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USHIJIMA, I., Y. MIZUKI. T. HARA, K. WATANABE. H. HIRANO, M. YAMADA AND G. B. GLAVIN. EJyk, cts of 
acute and IOnlk'lterm treatments with thyrotropin-reh'asing ]u~rmone ott locomotor activity and jumping behavior in mice. 
PHARMACOL BIOCHEM BEHAV 24(5) 1423-1428, 1986.---The acute and chronic effects of thyrotropin-releasing hormone 
(TRH) on ambulation and, in combination with apomorphine, on jumping behavior were investigated in mice. A single 
administration of TRH ( 1-10 mg/kg SC) produced an initial hyperactivity in a dose-dependent manner. Following adminis- 
tration of TRH (1-10 mg/kg SC) for 21 successive days, the stimulatory effect on locomotion progressively increased. 
Haloperidol exerted a biphasic action on hyperlocomotion induced by acute and repeated TRH, i.e., stimulation at lower 
doses (0.01-0.02 mg/kg SC) and inhibition at higher doses (0.05-1 mg/kg SC). When TRH was administered in combination 
with low doses of apomorphine, locomotor activity was inhibited but jumping behavior occurred. The inhibitory effect of 
low doses of apomorphine on locomotion was shifted from doses of 0.1-0.25 mg/kg SC of apomorphine for acute TRH (10 
mg/kg) to 0.25-0.35 mg/kg for repeated TRH (10 mg/kg), whereas the stimulatory effect of higher doses of apomorphine 
(0.5-1 mg/kg SC) on locomotion tended to decrease with repeated TRH. Jumping behavior induced by the combined 
treatment of TRH and apomorphine was proportional to the dose of TRH but exhibited an inverted-U response to the dose 
of apomorphine. Chronic TRH (10 mg/kg) in combination with apomorphine (0.1-1 mg/kg SC) also produced jumping 
behavior, but the dose-response curve for apomorphine was shifted to the right. The present results suggest that repeated 
treatment with TRH in mice produces hyperlocomotion, despite attenuation of both pre- and postsynaptic receptor 
activity, and that the inhibitory effect of repeated TRH on presynaptic receptors may be more potent than that on 
postsynaptic receptors. 

Thyrotropin-releasing hormone Dopamine Dopamine receptor Presynaptic receptors 
Acute vs. chronic effects Locomotor activity Jumping behavior Mouse 

T H Y R O T R O P I N - R E L E A S I N G  hormone (TRH) stimulates 
the release of  thyrotropin [2] and prolactin [5]. T R H  is also 
thought to play an important  role as a neuropept ide  in the 
central nervous  system, as suggested by a number  of  behav-  
ioral and biochemical  studies [13,23]. 

T R H  injected into the nucleus accumbens  of  rats 
produces  dopamine-l ike locomotor  activity and behavioral  
changes [9,20]. Intraperi toneal  injection of  T R H  induces ef- 
fects similar to those observed  after central  injection of  T R H  
in rats [10,20] and in mice [32, 33, 35], i.e., initial hyper- 
locomot ion,  t remors ,  sal ivation,  Straub tail, and s te reo typy 
such as sniffing and head and forepaw movements .  Thus,  
T R H  probably exerts  a s t imulatory action on central  
dopaminergic  function,  and it is likely that the effects of  
TRH on dopaminergic  mechanisms  in rat brain are similar to 
those in mouse  brain. TRH releases dopamine  in the nucleus 
accumbens  [9,15], where there are TRH-conta in ing  fibers 

and T R H  receptors  [12,31], and does  not release it in the 
caudate nucleus [9,15]. Fur thermore ,  the drug elicits jump-  
ing behavior  when combined with low doses  of  apomorphine  
in mice [34]. Since low doses of  apomorphine  preferential ly 
act ivate the presynapt ic  inhibitory dopamine autoreceptors  
[3,28], this behavior  involves ,  in part,  the st imulation of  
presynapt ic  dopamine  au toreceptors  [34]. In addition to the 
inhibition of  dopaminergic  neurons by activating dopamine  
autoreceptors ,  the jumping behavior  involves cholinergic 
inhibition, serotonergic  inhibition, or GABAerg ic  act ivat ion 
[34,36]. F rom the results,  it is suggested that the jumping 
behavior  could be opposing the locomotor  st imulation via 
the same pathway in the nucleus accumbens  [14,36]. Fur- 
thermore ,  long-term daily administrat ion of  T R H  enhances  
locomotion and s tereotyped behavior  in animals,  
presumably  by increasing the synthesis  and release of  
dopamine  [1, 26, 32, 35]. 
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D o s e s  of TRH 

