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MORA, S. AND G. D[AZ-V,~LIZ. Influence of luteinizing hormone re/easing hormone (LHRH) on the behavioral efl'ects 
of  amphetamine in rats. PHARMACOL BIOCHEM BEHAV 19(2) 157-161, 1983.--The influence of luteinizing hormone 
releasing hormone (LHRH) on the behavioral effects induced by several doses of D-amphetamine (0.25, 0.5, 1.0 and 2.0 
mg/kg IP) was studied. A dose response relation was previously established for the effects of LHRH (50, 100 and 200/zg/kg 
SC) on acquisition and retention of conditioned avoidance responses (CARs). The neuropeptide impaired acquisition and 
improved retention of CARs, without modifying spontaneous motor activity. Pretreatment with 100/zg/kg of LHRH antagonizes 
the enhancement in acquisition of CARs due to D-amphetamine 0.5, 1.0 and 2.0 mg/kg, the impairment in retention induced by 
amphetamine 1.0 and 2.0 mg/kg, and the hypermotility and the increased rearing behavior induced by amphetamine 1.0 and 
2.0 mg/kg. These results suggest that brain catecholamines, particularly dopamine, could play a role in the behavioral 
effects of LHRH. Interactions between LHRH and central dopaminergic mechanisms are discussed. 

LHRH Amphetamine Avoidance behavior Dopamine Motor activity 

A S U B S T A N T I A L  amount  of  ev idence  indicates that hypo- 
thalamic releasing hormones  may exert  brain effects  in addi- 
tion to their act ions on the anter ior  pituitary gland. These  
brain effects  may have behavioral  or  neurologic  conse-  
quences .  Invest igat ion of  luteinizing hormone  releasing 
hormone  ( L H R H )  has offered the most  direct  ev idence  of  a 
central  act ion for this peptide.  L H R H  injected ei ther  sub- 
cutaneously  or  into a cerebral  ventr icle  potent ia tes  mating 
behav ior  in es t rogen-pr imed ovar iec tomized  and 
hypophysec tomized  female  rats [13,19] as well as 
t es tos te rone-pr imed castrated male rats [14]. It has been 
suggested that L H R H  neurons of  the preopt ic -hypotha lamic  
regions may exert  an influence on the brain by a system of 
collateral  fibers that could project  to various hypothalamic  
and ex t rahypotha lamic  areas where L H R H  could modula te  
sexual  per formance ,  ei ther  directly or  indirectly,  through a 
ca techolamine  system [15]. Other  behavioral  effects  of  
L H R H  have also been described.  In fact, an ex tens ive  study 
has shown that L H R H  potent iates  the behavioral  effects  of  
D O P A  both in normal  intact as well as hypophysec tomized  
mice treated with pargyline [20]. L H R H  also enhances  the 
st imulant propert ies  of  5-HTP,  a serotonin precursor ,  in par- 

gyline t reated mice [20]. Central  administrat ion o f  L H R H  
markedly reduces barbiturate-induced sleeping time [1]. After  
subcutaneous  administrat ion this hormone  has demonst ra ted  
to be as potent  as ACTH4 7 in inhibiting the ext inct ion o f  a 
pole- jumping avoidance  response [2]. Recent ly ,  we have 
demonst ra ted  that subcutaneous  administrat ion of  L H R H  
(100 p,g/kg) impairs the acquisi t ion o f  a condi t ioned 
avoidance  response  in intact normal as well as castrated 
male rats [11]. In addition, L H R H  antagonizes  the dose re- 
lated impairment  in acquisi t ion and retention per formance  
induced by tes tos terone  in castrated animals [12]. 

Microelec t rophores is  of  hypothalamic  hormones  has re- 
vealed both exci ta tory and inhibitory effects of  T R H ,  L H R H  
and somatosta t in  on hypothalamic  [4] as well as ext rahypo-  
thalamic neurons [2 I]. This ability of  the hypothalamic  pep- 
tides to alter neuronal  excitabil i ty has suggested t ransmit ter  
or  modula tor  roles for these neuropept ides .  The postulate 
that neuropept ides  act as neuromodula tors  includes the 
premise that their  effects might be the consequence  of  inter- 
actions with " c l a s s i c a l "  neurot ransmit ter  systems.  The re- 
sults of  several  exper iments  clearly indicate that some 
neuropept ides  indeed exer t  at least some of  their  effects on 
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brain function via an interaction with catecholamine neuro- 
transmission in discrete brain regions [3]. 

