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MORA, S., F. URRESTA, N. DUSSAUBAT, F. BENAVENTE, R. BAEZA AND G. DfAZ-VI~LIZ. Behavioral ef- 
fects of a LHRH antagonist in intact and ovariectoraized rats. PHARMACOL BIOCHEM BEHAV 46(3) 673-677, 1993.- 
The effects of the LHRH antagonism on the acquisition of conditioned responses (CARs) and spontaneous motility were 
studied in intact and ovariectomized rats. A synthetic antagonist of LHRH, [N-acetyl-D-p-chloro-Phe ~'2,D-Trp3,D-Args,D-Alaj°] - 
LHRH, was injected in a single dose (10/~g/rat, SC) at noon on the day of proestrus in the normally cycling rat, and 
behavioral experiments were carried out on the morning of estrus or metestrus. Two procedures were followed in the 
ovariectomized rats: in the first, the antagonist was injected 1 h before estradiol, and in the second, at noon on the day after 
estradiol replacement. The experiments were carried out 24 and 48 h after estradiol, respectively. The LHRH antagonist 
facilitated the acquisition of CARs in both experimental groups, thus reversing the impairments observed during estrus and 
metestrus and those induced by estradiol replacement. The antagonist decreased the number of head shakes during estrus, 
whereas it induced an increase in total motility and rears in ovariectomized control animals. On the other hand, the antagonist 
increased the number of rears and reversed the decrease in grooming behavior induced by estradiol. The results led to the idea 
of a role of LHRH in behaviors not apparently related to sex, which could explain the behavioral changes observed accross 
the estrous cycle and those induced by estradiol replacement in ovariectomized rats. 
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Conditioned avoidance responses 

SOME evidence has suggested that the acquisition of condi- 
tioned avoidance responses (CARs) is influenced by the hor- 
monal changes occurring during the estrous cycle of the fe- 
male rat (8,26). The response is facilitated at diestrus, 
impaired at proestrus, and practically abolished at estrus and 
metestrus. These effects have been associated with fluctua- 
tions in the serum estradiol levels across the cycle (26). Consid- 
ering that ovariectomy enhances acquisition performance (8), 
we have postulated an inhibitory effect of estradiol upon this 
behavior. This is supported by recent evidence that shows that 
the administration of a single dose of estradiol benzoate (2 ~g 
per rat) in ovariectomized rats induces a marked impairment 
in the acquisition of CARs, which is observed 48 h after injec- 
tion (9). It has been postulated that the increase in estradiol 
levels, occurring during proestrus or after exogenous adminis- 
tration, could trigger behavioral changes that are evident in 
the presence of low serum levels of estradiol; that is, during 
estrus or 48 h after estradiol replacement in the ovariecto- 
mized rat (9). Thus, the behavioral effects of estradiol could 
be mediated, at least in part, by the release of other neuroen- 
docrine agents. 

It is known that the peak of estradiol at noon of proestrus 

is able to trigger several neuroendocrine events in the night of 
estrus, including secretion of LHRH and gonadotropins as 
well as ovulation (1). These events are suppressed by the ad- 
ministration of antagonistic analogs of LHRH, which inhibit 
ovulation in several species by eliminating the preovulatory 
surge of gonadotropins (10). The LHRH antagonist [N-acetyl- 
D-p-chloro-Phe~'2,D-Trp3,D-Arg6,D-Alal°]-LHRH has a potent 
antiovulatory effect in the rat (4). As little as 5 ;tg of this 
peptide completely inhibited ovulation in 4-day cycling rats 
when injected SC on the day of proestrus (20). In addition, 
we postulate that the increase of LHRH activity could be 
responsible for at least some of the behavioral changes ob- 
served at estrus and metestrus, or induced by estradiol replace- 
ment in the ovariectomized rat, and that these changes could 
also be prevented by LHRH antagonists. 

There is pharmacological evidence suggesting that LHRH, 
like many other neuropeptides, is able to induce behavioral 
changes that are not apparently related with its neuroendo- 
crine properties. Administration of LHRH in male rats, either 
SC (16,17) or into several brain areas (18), induced a dose- 
dependent impairment in the acquisition of avoidance condi- 
tioning. Besides, LHRH injected during the diestrous stage of 

t To whom requests for reprints should be addressed. 
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the cycle induced a disruption in the conditioning similar to 
that observed at estrus (7). 