FIG. 1. Dose-response of locomotor activity induced by TRH and 
the inhibitory effects of haloperidol on TRH-induced hyperlocomo- 
tion. Mice received TRH ranging from 1 to 10 mg/kg SC for 1 and 21 
days. Haloperidol (0.5 mg/kg SC) or saline was administered 25 min 
before the 1st or 21st TRH administration. Each value shows the 
mean_+S.E, from 10 mice. (©) 1st TRH + Saline, (e)  1st TRH + 
Haloperidol, (A) 21st TRH + Saline, (A) 21st TRH + Haloperidol. 
*p<0.001; significant difference from the respective s.aline + TRH, 
**p<0.05; significant difference from 1st TRH + Saline and 
"~p<0.05; significant difference from respective Saline + Saline, 
determined by ANOVA and subsequent Tukey tests. 

It is known that the long-term t rea tment  with 
dopamine-mimet ic  drugs can result  in progress ively  aug- 
mented  or  tolerant  responses  to these  drugs. For  example ,  
repeated administrat ion of  amphetamine  results in an in- 
c reased  sensitivity to the effect  of  the drug on spontaneous  
motor  act ivi ty  and s te reo typy [16, 24, 29]. H o w e v e r ,  
to lerance develops  to the anorexigenic  [18] and convuls ive-  
threshold- lowering actions [7] of  amphetamine .  Further-  
more,  long-term administrat ion of  dopamine  mimetic  drugs 
[21,25] also enhances  catalepsy,  a behavior  general ly asso- 
ciated with reduced dopamine  function.  This may suggest,  
paradoxical ly ,  that the dopaminergic  system may not be- 
come  supersensi t ive  but rather  subsensi t ive during such 
long-term treatment .  The present  study examined whether  or  
not acute  and chronic effects  of  T R H ,  which may also act 
through dopaminergic  mechanisms,  would induce an in- 
crease  in locomot ion  and a change in the f requency  of  jump-  
ing behavior .  

M E T H O D  

Animals 

Heal thy  ddY male albino mice (25-30 g), purchased from 
Kyudo  Animal  laboratory (Kumamoto ,  Japan),  were  permit-  
ted food (CE-2, Clea Ltd.  Japan) and water  ad lib except  
during trials. All trials and breeding were  carr ied out at an 
environmenta l  tempera ture  of  23_ + I°C with a 12 hr light-dark 
cycle.  All exper iments  were  carried out at 1000-1600 hr. 

Measurement (if" Locomotion 

L o c o m o t o r  act ivi ty  was measured  as ambulat ion using an 
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Doses of Haloperidol 

FIG. 2. Effect of haloperidol on hyperlocomotion induced by TRH. 
Mice received TRH (10 mg/kg SC) for I and 21 days. Haloperidol 
ranging from 0.01 to 1 mg/kg SC was administered 25 min before 
TRH or saline on the 1st and 21st day after daily administration of 
TRH to mice, and locomotor activity was measured 5 min later after 
TRH or saline. Each value indicates the mean+S.E, from 10 mice. 
(©) 1st Saline + Haloperidol, (e)  1st TRH + Haloperidol, (~) 21st 
Saline + Haloperidol, (A) 21st TRH + Haloperidol. *p<0.05, 
**p<0.01; significant difference from respective control in the ab- 
sence of TRH (Saline + Haloperidol) and ~p<0.05: significant 
difference from 1st TRH + Haloperidol, determined by ANOVA 
and subsequent Tukey tests. 

open-field apparatus.  The open-field chamber  was 60 cm in 
d iameter  and 50 cm in height and the floor was divided into 
19 segments .  Immedia te ly  after the animal was left in the 
apparatus ,  the number  of  segments  on the floor t raversed by 
the mouse  was recorded during a 3 min period. Mice were 
divided into groups of  10 with equivalent  ambulat ion scores 
as measured  prior to the exper iments .  Ambulat ion was ob- 
served 5 min after T R H  or saline on the 1st and 21st day 
during the course  of  daily drug administrat ion.  