This work was carried out in order to establish a dose- 
response relationship for the behavioral effects of LHRH 
and elucidate a possible role for catecholamines in these ef- 
fects. We studied the interaction between LHRH and am- 
phetamine administered in several dose levels. The mech- 
anism of action of amphetamine is fairly clearly defined. This 
drug enhances motor activity and both acquisition and re- 
tention of several conditioning tasks in rodents [18]. These 
behavioral changes have been correlated with an increased 
release of brain catecholamines, dopamine and norepineph- 
fine [5]. 

METHOD 

Animals 

A total of 218 male Sprague Dawley rats weighing 220-  + l0 
g were used in the experiments. They were housed in groups 
of six per cage in a temperature regulated room (23_+2°C) on 
a 12 hr light-dark cycle (lights were on from 8:00 to 20:00 hr) 
and they had food and water available ad lib. All behavioral 
experiments were performed between 10:00 and 16:00 hr in a 
sound attenuated and temperature regulated room. 

Drugs 

Luteinizing hormone releasing hormone (LHRH) was 
dissolved in 2% benzyl alcohol and D-amphetamine sulphate 
in saline, to appropiate concentrations, so that in all cases 
the doses to be injected were in a volume of 0.1 ml/100 g of 
body weight. In order to establish dose-response relation- 
ship, LHRH was administered subcutaneously (SC) in doses 
of 50, 100 or 200 p,g/kg. Control animals received 2% benzyl 
alcohol. Interaction between LHRH and amphetamine was 
studied using LHRH 100 ~g/kg or 2% benzyl alcohol injected 
60 min before intraperitoneal (IP) administration of 
D-amphetamine sulphate (0.25, 0.5, 1.0 or 2.0 mg/kg) or 
saline. LHRH (HRF ~) was kindly donated by Laboratorios 
Ayerst, Brazil. 

Spontaneous Motor Activity 

The animals were individually placed in an Activity Plat- 
form (Lafayette Instrument Co.) connected to an elec- 
tromechanical counter and spontaneous motor activity was 
recorded for 15 min beginning 5 min after placing the animal 
in the platform. Simultaneously the following responses 
were recorded: number of rearings, head shaking and the 
time (seconds) spent in grooming behavior. 

Active Awffdance Conditioning 

The conditioning experiments were carried out with a 
two-way shuttle box (Lafayette Instrument Co.) composed 
of two stainless steel modular testing units. Each modular 
chamber was equipped with an 18-bar insulated shock grid 
floor, two 28V DC lights and a tone generator (Mallory 
Sonalert 2800 Hz). Electric shock was provided to the grid 
floor by a Master Shock Supply (Lafayette Instrument Co.). 

Each animal was submitted to two sessions of shuttle 
avoidance conditioning with an interval of seven days be- 
tween them. In the first, or acquisition session, the animal 
was trained over 50 trials; in the second, or retest session, it 
was retrained over the same number of trials. Each trial 
consisted of the presentation of a tone which after 5 sec was 

overlapped with a foot-shock until the animal escaped to the 
opposite chamber. A conditioned response (CAR) was de- 
fined as a crossing within 5 sec. Intertone interval was 30 
sec. Animals were considered conditioned when they fullfil- 
led the following criterion: at least 5 CARs in the first 30 
trials and at least l0 CARs in the last 20 trials. -Retent ion"  
was considered as the difference in the same animal's per- 
formance between the two sessions. 

Schedule of Drug Administration 

In the study of the dose-response relationship for LHRH 
each animal was injected SC with LHRH or 2% benzyl alco- 
hol. After 90 min its spontaneous motor activity was meas- 
ured and 30 rain later it was submitted to the acquisition 
session. When interaction LHRH x amphetamine was 
studied each animal was also injected with amphetamine or 
saline IP 60 rain after LHRH treatment. 

