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NAUTON, P., N. GIRY, M.-A. BRUHAT AND J. ALLIOT. Effect of administration of an analog ofLHRHon appe- 
titive learning in young and middle-aged female rats. PHARMACOL BIOCHEM BEHAV 43(4) 1005-1013, 1992.--Hypo- 
thalamic luteinizing hormone-releasing hormone (LH-RH) had been reported to induce changes in defensive learning. In 
middle age, females exhibit a decline in their reproductive axis. Several studies in rodents suggested that hypothalamic LHRH 
function deteriorated in middle-aged females. Our experiments compare T-maze learning in young and middle-aged female 
rats and study the effect of administration of an analog of LHRH, D-Trp6-LHRH. The ovarian action of the analog was 
studied and a gonadectomized control group was added. No differences were observed between young and middle-aged 
females in acquisition, retention, and reversal of a simple discrimination in the T-maze. However, after removal of motor 
and spatial cues acquisition of the discrimination on visual cues was impaired in middle-aged females compared to young 
mature ones. Administration of o-Trp6-LHRH enhanced performance during the visual discrimination in younger females 
and had no action in middle-aged ones, whereas it inhibited ovary function in both groups. Ovariectomy had no effect. These 
results suggest a direct effect of the analog of LHRH on the CNS and show that this peptide fails to counteract the deleterious 
effect of age on performance. 

LHRH Learning and memory Aging Females 

HYPOTHALAMIC luteinizing hormone-releasing hormone 
(LHRH) produces specific effects on reproductive (20,29) and 
nonreproductive behavior (8,23,25). Administration of about 
100/~g LHRH modifies performance during defensive learn- 
ing (24,26). Also, dense hippocampal concentration of gonad- 
otropin-releasing hormone (GnRH) receptors have been de- 
scribed (21) and GnRh binding sites were also found in other 
limbic structures such as septum, amygdala, and entorhinal 
cortex. Together, these data suggested a possible action of 
LHRH on learning and memory as other neurosecretory pep- 
tides of hypothalamic origin. 

In a previous study, we demonstrated a modification of 
working memory in middle-aged females (2), while males 
showed no changes. The female reproductive axis in most 
mammals exhibits an age-related decline. There is a gradual 
change from a cyclic to a noncyclic mode of function (10, 
32,33) detectable during middle age. Several studies in rodents 
have suggested that hypothalamic function deteriorates in 

middle-aged females. Changes in the diurnal rhythms of neu- 
rotransmitter activity occur in hypothalamic areas that control 
gonadotropin release (34) during middle age. The mean levels 
of in vivo LHRH secretion in ovariectomized rats treated with 
oestrogen and progesterone had been shown to be higher in 
young rats than in middle-aged ones (30,31). More recently, 
Barnea and Bhasker (3) found a greater secretory response of 
the LHRH neurons in ovariectomized aging females compared 
to younger ones and an attenuated steroid regulation of 
LHRH secretion in old animals. Hence, changes in cognitive 
performance (2,18) observed in females may be linked to 
changes in hypothalamic LHRH. 

Accordingly, we designed experiments to compare T-maze 
learning in young and middle-aged female rats and study the 
effect of administration of LHRH. As LHRH has a short dura- 
tion of action, an agonist D-Trp6-LHRH, was used. However, 
chronic administration of such a potent agonist as D-Trp 6- 
LHRH has a marked inhibitory effect on reproductive func- 

i To whom requests for reprints should be addressed. 
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tion [see (12)] and can result in chemical castration. Therefore, 
a surgical gonadectomized group was added as control. 

METHOD 

Animals 

Sixty-eight female rats of  the LOU strain (Wistar-derived 
strain) purchased from INRA Center (Theix, France) were 
used. They were housed at 21 _+ 0.5°C and 60 + 1007o hu- 
midity in same-age groups of  three and were handled and 
weighed daily throughout experimentation. 