Measurement q[ Jumpin~, 

As previously descr ibed [6,34], groups of  five mice were  
s imultaneously placed at the center  of  an octagonal  platform 
of  opaque  plastic, 32 cm in d iameter  and 35 cm in height. 
When mice jumped  off  the platform or jumped  7 cm or more 
above  it, this behavior  was evaluated as a posi t ive response.  
After  subcutaneous  (SC) injection of  T R H ,  jumps  were 
counted for 40 min. 

Measurement o f  Body Weight 

The body weight of  the mice was measured  every  day for 
21 days.  

Lon~,,-Term Administration o f  TRH 

T R H  (10 mg/kg) was injected SC once per day at 1000 hr 
for 21 days.  In the control group,  saline was injected at a 
vo lume of 1 ml/kg for 21 days. 
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FIG. 3. Effect of apomorphine on hyperlocomotion induced by 
TRH. Mice received TRH (10 mg/kg SC) for 1 and 21 days. 
Apomorphine ranging from 0.1 to 1 mg/kg SC was administered 10 
min before TRH or saline on the 1st and 21st day after daily adminis- 
tration of TRH to mice, and locomotor activity was measured 5 min 
later after TRH or saline. Each value indicates the mean_+S.E, from 
10 mice. ((3) 1st Saline + Apomorphine, (O) 1st TRH + Apomor- 
phine, (A) 21st Saline + Apomorphine, (A) 21st TRH + Apomor- 
phine. *p<0.05: significant difference from respective control in the 
absence of apomorphine (0 point), ,~p<0.05: from 1st Saline + 
Saline and 21st Saline + Saline, determined by ANOVA and subse- 
quent Tukey tests. 

Drtt~, Interaction Study 

To study the influence of apomorphine or haloperidol on 
TRH-induced hyperlocomotion, apomorphine (0.1-1 mg/kg) 
or haloperidol (0.01-1 mg/kg) was administered SC 10 min or 
25 min before TRH (l-10 mg/kg) or saline on the 1st and 21st 
day after daily administration to mice, and locomotor activ- 
ity was measured 5 min later after TRH or saline. 

In order to evaluate jumping behavior on the 1st and 21st 
days of daily administration, the mice received TRH (1-20 
mg/kg) 5 min after apomorphine (0.1-1 mg/kg) and jumping 
behavior was assessed immediately after TRH. These behav- 
iors were counted for each rat manually by each observer 
who was blind to the allocated treatment. All experiments 
were performed at 1000-1600 hr. 

Drtt~,s 

The drugs used were TRH (L-pyroglutamyl-L-histidyl- 
L-prolineamide L-tartrate monohydrate, Takeda, Osaka, Ja- 
pan), apomorphine hydrochloride (Sandoz AG, Basel) and 
haloperidol hydrochloride (gift from Dainippon, Osaka, Ja- 
pan). These drugs were dissolved in saline and injected SC at 
a volume of 1 ml/kg. Saline was given as the control. 

Statistical Analysis 

Statistical analyses were performed using ANOVA and 
subsequent Tukey tests for locomotor activity and body 
weight, and the two-tailed Mann-Whitney U-test for jumping 
behavior [30]. The level of significance chosen was p <0.05. 
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FIG. 4. Dose-responses in jumping to TRH. A single dose of TRH 
(2.5-20 mg/kg SC) was administered 5 min after apomorphine (0.25 
mg/kg SC). *p<0.002; significance from the saline-injected group, de- 
termined by the Mann-Whitney U-test. 