Data Analysis and Statistics 

One-way and two-way analysis of variance for groups of 
unequal size were used to determine the level of significance 
of treatment effects. Significant differences between groups 
were determined by the Newman-Keuls Multiple Compari- 
son Procedure. Comparisons between treated groups and 
their controls were assessed by the Dunnett 's test. The use 
of additional statistical tests is indicated in context. In all 
cases differences were considered to be significant when p 
was equal to or less than 0.05. 

RESULTS 

Study o f  the Dose-Relationship for LHRH 

(u) Spontaneous motor activity attd other behavioral re- 
sponses. No significant modification in spontaneous motor 
activity, rearing behavior, grooming nor head shaking was 
observed after LHRH administration. 

(b) Acquisition und retention q/" ('ARs. One-way analysis 
of variance indicated that LHRH caused a significant im- 
pairment in the percent of CARs performed in the acquisition 
session, F(3,50)=3.4424, p<0.025 (Fig. 1A). Dunnett 's  test 
for comparison of the treated groups with the control re- 
vealed that the effects of LHRH 100 and 200 ~ k g  were 
significant. There was a good correlation between the dose 
of LHRH and the impairment in the acquisition (r=-0.9638,  
p<0.001). There was also a significant dose-response de- 
crease ( r - -0 .9840 ,  p<0.01) in the number of animals 
achieving the conditioning criterion (Table 1). Chi-square 
analysis demonstrated significant depressant effects of 
LHRH 100 and 200 ~#kg.  

Retention of CARs was not significantly influenced by 
LHRH 50 or 100 ~ k g  but a significant improvement was 
observed in the animals treated with LHRH 200 ~ k g  (Fig. 
1B). 

Interaction Between LHRH IO0 I~g/kg and Amphetamine 

(a) Spontaneous motor activity attd other behavioral re- 
sponses. The influence of pretreatment with LHRH 100 
p,g/kg on the hypermotility and rearing behavior induced by 
different doses of amphetamine is presented in Fig. 2. Two- 
way analysis of variance indicated significant main effects of 
amphetamine and LHRH on spontaneous motor activity, 
F(4,137)=6.7528, p<0.0001 and F(1,137)=8.6002, p<0.005, 
respectively, and rearing behavior, F(4,136)=12.1203, 
p<0.001 and F(1,136)=9.3768, p<0.005. Newman-Keuls 
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FIG. I. Effect of LHRH SC on the acquisition and retention of 
conditioned avoidance behavior. Each point represents the 
mean_+SE of 13-14 animals in each group. Comparisons with con- 
trols were assessed by Dunnett's test (*p<0.05). 
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FIG. 2. Effects of the pretreatment with LHRH 100 t~g/kg SC (O) or 
solvent (2% benzyl alcohol) (©) on the motor activity and rearing 
behavior induced by increasing doses of amphetamine. Each point 
represents the mean+SE of 12-16 animals in each group. Compari- 
sons between specific pairs of means was performed using 
Newman-Keuls Procedure (*p<0.05). 

compar ison  procedure  revealed that no significant change 
was induced by L H R H  in absence of  amphetanJine.  Never -  
theless,  this ho rmone  was effect ive in reducing the stimula- 
tion induced by the higher doses  of  amphetamine  (1.0 and 2.0 
mg/kg). L H R H  was unable to modify the amphetamine-  
induced effects on grooming behavior  and head shakings. 

(b) Acquisition and retention of CARs. Fig. 3A shows 
the effects of  L H R H  and amphetamine  in the acquisi t ion of  
CARs.  A two-way analysis of  var iance of  the acquisi t ion 
data indicated significant effects of  amphetamine ,  
F(4,127) = 19.1896, p <0.0001 and L H R H ,  F(1,127) = 46.3453, 
p<0.0001,  and an interaction be tween  both drugs, 
F(4,127)=3.3016, p<0 .02 .  Newman-Keu l s  compar ison  con- 
firmed that L H R H  100 /~g/kg induced a significant impair- 
ment in the acquisi t ion of  the control  animals,  and coun- 
teracted the improving effects of  almost  all doses  of  am- 
phetamine  adminis tered.  