The dates of  birth of all animals were known. At  the begin- 
ning of  the experiment, animals were grouped as follows: 36 
4-month-old females and 32 12-month-old females. At  the end 
of  the experiment, rats were, respectively, 8 and 16 months 
old. 

During training, rats were maintained under 23-h food dep- 
rivation. Food was given ad lib for 1 h ,  at the end of  training, 
between 5:00 and 6:00 p.m. Water was available ad lib. Ani- 
mals submitted to this regimen maintained their body weight; 
we had already shown that they have an unmodified basal 
level of  adrenal and plasma corticosterone compared to rats 
fed ad lib (1). 

Water and food were given ad lib between successive train- 
ing sessions. 

Surgery and Treatment 

D-Trp6-LHRH was used. In this analog, the replacement 
of  Gly 6 by a deamino acid enhances stability toward enzymatic 
degradation and increases receptor binding affinity (12). 

Treated rats were subcutaneously injected with long-lasting 
microcapsule formulations (800 #g/kg releasing continuously 
5 #g/day over at least 28 days). This dosage form has been 
shown to be more effective than daily drug administration 
and more convenient to administer (11). 

Control and gonadectomized rats were given an SC injec- 
tion of  0.25 ml vehicle. Injections were given 10 days before 
behavior testing. 

Gonadectomy was performed under pentobarbital anesthe- 
sia (0.5 mg/kg pentobarbital to 6070) preceded by 0.025 mg 
atropine sulfate. Controls and D-Trp6-LHRH-treated rats 
were anesthetized and sham operated. The recovery period 
was 20 days. 

At  the end of the experiment, rats were sacrificed by decap- 
itation. Ovaries were weighed and frozen at - 25 o while await- 
ing analysis of  estradiol (E2) and progesterone levels. 

Procedure 

Discriminative learning in a T-maze. Rats were tested in a 
T-maze, 10 cm wide and 15 cm high, consisting of  an 80-cm 
straight alley, two 55-cm arms, and two 20-cm goal boxes. 
The arms and goal boxes differed visually: One was black and 
the other white. Each arm was closed by a flap of  the same 
color, hinged to the top: The rat swung the flap open as it 
entered the arm. 

After habituation to the apparatus lasting 2 days, a pellet 
of  food (Quaker cereal) was placed in the white-left goal box 
and each rat was submitted to one daily trial for 6 days. Train- 
ing took place between 2:00 and 4:00 p.m. For each trial, the 
arm chosen and the latency to enter it were recorded. If  the 
rat did not enter either arm within 180 s (refusal of choice), 
the trial was stopped and the animal taken from the apparatus 
and placed in its home cage. 

Retention and reversal. Two weeks after the last training ses- 
sion, each rat was submitted to a daily retention trial lasting 3 
days in the same conditions. On the fourth day, the pellet of  
food was placed in the black-right goal box and rats were 
given one daily trial for 6 days in a reversal paradigm. 

Each age group was divided as follows: 36 young females 
into 12 controls sham-operated and injected with vehicle, 12 
ovariectomized animals injected with vehicle, and 12 injected 
with D-Trp6-LHRH and sham operated; and 32 middle-aged 
females into 10 controls sham-operated and injected with vehi- 
cle, 11 ovariectomized animals injected with vehicle, and l 1 
injected with D-Trp6-LHRH and sham operated. 

Rats were paired by previous performance into the three 
groups. Twenty days after ovariectomy and 10 days after ad- 
ministration of  D-Trp6-LHRH, animals underwent retraining 
in the T-maze in the conditions of  reversal. The following 
day, the visual and kinesic cues were removed: Both arms 
and goal-boxes were colored like the straight alley. The flaps 
remained black and white and were put at random on the left 
or right. Rats had to learn to choose the arm closed by the 
black flap. Hence, they had to ignore spatial and kinesic cues 
and use only the visual cue. 
Open field. As D-Trp6-LHRH had been shown to have a po- 
tent inhibitory effect in mice in the open-field test (19), explor- 
atory activity was tested twice in the open field, first after 
acquisition of the T-maze, prior to retention, and second after 
gonadectomy and injection of LHRH. The open field, mea- 
suring 1 × 1 m, was divided into 10 × 10-cm squares. Loco- 
motion, central ambulation, rearing, grooming, and defeca- 
tion were measured over a 5-rain period. 