RESULTS 

E~'ct of TRH on Locomotor Activity 

Locomotor activity increased in a dose-dependent man- 
ner, 5-15 min following a single injection of TRH (1-10 
mg/kg SC) (Fig. 1). Mild tremor, piloerection and salivation 
were evident at 10 mg/kg of TRH. 

Following daily administration of TRH (1-10 mg/kg SC) 
for 21 days, the stimulatory effect of TRH on ambulation 
increased (Fig. 1). When mice were housed in home cages in 
groups often,  they displayed sexual behaviors such as penile 
erection and mounting behavior during the period of daily 
administrations of TRH. Tremors, piloerection and saliva- 
tion diminished at this stage. 

Effect of Apomorphine and Haloperidol on TRH-lnduced 
Hyperlocomotion 

As shown in Fig. 2, the hyperlocomotion produced 5 min 
after a single administration of TRH (10 mg/kg) was poten- 
tiated by low doses of haloperidol (0.01-0.02 mg/kg SC) but 
was inhibited by higher doses of haloperidol (0.05-1 mg/kg 
SC). The inhibitory effect of haloperidol (0.5 mg/kg) on re- 
sponses induced by TRH (1-10 mg/kg) was observed at all 
doses of TRH (Fig. 1). The hyperlocomotion induced by 
TRH (10 mg/kg) was inhibited by pretreatment with lower 
doses of apomorphine (0.1-0.25 mg/kg SC), whereas the 
hyperlocomotion appeared to increase with higher doses of 
apomorphine (0.5-1 mg/kg SC), but similar activities at 0 and 
1 mg/kg were observed (Fig. 3). 

Lower doses of haloperidol (0.0 i-0.O2 mg/kg) potentiated 
the locomotion induced by repeated TRH, whereas the 
higher doses of haloperidol (0.05-1 mg/kg) inhibited locomo- 
tion (Figs. 1, 2). The inhibitory effect of low doses of apomor- 
phine on the hyperlocomotion induced by daily administra- 
tion of TRH (10 mg/kg) for 21 days was shifted from doses of 
0.1-0.25 mg/kg for acute TRH ( 10 mg/kg) to 0.25-0.35 mg/kg 
in the chronic situation. The marked increase in locomotor 
activity by apomorphine (0.5-1 mg/kg) was attenuated to the 
levels of saline-injected groups, although the locomotor ac- 
tivity had already increased following daily treatment with 
TRH (Fig. 3). 
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FIG. 5. Dose-responses of jumping in response to apomorphine. 
Mice received TRH (10 mg/kg SC) for 1 and 21 days. Apomorphine 
(0.1-1 mg/kg SC) was administered 5 min before the 1st and 21st 
dose of TRH. Each value shows the mean number of jumps from 10 
mice. (O) 1st TRH + Apomorphine, (A) 21st TRH + Apomorphine. 
• p<0.002: significant difference from the 1st TRH + Saline or 21st 
TRH + Saline, respectively, determined by ANOVA and subse- 
quent Mann-Whitney U-test. 

Ej'j'i'ets o f  Acute and Repeated TRH on Jumping Behavior 
Induced by Combined Treatment With TRH and 
Apomorphine 

TRH (2.5-20 mg/kg) or apomorphine (0.1-1 mg/kg) alone 
did not produce jumping, however when TRH was adminis- 
tered following apomorphine, jumping occurred, accom- 
panied by hyperlocomotion. Jumping began within approx- 
imately 5 min of TRH administration and was most 
prominent for 10-20 rain after TRH; it usually ceased within 
30 min. After 30 rain, the mice were markedly depressed. 
Tremor, piloerection and salivation also appeared approx- 
imately 20 min after TRH. The frequency of jumping was 
proportional to the dose of TRH (2.5-20 mg/kg) (Fig. 4): in 
contrast, jumping exhibited a bell-shape response curve with 
increasing doses of apomorphine (0.1-1.0 mg/kg) (Fig. 5). 