Both amphe tamine  and L H R H  showed significant main 

T A B L E  1 

E F F E C T S  O F  L H R H  ON THE N U M B E R  OF A N I M A L S  A C H I E V I N G  
T H E  C O N D I T I O N I N G  C R I T E R I O N  

Treatment Number per total Chi-square 
(SC) rats studied test* 

Solvent 10/14 - -  
LHRH 50/xg/kg 6/13 n.s. 
LHRH 100/xg/kg 3/14 p<0.005 
LHRH 200 p.g/kg 1/13 p<0.0005 

*Compared with solvent group. 
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FIG. 3. Influence of the pretreatment with LHRH 100 p,g/kg SC (O) 
or solvent (2% benzyl alcohol) (©) on the amphetamine-induced 
effects on acquisition and retention of CARs. Each point represents 
the mean +_ SE of 12-16 animals in each group. Comparisons between 
specific pairs of means was evaluated by Newman-Keuls Procedure 
(*p<0.05 and **p<0.001). 

effects  on the retent ion of  CARs,  assessed by two-way 
analysis of  variance.  In fact, retent ion was severe ly  impaired 
in the animals treated with higher doses  of  amphetamine ,  
F(4,129)=25.2885, p<0.0001.  This effect was at tenuated by 
the pre t rea tment  with L H R H ,  F( 1,129)= 19.0865, p<0.0001.  
Newman-Keu l s  procedure  indicated that L H R H  antago- 
nized the effects  of  amphetamine  0.5 and 1.0 mg/kg. 

D I S C U S S I O N  

The present  study demonst ra tes  that subcutaneous  ad- 
ministration of  L H R H  is able to induce behavioral  effects in 
male rats. These  pharmacological  effects seem to be much 
more evident  when the animals are also t reated with am- 
phetamine,  suggesting an interact ion be tween  both drugs. 

L H R H  administered in high doses  induced a dose- 
dependent  impairment  in the acquisit ion and an apparent  
improvement  in the retent ion of  CARs,  without modifying 
significantly the spontaneous  motor  act ivi ty or o ther  behav- 
ioral responses .  This rules out  the possibility that L H R H -  
induced changes on condit ioning behavior  are a consequence  
o f  effects on rat motor  activity.  Never the less ,  when in- 
jec ted  before amphetamine ,  the neuropept ide acts appar- 
ently as a buffer against behavioral  effects  of  increasing dos- 
ages of  amphetamine .  Pre t rea tment  with L H R H  antagonized 
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both the enhancement in the acquisition and the impairment 
in the retention of CARs due to amphetamine. Besides, 
L H R H  modified amphetamine-induced effects on spontane- 
ous motor activity and rearing behavior. This interaction be- 
tween LHRH and amphetamine is significant with the higher 
doses of amphetamine used in this study. 

Dose response relations for the behavioral effects of 
LHRH have not been widely explored. It is known that 
LHRH is active in picomole concentrations for pituitary ef- 
fects; but doses thousand times higher are needed to induce 
behavioral changes. With neuropeptides the administered 
dose may seem excessively high, but because of their rapid 
metabolism the concentration in the brain may still be in 
physiological range. Furthermore, the blood-brain barrier 
difficults access of the most potent peptides to the brain 
tissues and their effects may appear later. The induction of 
lordosis behavior in ovariectomized-hypophysectomized es- 
trone primed female rats requires small quantities of LHRH 
(150 to 500 ng SC) [16]. On the other hand, huge doses of 
LHRH (4 to 8 mg/kg IP) are necessary to potentiate the 
stimulant properties of L-DOPA and 5-HTP in pargyline pre- 
treated mice [20]. The dose response relation, found by us, 
indicates that moderate doses of LHRH are needed to mod- 
ify acquisition of CARs, and facilitates further pharmacolog- 
ical studies. LHRH must be extremely active to be able to 
induce behavioral effects even after subcutaneous adminis- 
tration. Although LHRH half life in plasma is only 4 min [7], 
its behavioral effects are present longer than two hours after 
injection. This is in agreement with the time course for induc- 
ing enhancement in lordotic response [13] which appears 2 or 
3 hours following SC administration and it is observed for 
approximately 8 hours. It has been demonstrated that plasma 
levels of LHRH become indetectable before either endocrine 
or behavioral effects are evident. The peptide may be 
quickly destroyed, but perhaps initiates a sustained train of 
events that gradually reach threshold for expression. This 
supports the idea that LHRH exerts an indirect effect on 
nervous tissue. 