Statistical Analysis 

The correct choices were compared by X 2 analysis. Analysis 
of  variance (ANOVA) with repeated measures was performed 
on the latencies of  choices. 

RESULTS 

Influence of  Age on Learning 

The results are presented in Figure I. 

1. During acquisition of  the T-maze, latency of choice de- 
creased, F(5, 330) = 21.5, p < 0.001, and the number of 
correct choices increased. However, no difference was ob- 
served between the two groups. The older rats chose faster 
than the younger ones but the differences were not signifi- 
cant due to the wide intragroup variations. 

2. Interruption of  training induced, for both groups, an in- 
crease in the latency of choice, F( I ,  66) = 12.32, p < 
0.001, on the first trial of retention compared to the end of 
acquisition. There was a main effect of  age during retain- 
ing, F (1 ,  66) = 4 .7 ,p  < 0.05: Middle-aged females chose 
faster than younger ones. 

3. During reversal, the difference in the mean running time 
was maintained between young and middle-aged females. 
However, the learning of  reversal was identical for the two 
groups. 

4. Testing in the open field revealed only a difference in total 
locomotion, F(1, 66) = 5.99, p < 0.002, between the two 
groups. There was an increase in locomotion in middle- 
aged rats. 

Other parameters were not modified, F(1, 66) < 0.2, n.s. 
(see Table 1A). 

Conclusion. There was no difference in learning, retention, 



LHRH AND APPETITIVE LEARNING 1007 

6 0 ,  

5 0 ,  

4 0 ,  

3 0 ,  

2 0 ,  

1 0 ,  

0 . 

7: 
s e c  SO, 

40,  

20,  

10,  

0 .' : " I I I 
1 2 3 4 5 6 

s e c  

I I I 
1 2 3 

6 0  

5 0 ,  

4 0  

3 0 ,  

2 0  

1 0 ,  

0 

0 

s e c  

~ 0  

.___._ 

: : : : - : 

1 2 3 4 S 6 

TRIALS 

1 0 0  

9 0  

8 0  

7 0  

6 0  

5 0  

4 0  

3 0  

20  

1 0  

0 

o/° 1 0 0 ,  

gO,  

8 0 ,  

7 0 ,  

8 0 ,  

5 0 ,  

4 0 ,  

3 0 ,  

l O ,  

1 0 ,  

0 I I I 

0 1 2 3 4 5 6 0 1 2 3 0 

1 0 0  

9 0  

8 0  

7 0  

6 0  

50  

4 0  

3 0  

20  

10  

0 

% 

1 2 3 4 5 6 

TRIALS 

FIG. 1. Acquisition (A), retention (B), and reversal (C) of  the discrimination in the T-maze. Middle-aged females ( 0 )  showed lower latencies 
of  choices (top) than younger females (©) .  The decrease of  latencies was significant in retention and reversal. However, there was no difference 
in the percentage of  correct choices (bottom) between the two groups throughout the three phases of  training. *Indicates a main effect of age on 
the latencies. 

and reversal of the T-maze between young and middle-aged 
females. However, a clear-cut decrease in choice latencies was 
seen in the middle-aged group throughout the training that 
cannot be explained by a difference of general activity. 

Effect of  Gonadectomy and D-Trp6-LHRH 

Retention of  the T-maze (Fig. 2). As previously seen, the 
latency o f  choice  was  greater in y o u n g  rats than in older ones,  
F ( I ,  65) = 4.7,  p = 0.05. There was no difference in correct 
choices between controls, ovariectomized, and injected rats, 
regardless of age group, either in retention or reacquisition 
(X < 1.45, n.s.). Animals in general showed an enhancement 
of correct choices more obvious in middle-aged (x 2 = 6.24, 
p < 0.02) than in younger o n e s  (~(2 = 3.84, p = 0.05) during 
retraining. 