As shown in Fig. 5, daily treatment with TRH (10 mg/kg) 
for 21 days also produced jumping behavior induced by con- 
comitant treatment with apomorphine. In addition, the 
dose-response curve of apomorphine effects on jumping be- 
havior was shifted to the right. Both TRH (5 and 10 mg/kg) 
treated groups of rats gained weight at greater rates than the 
saline-treated rats (Fig. 6). 

DISCUSSION 

Several studies have indicated that TRH can increase lo- 
comotor activity in rats [9,20] and mice [33,35]. Costall et al. 
(1979) [4], however, failed to find this behavior when TRH 
was injected into a variety of discrete brain regions in rats. 
Furthermore, there is evidence that TRH increases locomo- 
tor activity in rats after injection into the nucleus accumbens 
[9,20] and into the hypothalamus [19]. The reasons for this 
discrepancy are not clear. Recently, it has been reported that 
bilateral injection of potent TRH analogs such as CG-3509 
and CG-3703 into the nucleus accumbens produce long- 
acting dopamine-like behavioral changes which are inhibited 
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FIG. 6. Effect of long-term treatment with TRH on body weight in 
mice. (@) Saline 1 ml/kg, (Q) TRH 2.5 mg/kg, ( , )  TRH 10 mg/kg. 
*p<0.05, **p<0.01; significant difference from saline-injected 
group, determined by ANOVA and subsequent Tukey tests. 

by haloperidol [10]. MK-771, a TRH analog, also produced a 
marked increase in dopamine synthesis and release as shown 
by a rise in tyrosine hydroxylase activity and homovanillic 
acid levels in the striatum and olfactory tubercle [27J. Con- 
sidered together, these results suggest that the behavioral 
stimulant effects of TRH are mediated by the activation of 
dopaminergic neurons. 

In this study, subcutaneous injection of TRH (1-10 
mg/kg) produced an initial excitation of locomotion in mice, 
as previously reported [33]. When TRH was administered in 
combination with low doses of apomorphine (0.1-0.25 
mg/kg), which stimulates pre%,mntic inhibitory dopamine 
autoreceptors [3,28], TRH-induced hyperlocomotion was 
depressed but jumping behavior occurred. The jumping be- 
havior was proportional to the doses of TRH but showed an 
inverted-U relationship between jumping and dose of 
apomorphine. The activation of presynaptic dopamine au- 
toreceptors may be involved in jumping behavior, whereas 
that of postsynaptic receptors may attenuate this behavior. 
At higher doses of apomorphine, TRH-induced hyper- 
locomotion increased in proportion to the doses of apomor- 
phine. Since this increase occurred in an additive fashion, it 
appears that the activity of postsynaptic dopamine receptors 
is unaffected by acute TRH treatment. 