In view of the evidence that the central action of am- 
phetamine requires the synthesis of catecholamines, the in- 
teraction LHRH × amphetamine suggests that central cate- 
cholamines could play an important role in the behavioral 
effects of  LHRH. The spontaneous motor activity stimulat- 
ing action of amphetamine is presumably mediated by re- 
lease of dopamine (DA) and norepinephrine (NE) from cen- 
tral neurons. The increase in rearing behavior, a component 
of stereotyped behavior, induced by amphetamine is prob- 
ably a consequence of release of DA from DA nerve termi- 
nals. Both DA and NE appears to be involved in the stimula- 
tion of conditioned behaviors observed after amphetamine 
administration. Even low doses of this drug, that did not 
modify motor activity induced significant improvement in 

the acquisition of CARs. In our experimental conditions, this 
enhancement in acquisition was not followed by a similar 
increase in the retention of the response. In fact, an amnesic 
effect was observed in the animals treated with amphetamine 
1.0 to 2.0 mg/kg. 

The ability to inhibit conditioned avoidance responding, 
without affecting escape responding [17] and antagonize the 
stimulating effects of amphetamine, have been considered as 
a characteristic action of almost all drugs which block central 
DA receptors [6]. Our results show that LHRH does not 
fully antagonizes, but only attenuates the stimulation 
produced by amphetamine. It is not possible to conclude if 
the site of action of  the neuropeptide is presynaptic or 
postsynaptic. 

There are several data supporting the idea of an interac- 
tion between LHRH and DA in the rat brain. There is mor- 
phological evidence of a precise location of DA varicosities 
and LHRH terminals within the same regions of the median 
eminence (ME), supporting the concept of a potential regula- 
tory mechanism of DA on LHRH release [9]. DA has been 
found to stimulate the release of LHRH from the palisade 
zone of the ME, as well as from synaptosomal fractions of 
the medial basal hypothalamus (MBH) [22]. Recent biochem- 
ical findings have shown that LHRH can itself suppress DA 
synthesis in rat corpus striatum, suggesting that LHRH exerts 
a negative feedback action on DA neurons. That is, LHRH 
inhibits its own release by inhibiting DA synthesis [23]. This 
action could also have behavioral consequences and explain, 
at least in part, the interaction LHRH × amphetamine re- 
lated in this paper. It is interesting that there is a close simil- 
itude between this interaction and the interaction 
c~-methyl-p-tirosine x amphetamine, in the acquisition of 
CARs. In fact, it has been demonstrated [8] that the 
enhancement in acquisition induced by amphetamine (1.0 
and 2.0 mg/kg) is blocked by the inhibitor of the catechola- 
mine synthesis. A dopaminergic mechanism seems to be in- 
volved also in the increase of lordotic behavior induced by 
LHRH,  since amphetamine has been shown to inhibit the 
lordosis response in a dose-dependent fashion [10]. More 
specific neurochemical studies are obviously needed to 
clarify whether the antagonism by LHRH on amphetamine- 
induced behaviors is due to the blockade by LHRH of am- 
phetamine induced changes in DA metabolism and/or syn- 
thesis. 

In conclusion, the present findings would suggest that 
LHRH possess the ability to reduce DA activity in the brain. 
Through this mechanism LHRH by itself could influence 
learning and memory processes or modulate the effects of 
DA activity stimulators, such as amphetamine. These effects 
may eventually have relevancy in clinical conditions, since a 
compound antagonizing the effects of amphetamine might 
find application in the treatment of schizophrenia or other 
mental diseases. 
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