The present work was designed to investigate the role of 
endogenous LHRH in conditioning and other behavioral 
changes described in normal cycling rats and in ovariecto- 
mized rats treated with estradiol. The study was carried out 
by administering a LHRH antagonist at noon on the day be- 
fore the behavioral experiments. 

METHOD 

Animals 

Female Sprague-Dawley rats, weighing 180-200 g, were 
used in the experiments. They were maintained housed in 
groups of six per cage under a 12L : 12D cycle (lights on from 
0800 to 2000 h) with free access to food and water. Females 
were submitted daily to vaginal smears for determination of 
different stages of estrous cycle. Only rats exhibiting consis- 
tent 4-day estrous cycles were utilized. Half of these animals 
were bilaterally ovariectomized under light ether anesthesia. 
Fourteen days after surgical removal of the ovaries they re- 
ceived corn oil vehicle (0.2 ml/rat) or estradiol benzoate (2 
/zg/rat), injected SC in the dorsal region of the neck (2). Vagi- 
nal smears were taken for at least 4 days before commence- 
ment of estradiol administration; they were invariably found 
to be diestrus, confirming the completeness of ovariectomy. 

The LHRH antagonist [N-acetyl-D-p-chloro-Phel'2,D-Trp 3, 
D-Arg6,D-AIaI°]-LHRH (Sigma Chemical Co.) was dissolved 
in 40°70 propylene glycol in saline. Normally cycling rats were 
treated SC with a single dose of 10 tLg of the peptide or 0.2 ml 
of the solvent at noon on the day of proestrus, and behavioral 
experiments were carried out on the morning of estrus or 
metestrus. Two separate procedures were used with different 
sequences of injections and testing with ovariectomized rats. 
In the first (procedure 1), the LHRH antagonist, or its vehicle, 
was injected 1 h before estradiol, or corn oil, and behavioral 
tests were applied 24 h after estradiol replacement. In the 
second (procedure 2), tests were conducted 48 h after estradiol 
and 24 h after LHRH antagonist injection. Each animal was 
tested only once. 

Spontaneous Motor Activity 

The animals were individually placed into a Plexiglas cage 
(30 × 30 × 30 cm) contained in a sound-attenuated cham- 
ber. The floor of the cage was an activity platform (Lafayette 
Instrument Co.) connected to an electromechanical counter. 
Spontaneous motility was recorded automatically for a 30-min 
period and simultaneously the following responses were re- 
corded: number of times each animal reared; number of head 
shakes; and the time in seconds spent in grooming behavior. 
Each animal was monitored via a video camera connected to 
a VHS tape recorder. Scores were made from the live picture 
and the video sequences were used for a subsequent reanalysis. 

Active Avoidance Conditioning 

The conditioning experiments were carried out with a two- 
way shuttle box (Lafayette Instrument Co.) composed of two 
stainless steel modular testing units, which were equipped with 
an 18-bar insulated shock grid floor, two 28-V DC lights, and 
a tone generator (Mallory Sonalert 2800 Hz). Electric shocks 
were delivered through the grid floor by a master shock supply 
(Lafayette Instrument Co.). Immediately after the spontane- 
ous motility test, the rats were placed into the shuttle box and, 

after a 5-min period of habituation, trained over 50 trials. 
Each trial consisted of the presentation of a tone that, after 5 
s, was overlapped with a 0.20-mA foot shock until the animal 
escaped to the opposite chamber. A conditioned avoidance 
response (CAR) was defined as a crossing within the first 5 s 
(tone). 

Statistics 

Two-way analysis of variance (ANOVA), followed by 
Dunnett's multiple comparison procedure, and Student's t-test 
for individual comparisons, were applied to evaluate the sta- 
tistical significance of the results. In all cases, differences were 
considered to be significant when p _< 0.05. 