Daily treatment with TRH (1-10 mg/kg) in mice induced a 
progressive increase in locomotion, in agreement with previ- 
ously reported data [35]. After repeated treatment with 
TRH, the hyperlocomotion was increased by low doses of 
haloperidol (0.01-0.02 mg/kg) which preferentially blocks 
dopamine autoreceptors [1 I]. At the same time, the behavior 
wasno t  modified by a high dose of haloperidol (0.5 mg/kg), 
which suggests that the affinity of haloperidol to the 
postsynaptic dopamine receptor may be more potent rather 
than that of" released endogenous dopamine. Although the 
hyperlocomotion induced by a single injection of TRH was 
markedly inhibited at doses of 0.1-0.25 mg/kg of apomor- 
phine, that induced by chronic TRH was also inhibited at 
doses at 0.25-0.35 mg/kg. Since the stimulatory effect of low 
doses of haloperidol and the inhibitory effect of low doses of 
apomorphine on hyperlocomotion tended to be shifted to the 
left and right, respectively, we conclude that presynaptic 
dopamine autoreceptor activity may be attenuated, and as 
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prev ious ly  m e n t i o n e d  [1,26], re lease  of  d o p a m i n e  at ne rve  
t e rmina l s  may be acce l e r a t ed  af te r  repea ted  t r e a t m e n t  wi th  
TRH.  At high doses  of  a p o m o r p h i n e ,  r epea ted  T R H  did not  
p roduce  an addi t ive  inc rease  in locomot ion ,  wh ich  was ob- 
se rved  with acute  T R H ,  suggest ing tha t  the  sens i t iv i ty  of  
pos t synap t i c  d o p a m i n e  r ecep to r s  was  a t t e n u a t e d  fol lowing 
repea ted  TRH.  F u r t h e r m o r e ,  c o m b i n e d  t r e a t m e n t  with  
ch ron ic  T R H  (10 mg/kg) and  a p o m o r p h i n e  also p roduced  
j u m p i n g  behav io r ;  h o w e v e r ,  the dose  r e sponse  cu rve  of  
a p o m o r p h i n e ' s  effect  on j u m p i n g  b e h a v i o r  was  shif ted to the 
right. It is sugges ted  that  bo th  pre- and  pos t synap t i c  
d o p a m i n e  recep to r s  are a t t e n u a t e d  fol lowing repea ted  TRH.  
Prev ious  repor t s  have  also s h o w n  tha t  af ter  r epea ted  treat-  
men t  with T R H ,  the h y p e r l o c o m o t i o n  el ici ted by m e tham-  
phe t amine ,  a c a t e c h o l a m i n e  re leaser ,  is inc reased ,  whi le  tha t  
induced  by a p o m o r p h i n e  is e i the r  nor  a l te red  or  is dec reased  
[35]. Thus ,  the sens i t iv i ty  of  dopamine  recep to r s  might  be 
dec rea sed  fol lowing long- te rm admin i s t r a t ion  of  T R H .  There  
is e v i d e n c e  sugges t ing  tha t  d o p a m i n e  agonis ts  preferent ia l ly  
act on  p re synap t i c  a u t o r e c e p t o r s  [3,28] and  long- te rm 
d o p a m i n e  mimet ics  resul t  in the reduced  aH - apom or ph ine  
b inding  which  signifies f ewer  p resynap t i c  r ecep to r s  [21]. The  
inhibi t ion of  p r e synap t i c  d o p a m i n e  a u t o r e c e p t o r  act ivi ty  by 
long- te rm t r ea tmen t  with  T RH  may  be re la t ively  more  po ten t  
than  the inhibi t ion of  pos t synap t i c  recep tors .  It is sugges ted  

tha t  since the n u m b e r  o f  pos t synap t i c  d o p a m i n e  r ecep to r s  
might  c o r r e s p o n d  to d o p a m i n e  re leased  f rom presynap t i c  
si tes,  r epea ted  t r e a t m e n t  wi th  TRH in mice could  p roduce  
e n h a n c e m e n t  of  l o c o m o t o r  act ivi ty .  

P rev ious  s tudies  have  repor ted  marked ly  e n h a n c e d  
d o p a m i n e  func t ion  in thy ro tox ic  an imals  [8,17]. N e m e r o f f e t  
al. [22] has  r epor t ed  signif icant  h y p o t h y r o i d i s m  (decreases  in 
se rum TSH,  T:~ and  T41 af ter  ch ron ic  T R H  admin is t ra t ion .  
Accord ing ly ,  these  o b s e r v e d  effects  may s imply be due to 
a l te ra t ion  in thyro id  func t ion  and  bea r  no re la t ionsh ip  to di- 
rect  in te rac t ion  of  T R H  with dopamine  recep to r s .  Fur the r -  
more ,  the normal ly  noc tu rna l  por t ion  of  the  m o u s e  l ight-dark 
cycle  and T R H  might  s imply be p roduc ing  insomnia ,  i .e. ,  the 
an imals  t rea ted  with T R H  merely  do not go to s leep,  result-  
ing in the  a p p e a r a n c e  o f  inc reased  l o c o m o t o r  act ivi ty .  

In this  s tudy,  inc reases  in body  weight  and  sexual  behav-  
ior also appea red  af ter  r epea ted  TRH.  Such effects  might  be 
due to ho rmona l  changes  induced  by repea ted  T R H ,  how- 
ever ,  the  m e c h a n i s m s  invo lved  are not p resen t ly  known.  
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