Acquisition on visual cue. Acquisition was measured by 
the increase in the correct choices made when the black flap 
was placed on the left arm, which was previously nonrein- 
forced (Fig. 3). The number of correct choices on this side 
increased throughout the training, F(1, 65) = 6.8, p = 0.02. 
For the first time, younger rats learned faster: Comparison 
using a paired t-test showed that the left correct choices in- 

creased on the third day while they increased only in the sixth 
trial for middle-aged females. Moreover, though, no signifi- 
cant difference was seen in the ovariectomized groups; marked 
enhancement of the efficiency of injected young rats was ob- 
served. Figure 4 shows that the preference for the previously 
reinforced right side, stronger in all groups, specifically in the 
older groups, has disappeared only in the injected young 
group (x 2 = 4 .2 ,p  < 0.05). 

It is noteworthy that injection had no effect on middle- 
aged rats. The two injected groups differed significantly with 
regard to side preference (X 2 = 5.3,p < 0.05). 

Open-field behavior. Open-field activity is presented in Ta- 
ble 1. In the second test, as in the first, ANOVA revealed a 
main effect of age only on total locomotion, F(I,  65) = 4.1, 
p = 0.054. 

No effect of treatment (Table 1B) was found for either the 
second test or evolution between the first and second tests. 

When the open-field activity data were analyzed separately 
for each age, only the effect of treatment on grooming reached 
an acceptable level of significance in the younger group, F(2, 
35) = 3.3, p = 0.05, due to a decrease in the injected group 
(2 vs. 9). 

Hormone levels. Ovary weight and E2 and progesterone 



1 ~ 8  N A U T O N  ET AL. 

T A B L E  1 

ACTIVITY IN THE OPEN FIELD BEFORE (A) AND AFTER (B) TREATMENT WITH 
THE ANALOG OF LHRH OR GONADECTOMY 

TABLE 1A 

Total Central 
Animals Locomotion Locomotion R e a r i n g s  G r o o m i n g  Defecations 

Youngers 
a 332 57 27 2.6 - 0.4 
b 60.9 16 5.9 2.2 1.15 

Middle aged 
a 360* 58 26 2.4 0.36 
b 31.6 15.1 5.2 1.5 0.9 

TABLE 1B 

Total Central 
Animals Treatment Locomotion Locomotion R e a r i n g s  G r o o m i n g  Defecations 

Youngers 
Controls 

a 323 58 18 2 0.4 
b 42.6 14.6 4.3 1.1 1.1 

Gonadectomized 
a 310 54.2 22.5 1.4 0.1 
b 38.4 15 5.7 1.3 0.3 

Injected D-Trp 6 LHRH 
a 338 51 21.3 0.91" 0 
b 57.5 14.2 7.1 0.8 0 

Middle aged 
Controls 

a 352.2* 58 18.4 2.2 0 
b 32.4 12.3 4.8 1.8 0 

Gonadectomized 
a 330 61 17.3 1.91 0.4 
b 52 22.2 5.3 1.4 1.1 

Injected D-Trp ~ LHRH 
a 326 48 18 2,1 0 
b 68 17.3 5.9 1.9 0 

*Significant decreased with respect to youngers.(a), mean; (b), standard deviation. 
tSignificant decrease with respect to controls of the same group. 

levels were identical in the two groups,  F(1, 41) < 1.37, n.s. 
(Table 2). 

There was an effect o f  injection on the weight o f  ovaries,  
F ( I ,  4 1 ) =  58, p < 0.0001, which decreased in injected 
groups. There was no difference in E2 levels, F ( I ,  41) = 0.41, 
n.s. ,  but the progesterone level fell, F ( I ,  41) = 21.45, p < 
0.0001. 