RESULTS 

Effects o f  the LHRH Antagonist in Normal Cycling Females 

Figure I shows that the single administration of the antago- 
nist during the proestrous stage of the cycle facilitates the 
acquisition of CARs at estrus and metestrus (p < 0.01 and 
p < 0.005, respectively), thus reversing the impairments ob- 
served in the controls. No significant change was evident in 
spontaneous motility, number of rearings, or grooming be- 
havior, but a significant decrease in the number of head 
shakes was induced by the antagonist during estrus (Table 1). 

Effects o f  the LHRH Antagonist on the Acquisition of  CARs 
in Ovariectomized Rats (Fig. 2) 

In procedure 1, the estradiol injection induced a significant 
depression of CARs, while pretreatment with the LHRH an- 
tagonist fully reversed that effect. One-way ANOVA indicates 
a significant effect of the LHRH antagonist, F(3, 33) = 3.18, 
p < 0.05. In procedure 2, the depression of CARs induced 
by estradiol was severe, but this effect was antagonized by the 
LHRH antagonist injection. One-way ANOVA again indi- 
cates a significant effect of the antagonist, F(3, 36) = 10.22, 
p < 0.01. Dunnett's test indicates that, when the antagonist 
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FIG. 1. Effects of the sc injection of the LHRH antagonist, [Ac-D-p- 
CI-Phe~'2,D-Trp3,D-Arg6,D-AIaI°]-LHRH (10/~g/rat), on the acquisi- 
tion of conditioned avoidance responses (CARs) in normal cycling 
female rats. The bars represent the mean + SEM of the percentage 
of CARs out of 50 trials. The antagonist (hatched bars) or its vehicle 
(stippled bars) was injected at noon on the day of proestrus. Compari- 
sons were made during estrus or metestrus by using Student's t-test 
(*significantly different from its control group, p < 0.01). The num- 
ber of animals in each group was 8-10. 
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TABLE 1 

EFFECTS OF A LHRH ANTAGONIST ON SPONTANEOUS MOTOR RESPONSES 
IN NORMALLY CYCLING RATS 

Motor Activity Rearing Head Shaking Grooming 
Treatment N (counts) (number) (number) (s) 

SOL2-E 9 731.7 =t: 79.4 67.1 + 8.9 36.0 + 7.3 526.4 =t= 57.0 
ANT-E 10 703.0 + 60.3 63.8 + 4.4 17.0 =t: 3.4* 471.6 + 32.7 
SOL2-M 10 799.2 =t: 131.5 67.4 + 6.3 17.7 + 3.2 535.0 + 110.0 
ANT-M 8 787.8 + 98.1 74.1 + 7.5 27.3 + 6.2 465.9 + 56.1 

Values are expressed as mean + SEM. Animals were injected with ANT [Ac-~pCI-Phe ~'2, D-Trp 3' D-Arg 6, 
D = AlaI°]-LHRH) (10 pg/rat) or SOL2 (vehicle) at noon during proestrus. Experiments were performed at 
estrus (E) or metestrus (M). 

*p < 0.05 compared with its S O L  2 control. 

is added to estradiol, the C A R  acquisit ion is not  significantly 
different f rom that o f  animals not  treated with estradiol. In 
both procedures,  the peptide did not  modify  the C A R  perfor- 
mance in animals not  treated with estradiol. 

Effects of  the LHRH Antagonist on Spontaneous Motor 
Activity in Ovariectomized Rats (Table 2) 

The L H R H  antagonist  significantly increased spontaneous 
motil i ty and rearing behavior in the ovariectomized rats not  
treated with estradiol.  Estradiol  enhanced the number  o f  
rears, but it decreased grooming behavior in both experimen- 
tal procedures. In procedure 1, L H R H  antagonist  injection 
significantly increased the number  o f  rears and antagonized 
the decrease in grooming behavior induced by estradiol. In 
procedure 2, the antagonist  increased the number  o f  rears and 

head shakes in the rats treated with estradiol, while the de- 
crease in grooming behavior induced by estradiol was fully 
reversed. 

