these  po l ypep t i de s  
possess a p o t e n t i a t i n g  ef fec t  on  the  behav iora l  response  of  
mice to L-DOPA. We f o u n d  T RH  to  be  active in the  same 
dosage range as these  au thors ,  whereas  u n d e r  our  experi-  
m e n t a l  cond i t i ons  MIF was active at one t h o u s a n d t h  the  
dose r epo r t ed  by  P l o t n i k o f f  et  aL [ 1 3 ] .  Ang io t ens in  II 
showed  a p o t e n t i a t i n g  act ivi ty  wh ich  is b e t w e e n  the  two 
o t h e r  c o m p o u n d s  in eff icacy.  The d i sappearance  of  the  

p o t e n t i a t i o n  observed  w i th  h igher  doses of  th is  drug 
(0.5 mg/kg  and up)  may be due to a side effect ,  since 
behav iora l  depress ion  has been  descr ibed in mice receiving 
in t r aven t r i cu la r ly  1 ug of  ang io tens in  II [ 2 ] .  

Only  TRH showed  a clear cut  p o t e n t i a t i o n  of  the  behav-  
ioral  s y m p t o m s  due to 5-HTP in mice;  unl ike  the  o t h e r  two 
po lypep t ides ,  wh ich  showed  a decl ine in the  p o t e n t i a t i o n  
wi th  increasing doses,  TRH ma in t a ined  its abi l i ty  to  po ten-  
t iate 5-HTP at h igher  doses. 

The  pa t t e rns  of  5-HTP p o t e n t i a t i o n  observed wi th  TRH 
s t rongly  resemble  t ha t  ob t a ined  in mice t rea ted  wi th  5, 
6-DHT [ 11 ].  In this  case, the  increased response  was at t r i -  
b u t e d  to an impai red  up take  of  the  m e d i a t o r  due  to 
de s t ruc t i on  of  nerve t e rmina l s  caused by  5, 6 - D H T .  

In view of  the  evidence  b r o u g h t  b y  Carlsson e t  al. [3] on 
an i n h i b i t o r y  ef fec t  of  i m i p r a m i n e  on  se ro ton in  up take ,  we 
t h o u g h t  t h a t  5-HTP p o t e n t i a t i o n  could be  a c o m m o n  
p r o p e r t y  a m o n g  the  an t i dep re s san t  drugs. However ,  imipra-  
mine  (20 and 40  mg/kg)  and des ip ramine  (5, 10 and 
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FIG. 3. Representative record of the tremors induced by 5-HTP in mice. The treated animal received 1 mg/kg of TRH two hours before 
5-HTP (at the arrow). In the treated mouse, tremors appear earlier and are more intense than in the control. For details of technique, see 

text. 

20 mg/kg),  tested under  the same exper imenta l  condi t ions  
as TRH,  did not  potent ia te  the effects  of  5 - H T P .  

Since our  exper iments  were per formed in intact  mice,  
the observed effects  of  T R H  could be exer ted  through an 
inf luence on the hypophysea l - thyro id  axis. In the last few 
years, it has become  increasingly obvious that  the funct ion 
of  thyroid  gland is in t imate ly  related with  indole metabo-  
lism [ 19] ,  and enhancement  o f  the ant idepressant  act ivi ty 
of  imipramine has been repor ted  in patients treated with  
L- t r i iodothyronine  or  with TSH ( thyroid  st imulat ing hor-  
mone)  by Prange e t a l .  [16] .  Moreover,  it is known  that  
thyro id  hormones  facili tate the actions of  catechola- 
mines in bo th  peripheral  and central  synapses. Emlen et  al. 
[5] showed that  rats made hyper thyro id  wi th  thyrox ine  
showed increased sensitivity to the activating effects on 
behavior  of  NE adminis tered intraventr icular ly.  It should be 
ment ioned ,  however ,  that  b o t h  TRH and MIF are effect ive 
in the L-DOPA poten t ia t ion  test carried out  in hypo-  
physec tomized  mice [13 ,15] .  The possibil i ty of  a direct  
effect  of  the three polypept ides  at the synapt ic  sites must  
therefore  be considered.  The mechanism of  this in teract ion 
is no t  yet  clarified. For  angiotensin II, an inhibi t ion of  NE 
uptake by nerve terminals has been postulated by Palaic 
and Khairal lah [ 12].  Thoenen  et  al. [ 18] a t t r ibute  instead 
the po ten t ia t ion  of  the electrically induced cont rac t ion  of  
cat spleen by angiotensin to a receptor  sensit ization. The 
concept  that  po lypept ides  may play some role in synapt ic  
transmission is now evolving in the minds of  investigators 
engaged in this research [10] .  The present  results offer  

some leads which may be relevant to the ident i f icat ion of  
the role of  such substances in central  modula t ion .  

An interest ing fact which emerged from the present 
exper iments  is the selectivity of  po ten t ia t ion  o f  the behav- 
ioral effects  of  L-DOPA and 5 - H T P  by MIF and TRH 
respectively.  It is very suggestive that  these factors are relat- 
ed to two distinct systems. TRH,  through the thyroid 
gland, can inf luence the indoleamine metabol ism,  the o ther  
is related to the biosynthesis  of  mela tonin  and L-DOPA 
metabol ism.  

How much  this observat ion is relevant to the clinical 
effectiveness of  these drugs is hard to say at the present 
momen t .  T R H  was found effect ive on unipolar  depression 
[17] ,  while MIF has been used with encouraging results in 
parkinsonian patients [9] .  F rom the basis of  published data 
and from unpublished results f rom this laboratory  MIF has 
an an t i t remor  effect  on various exper imenta l  condit ions.  
P lo tn ikof f  e t  al. [14] repor ted  that  MIF antagonizes the 
t remors  induced by oxo t r emor ine  in mice and potent ia tes  
the effects  of  L-DOPA in reducing the central  effects  of  
oxot remor ine .  In prel iminary exper iments  we found that 
MIF antagonizes harmine-induced t remors  in the rabbit 
and, at very low doses, potent ia tes  the antagonist ic effect  
of  L-DOPA on these t remors  [8] .  F rom these observations 
it could derive that  po ten t ia t ion  of  serotoninergic system, 
as shown by enhancement  of  5 - H T P  central effects,  could 
be related to an antidepressant  effect ,  while po ten t ia t ion  of  
catecholaminergic  system would indicate antiparkinsonian 
propert ies.  
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