DISCUSSION 

Changes in Learning and Memory During Aging 

There was no age difference in learning, retention, and 
acquisit ion of  reversal of  discrimination in the T-maze, This 
had already been observed in a previous experiment (27). 
Barnes et al. (5) also reported that young and old animals 
learn to find the correct goal in a T-maze equally rapidly. This 
agrees with general findings that age-related impairment  is a 
function o f  task complexity.  

As stressed by Barnes (4), animals can use different  strate- 

gies in the two-choice discrimination problem in the T-maze: 
They can remember where the goal is in the environment,  
based upon the distal cues in the testing room (spatial strat- 
egy), remember to turn right or left for reward (response strat- 
egy), or  remember  a salient cue in the arm itself and always 
choose this arm (cue strategy). It has been found that older 
rats rarely use spatial memory  whereas young rats frequently 
do. 

In the second part of  the experiment, spatial and motor  
strategies were irrelevant. Animals could only use the salient 
visual cue. In this condition, impairment  appeared in middle- 
aged females compared to younger ones. Several explanations 
can be proposed for this, but the design of  the experiment 
does not  enable us to decide between them. First, the impair-  
ment  may be due to the increase in complexity o f  the task. 
Second, older rats may be unable to use cue strategy. Third,  
middle-aged rats may show more perseverative behavior that 
may be associated with a more rigid response strategy, as has 
been shown for older animals (13,14). However ,  it can be 
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FIG. 2. Effect of gonadectomy and D-Trp6-LHRH administration on retention. Latencies of choices (in seconds) are 
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noted that no perserverative response was seen in reversal in 
middle-aged animals. 

A striking effect of  age was seen on the latencies of  choice. 
They were always shorter in the middle-aged group. This had 

already been observed in another experiment (27) and is cer- 
tainly related to the greater locomotor activity in the open 
field. This augmentation of  locomotor activity is a novel find- 
ing and may be strain dependent. 
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FIG. 4. Mean correct choices of right side (~)  (previously reinforced) and left 
choices ( ) (previously nonreinforced side). The preference for the previously rein- 
forced right side is stronger in all groups, specifically in older groups. The preference 
disappeared only in the injected young group (*different compared to controls of the 
same group of age). **Injected middle-aged group differed significantly with regard 
to side preference compared to injected younger group. 

It can be noted that  peripheral hormonal  levels, similar in 
the two groups,  cannot  account  for the behavioral  differences. 
Rats were food restricted; this food restriction induces a 
blockade o f  cycles and a state o f  pseudopregnancy,  allow- 
ing a comparat ive study between young mature  and middle- 
aged female rats in similar peripheral reproductive hormonal  
states. 

Effects of 1> TrpLLHRH 

Administrat ion of  the analog o f  L H R H  reduced ovary 
weight and decreased the ovary progesterone content,  whereas 
E2 content was not  modified.  Thus, as expected, administra- 
t ion o f  D-Trp6-LHRH resulted in inhibition o f  the ovaries. 
The mode of  action o f  this analog is undoubtedly complex, 

T A B L E  2 

MEAN (A) AND STANDARD DEVIATION (B) OF OVARY 
WEIGHT AND HORMONE LEVELS 1N CONTROL AND D-TRP 6 

LHRH-TREATED YOUNG AND MIDDLE-AGED FEMALES 

Ovary Weight E2 Progesterone 
(mg) (pg/mg) (ng/mg) 

Youngers 
Control 

a 31 6.7 30.9 
b 1.9 0.6 2.1 

Injected D-Trp6-LHRH 
a 20* 15.74 12.4' 
b 0.3 0.8 23.4 

Middle aged 
Control 

a 34 15.9 28.9 
b 8.7 20.3 17.7 

Injected D-Trp6-LHRH 
a 21" 12.8 13.3" 
b 5.5 18.2 15.5 

There was no difference between younger and middle-aged females. 
Treatment with analog of LHRH reduced ovaries weight and decreased 
progesterone content in both groups whereas E2 content was not modified, 

*Significantly different (p < 0.05) compared to controls. 
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possibly involving down regulation of ovarian luteinizing hor- 
mone (LH) and follicle-stimulating hormone (FSH) receptors 
and a direct antigonadal effect (6,17). Thus, LHRH receptors 
have been characterized in rat ovarian tissue, in particular on 
luteal cells (6), leading to a reduced progesterone secretion. 
Our results agree with these data and show that the antigo- 
nadal action was similar in the two age groups. 