DISCUSSION 

The present study supports the idea that at least some of  
the behavioral  changes occurring across the estrous cycle o f  
the normal  intact rat and those observed in the ovariectomized 
rat, after estradiol replacement, could be mediated by an in- 
crease in L H R H  activity. In fact, the disruptions in the acqui- 
sition o f  CARs observed during the stages o f  estrus and metes- 
trus were prevented by administering an L H R H  antagonist  
at noon during procstrus. In addition, the C A R  impairment  
induced by estradiol replacement in ovariectomized rats was 
also prevented by the L H R H  antagonist. This evidence sug- 
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FIG. 2. Effects of the SC injection of the LHRH antagonist, [Ac-D-pCI-Phe~'2,D- 
Trp3,D-Arg6,~AIa~°]/-LHRH (10 ~g/rat), on the acquisition of conditioned 
avoidance responses (CARs) in ovariectomized rats and ovariectomized with estra- 
diol replacement (EB, 2 pg/rat). The bars represent the mean + SEM of the 
percentage of CARs out of 50 trials. In procedure l, tests were conducted 24 h 
after EB or corn oil (SOL1) and 25 h after LHRH antagonist (ANT) or its vehicle 
(SOL2) injection. In procedure 2, tests were conducted 48 h after EB or SOL1 
and 24 h after ANT or SOL2 injection. Comparisons were made by using two-way 
ANOVA, followed by Dunne~t's test (*p < 0.05 and **p < 0.01 compared with 
SOL2 + SOLI for procedure l, or SOLI + SOL2 for procedure 2). The number 
of animals in each group was 8-11. 
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TABLE 2 
EFFECTS OF A LHRH ANTAGONIST ON SPONTANEOUS MOTOR RESPONSES 

IN OVARIECTOMIZED RATS 

Motor Activity Rearing Head Shaking Grooming 
Treatment N (counts) (number) (number) (s) 

Procedure 1 
SOLe + SOL, 10 646.2 ± 35.8 26.0 ± 2.9 18.5 ± 2.8 358.4 + 17.9 
ANT + SOL~ 10 750.0 + 43.2* 52.1 ± 3.7* 18.6 ± 3.6 375.1 ± 22.9 
SOL2 + EB 9 485.0 =t= 40.1" 37.4 + 1.8" 23.7 + 6.7 249.4 ± 29.5* 
ANT + EB 8 576.4 ± 82.8 58.2 ± 6.4* 19.5 ± 5.1 373.5 =l: 44.0 

Procedure 2 
SOL~ + SOL2 10 516.6 + 9.7 27.9 ± 2.9 18.9 + 1.3 554.3 ± 11.9 
SOL~ + ANT 9 739.3 + 86.61" 67.4 ± 4.5t 20.3 + 5.6 446.6 + 43.0 
EB + SOL 2 10 460.1 ± 35.8 37.6 + 3.7i" 18.6 ± 3.6 375.1 ± 22.91" 
EB + ANT 11 480.5 ± 51.0 44.6 + 3.8"~ 32.5 ± 5.4I" 531.3 ± 54.6 

Values are expressed as mean :1= SEM. EB, estradiol benzoate (2 #g/rat); ANT, [Ac-D-pC1-Phe ~'e, D-Trp 3, 
D-Arg 6, D-AIa~°]-LHRH (10 t~g/rat); SOLI and SOLe, vehicles of EB and ANT, respectively. 

*p < 0.05 compared with SOLe + SOL~ control. 
l'P < 0.05 compared with SOL~ + SOL2. See more details in Fig. 2. 

gests that the mechanisms underlying inhibition of CARs 
could be similar to the neuroendocrine events mediated by 
LHRH, such as LH and FSH release, as well as ovulation. It is 
known that LHRH and many of its synthetic analogs increase 
pituitary secretion of gonadotropins, which, in turn, stimulate 
the ovary function (24). In contrast, several antagonistic ana- 
logs of LHRH inhibit ovulation in several species by suppress- 
ing the preovulatory surge of gonadotropins (10). The LHRH 
antagonist used in our experiments has a potent antiovulatory 
effect in the rat. As little as 5 /zg of the peptide completely 
inhibited ovulation in 4-day cycling rats when injected SC at 
noon on the day of proestrus (20). Furthermore, the analog is 
also able to suppress LH levels in ovariectomized rats (20). As 
is shown in this study, the LHRH antagonist is also able to 
suppress behavioral consequences of LHRH activation. The 
behavioral role of LHRH is suggested by several experiments 
demostrating that LHRH, injected either subcutaneously 
(16,17) or intracerebrally (18) in male rats, induces a very 
potent depressant effect in the acquisition of CARs. Prelimi- 
nary results obtained in female rats demonstrate that the SC 
administration of LHRH during the stage of diestrus induces 
a severe impairment in CAR performance, similar to that ob- 
served at estrus, along with a moderate decrease in grooming 
behavior (7). 