The main results for the behavioral effect of the analog 
D-Trp6-LHRH are as follows: 

1. Administration of D-Trp6-LHRH did not modify general 
activity as measured in the open field. In mice, Kadar et 
al. (19) found a potent inhibitory effect for injection of 
100/~g/kg of this analog in the open-field test: Ambula- 
tion, rearing, and grooming were significantly reduced. In 
our experiment, only grooming decreased in the injected 
group. Discrepancies could be attributed to the species, 
dose, and mode of administration of the peptide. These data 
show that the dose used in our experiment was relatively 
moderate. 

2. Administration of D-Trp6-LHRH enhanced the acquisition 
of the visual discrimination of the T-maze in young mature 
females. LHRH has been found to modify passive and 
active avoidance responses in male rats. Both enhancement 
(8,26) and impairment (25) have been reported. It seems 
that the effect observed depended upon the time of injec- 
tion, injected dose (23), and intensity of the foot-shock 
applied (24). This study shows that LHRH may also affect 
positively reinforced tasks. However, although the data 
obtained suggest an improvement in acquisition another 
interpretation is possible: As shown in Fig. 3, the left cor- 
rect choices are significantly enhanced but the right correct 
choices are simultaneously decreased (90 to 70%), as if rats 
are leaving perseverative responses in previously reinforced 
right side and adopting a perseverative response in the left 
side. Thus, the analog of LHRH may be promoting the 
change of strategy, not the learning. 

The literature reports either facilitation of conditioned 
avoidance response (9) or absence of effect in a differential 
reinforcement of low rates (DRL) task after ovariectomy 

(22). In this experiment, ovariectomy is ineffective in modi- 
fying performance. Consequently, a direct action on the 
CNS is probable. This is also supported by the fact that 
middle-aged females showed an ovarian response to the 
analog of LHRH without showing any behavioral re- 
sponse. 

3. Administration of D-Trp6-LHRH had no action on middle- 
aged females, whereas it inhibited ovary function in both 
groups. It failed to counteract the deleterious effect of age 
on performance, showing that the deficit in learning was 
not linked to a deficit in LHRH. Further evidence is the 
ineffectiveness of ovariectomy in young rats. Ovariectomy 
led to a >50% reduction in net stimulated release of 
LHRH in young rats but did not alter the release of LHRH 
in middle-aged females (3); however, it may be that the 
response of hypothamic and/or other central LHRH re- 
ceptive cells (in particular those present in limbic struc- 
tures) is adversely affected in middle age. 

A large amount of data suggests that the deficit in aging 
females is not in the secretory machinery of the LHRH 
neuron itself but rather in other inputs that govern the 
function of the hypothalamic axis. An indirect action of 
D-Trp6-LHRH, for example, through the ovarian proges- 
terone (28), is also possible. 

In addition, several neurotransmitters are known to regu- 
late the reproductive axis in young female rats (15). Consider- 
able data suggest that norepinephrine, dopamine, and seroto- 
nin exert important neurochemical influences on LHRH 
release. Lower activities of catecholamines and a higher activ- 
ity of serotonin in the hypothalamus of old rodents have been 
reported (7,16). Changes in diurnal rhythms of neurotransmit- 
ter activity occur during middle age in female rats (33). 
Changes in the activity of these neurotransmitters could also 
play a role in the deficit observed in middle-aged rats and the 
ineffectiveness of administration of LHRH. Due to the subtle 
complexity of the deterioration of the reproductive system, 
the difference in behavioral effects of the LHRH along be- 
tween young and middle-aged females remains unexplained; 
further work on this is planned. 