Estradiol level fluctuations seem to be of great importance 
in triggering the neuroendocrine and behavioral events during 
the estrous cycle (6,19). The peak in plasma estradiol level has 
been observed at noon of proestrus and the lowest levels have 
been found between midnight of estrus and 1500 h of metes- 
trus (1). Estradiol can have both inductive and suppressive 
effects on gonadotropin secretion, and the nature of these 
effects is time and dose dependent (11,12). The positive feed- 
back response seems to involve multiple sites within the hypo- 
thalamo-hypophyseal axis. One site of action is the anterior 
pituitary gland, where estradiol enhances the response to 
LHRH, likely reflecting changes in both gonadotropin biosyn- 
thesis (3) and the number of LHRH receptors (5,15,21). Just 
prior to, and during, the LH surge in sheep there is an increase 
in pituitary content of mRNA coding for gonadotropic hor- 

mones (13). This increase can also be induced by acute expo- 
sure to estradiol (13). Further, the number of receptors for 
LHRH on pituitary cells increases at the time of LH surge (5). 
Another site is the hypothalamus, where estradiol stimulates 
LHRH secretion (14,22). In the rat, the acute increase in 
LHRH during the afternoon of proestrus seems to be essential 
for initiating the preovulatory LH surge (25). According to 
our results, estradiol replacement in ovariectomized rats trig- 
gers disruptions in the acquisition of CARs, assessed 24 and 
48 h later. The fact that these disruptions are reversed by the 
LHRH antagonist suggests that they could also be mediated 
by LHRH. It is interesting that the analog does not exert 
significant effects on conditioning when it is injected in ovari- 
ectomized rats not treated with estradiol, thus demostrating a 
lack of direct effects on this behavior. 

Spontaneous motor responses were not modified by the 
LHRH antagonist in the normally cycling rat. Nevertheless, 
total motility and rears were stimulated by the peptide in the 
ovariectomized controls. Estradiol replacement induced dif- 
ferent motor responses in these animals: there was a decrease 
in total motility in procedure I and, while rears were increased 
by estradiol, there was a decrease in the time spent in groom- 
ing behavior in both procedures 1 and 2. The LHRH antago- 
nist seems to interact with estradiol but in different ways. In 
fact, it potentiated the effects of estradiol on rears but fully 
reversed the depressant effect of estradiol on grooming behav- 
ior in both procedures 1 and 2. Head shakes were also potenti- 
ated, but only in procedure 2. Previously (8), we have ob- 
served that ovariectomy failed to induce significant changes 
on total motility, rearing, and head shakes, although it en- 
hances acquisition of CARs as well as grooming behavior. 
The present results demonstrate that both conditioning and 
grooming are depressed by estradiol replacement and that the 
LHRH antagonist prevents these effects, suggesting an inhibi- 
tory role of estradiol on both behaviors, which could be medi- 
ated, in turn, by LHRH activation. 

In conclusion, this study supports a behavioral role of 
LHRH in the female rat that is estradiol dependent and could 
explain some of the changes observed accross the estrous cy- 
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cle. Al though the physiological role o f  L H R H  on behavior 
has not  been clearly established, there is evidence supporting 
a neurotransmitter  or  neuromodula tor  role o f  L H R H  in the 
CNS. Besides, it is possible that  the effects o f  L H R H  could be 
mediated by its interaction with neurochemical  systems more 
involved in adaptat ive behavior.  Nevertheless, since the neuro- 
endocrine events triggered by estradiol in the hypothalamus-  

pi tui tary-gonadal  axis are numerous and complex, we cannot 
rule out  the participation o f  other endogenous agents, such as 
LH,  progesterone, prolactin, etc. 
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