REFERENCES 

1. Alliot, J.; Alexinsky, T. Food-restriction interacts with vasopres- 
sin modulation of activity. Physiol. Behav. 50:213-220; 1991. 

2. Alliot, J.; Giry, N. Acquisition of a matching-to-sample task in 
young and middie-aged male and female rats. Neuroreport 2:101- 
104; 1991. 

3. Barnca, A.; Bhasker, K. R. Postovariectomy decline in the vitro 
release of LH-releasing hormone is not manifested in aging fe- 
male rats. Neuroendocrinology 52:497-502; 1990. 

4. Barnes, C. A. Aging and the physiology of spatial memory. Neu- 
robiol. Aging 9:563-568; 1988. 

5. Barnes, C. A.; Nadel, L.; Honig, W. K. Spatial memory in senes- 
cent rats. Can. J. Psychol. 34:29-39; 1980. 

6. Clayton, R. N.; Harwood, J. P.; Catt, K. J. Gonadotropin- 
releasing hormone binds to luteal cells and inhibits progesterone 
production. Nature 282:90-95; 1979. 

7. Demarest, K. T.; Riegle, G. D.; Moore, K. E. Characteristics of 
dopaminergic neurons in the aged male rats. Neuroendocrinology 
31:222-227; 1980. 

8. De Wied, D. Behaviourally active ACTH analogues. Biochem. 
Pharmacol. 24:1463-1468; 1975. 

9. Diaz-Veliz, G.; Soto, V.; Dussaubat, N.; Mora, S. Influence of 
the estrous cycle, ovariectomy and estradiol replacement upon 

the acquisition of conditioned avoidance response in rats. Phys- 
iol. Behav. 46:397-401; 1989. 

10. Finch, C. E.; Felicio, L. S.; Mobbs, C. V.; Nelson, J. F. Ovarian 
and steroidal influences on neuroendocrine aging processes in 
female rodents. Endocrinol. Rev. 5:467-497; 1984. 

11. Furr, B. J. A.; Hutchinson, F. G. Biodegradable sustained release 
formulation of the LH-RH analog, Zoladex, for the treatment of 
hormone responsive tumors. In: Shroeder, F. H.; Richards, B,, 
eds. Progress in clinical and biological research. Vol. 185A. 
EORTC genito-urinary group monograph 2, part A: Therapeutics 
principles in metastatic prostatic cancer. New York: Alan R. Liss; 
1985:143-146. 

12. Furr, B. J. A.; Woodburn, J. R. Luteinizing hormone-releasing 
hormone and its analogues: A review of biological properties and 
clinical uses. J. Endocrinol. Invest. 11:535-557; 1988. 

13. Goodrick, C. L. Learning, retention, and extinction of a complex 
maze habit for mature-young and senescent Wistar albino rats. J. 
Gerontol. 23:298-304; 1968. 

14. Goodrick, C. L. Problem solving and age: A critique of rodent 
research. In: Sprott, R. L., ed. Age, learning ability, and intelli- 
gence. New York: Van Nostrand Reinhold; 1980:5-25. 

15. Hoffman, G. E.; Wray, S.; Goldstein, M. Relationship of cate- 



L H R H  A N D  A P P E T I T I V E  L E A R N I N G  1013 

cholamines and LHRH: Light microscopic study. Brain Res. Bull. 
9:417-430; 1982. 

16. Huang, H. H.; Simpkins, J. W.; Meites, J. Hypothalamic norepi- 
nephrine (NE) and dopamine (NA) turnover and relation to LH, 
FSH and prolactin release in old female rat. Endocrinology 
100(suppl.):331; 1977. 

17. Jones, P. B. C.; Corm, P. M.; Mariaan, J.; Hsueh, A. J. W. 
Binding of gonadotropin releasing hormone agonist to rat ovarian 
granulosa cells. Life Sci. 24:1103-1105; 1980. 

18. Jucker, M.; Oettinger, R.; B~ittig, K. Age-related changes in 
working and reference memory performance and locomotor ac- 
tivity in the Wistar rat. Behav. Neurol. Biol. 50:24--36; 1988. 

19. Kadar, T.; Telegdy, G.; Schally, A. W. Partial reversal of behav- 
ioral action of the agonist D-Trp~-LHRH by naloxone in mice. 
Life Sci. 46:463-470; 1985. 

20. Kendrick, K. M.; Dixson, A. F. Luteinzing hormone releasing 
hormone enhances proceptivity in a primate. Neuroendocrinology 
41:449-453; 1985. 

21. Leblanc, P.; CrumeyroUe, M.; Latouche, J.; Jordan, D.; Fillion, 
G.; L'Heritier, A.; Kordon, C.; Dussaillant, M.; Rostene, W.; 
Haour, F. Characterization and distribution of receptors for go- 
nadotropin-releasing hormone in the rat hippocampus. Neuroen- 
docrinology 48:482-488; 1988. 

22. Lentz, F. E.; Pool. G. E.; Milner, J. S. Effects of ovariectomy 
and hormone replacement on DRL behavior in the rat. Physiol. 
Behav. 20:477-480; 1978. 

23. Mora, S.; Diaz-Veliz, G. Influence of luteinizing-hormone- 
releasing hormone (LHRH) on the behavioral effects of amphet- 
amine in rats. Pharmacol. Biochem. Behav. 19:157-161; 1983. 

24. Mora, S.; Diaz-Veliz, G. Luteinizing-hormone-releasing hormone 
modifies retention of passive and active avoidance responses in 
rats. Psychopharmacology (Berl.) 85:315-318; 1985. 

25. Mora, S.; Nasello, A. G.; Mandelli-Lopes, M. Luteinizing- 
hormone-releasing hormone (LHRH): Depressant effect on rat 
conditioned avoidance behavior. IRCS Med. Sci. 8:933; 1980. 

26. Mora, S.; Nasello, A. G.; Mandelli-Lopes, M.; Diaz-Veliz, G. 
LHRH and rat avoidance behavior: Influence of castration and 
testosterone. Physiol. Behav. 30:19-22; 1988. 

27. Nauton, P.; Giry, N.; Alliot, J. Performance of female rats in 
learning does not change linearly with age. Neurobiol. Aging. 
(Submitted). 

28. Park, O. K.; Ramirez, V. D. Pregnanolone, a metabollte of pro- 
gesterone, stimulates LH-RH release: In vitro and in vivo studies. 
Brain Res. 437:245-252; 1987. 

29. Riskind, P.; Moss, R. L. Effects of lesions of putative LHRH- 
containing pathways and midbrain nuclei on lordotic behavior 
and luteinizing hormone release in ovariectomized rat. Brain Res. 
Bull. 4:203-205; 1979. 

30. Rubin, B. S.; Bridges, R. S. Alterations in luteinizing hormone- 
releasing hormone release from the mediobasai hypothalamus of 
ovariectomized, steroid-primed middle-aged rats as measured by 
push-pull perfusion. Neuroendocrinology 49:225-232; 1989. 

31. Rubin, B. S.; Elkind, Hirsch, K.; Bridges, R. S. Hypothalamic 
LHRH in aging rats: Effects of ovariectomy and steroid replace- 
ment. Neurobiol. Aging 6:343-351; 1984. 

32. Steger, R. W.; Peluso, J. J. Sex hormones in the aging females. 
Endocrinol. Metabol. Clin. 16:1027-1043; 1987. 

33. Wise, P. M. The role of the hypothaiamus in aging of the female 
reproductive system. J. Steroid Biochem. 27:713-719; 1987. 

34. Wise, P. M.; Cohen, H. R.; Weiland, N. G. Changing hypothala- 
mic function and its role in aging of the female reproductive 
system. In: McCann; Weiner, eds. Integrative neuroendocrinol- 
ogy: Molecular, cellular and clinical aspects. Basel: Kargel; 1987: 
80-91. 


