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Abstract. Concentrations of circulating LH were determined in conscious, free-moving ovari- 
ectomized rats. All of the animals had been ovariectomized at 24 days of age. Between 30 and 
90 days there was an increase in mean blood LH concentrations; a more vigorous pulsatile 
release of LH characterized by an increase in amplitude and frequency of LH release; and an 
elevated responsiveness to LHRH administration. Rats which had been ovariectomized for 1 
year still had elevated blood LH levels but had episodic pulses of reduced amplitude and a 
decrease in responsiveness to LHRH. These data suggest that important alterations occur with 
age in the neuroendocrine mechanisms responsible for the release of LH. 

Ovariectomy (OVX) of the mature rat re- 
sults in a rise in plasma luteinizing hormone 
(LH) and the establishment of an active pul- 
satile release of LH from the pituitary (1). 
This episodic pattern of LH release occurs 
in both OVX and intact prepubertal animals 
(2, 3) and continues in the aged animal (4). 
However, at about 10 months of age intact 
rats will begin to show signs of reproductive 
dysfunction (5-8) and eventually exhibit re- 
productive failure (9). A previous report in- 
dicated that aging also results in a modifi- 
cation in the episodic release of LH leading 
to a decrease in LH pulse amplitude without 
an alteration in pulse frequency (4). To date 
no study has examined the long-range neu- 
roendocrine changes which occur as a result 
of gonadectomy at an early age. We therefore 
examined the pulsatile release of LH in OVX 
rats between 30 and 365 days of age in an 
effort to determine the changes that occur in 
the temporal release of LH in the absence of 
feedback control by the ovary. 

Materials and Methods. Twenty-one-day- 
old Sprague-Dawley rats were purchased 
from Charles River Breeding Labs, Inc. The 
animals were caged in groups of three in a 
room with controlled temperature and light- 
ing (L:D, 14: 10) and were fed rat chow and 
water ad libitum. All the animds were ovari- 
ectomized at 24 days of age. Cannula were 
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implanted into the right atrium of each an- 
imal 2 days prior to the first blood collection. 
The animals were housed in individual cages 
and bled at 30 days, 90 days, or at 1 year of 
age. At the time of blood sampling each can- 
nulated animal was connected to a cannula 
extention tube which protruded through the 
top of the cage and permitted free movement 
of the animal. The animals were then left 
undisturbed for 30 min prior to the start of 
the bleeding procedure. Over a period of 90 
min, blood samples (75 pl) were withdrawn 
at 10-min intervals in the 30-day-old ani- 
mals, while samples (50 pl) were taken at 5- 
min intervals in the older animals. An equal 
volume of physiological saline was returned 
to the animal following each bleed. After the 
90-min samples were withdrawn a single in- 
jection of LHRH (20 ng/100 g body wt- 
Beckman Lt No. B90623) was administered 
to each animal through the cannula. Final 
blood samples were taken 10 and 20 min after 
LHRH administration. Whole blood samples 
were analyzed using the LH radioimmuno- 
assay kit provided by NIAMDD. LH values 
(ng/ml whole blood) are expressed in terms 
of the NIAMDD rat LH-RP- 1 reference prep 
aration. The intraassay variation for the LH 
assay was 5.8% and the interassay variation 
for the last 7 assays was 4.8%. 

Fluctuations in blood levels of LH for each 
animal were analyzed by a cycle detection 
program (10). Cycle frequency and ampli- 
tude were determined using an iterative pro- 
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TABLE I. CHARACTERISTICS OF PULSATILE LH 
RELEASE IN OVARIECTOMIZED RATS AT 30 

AND 90 DAYS OF AGE AND AT 1 YEAR 

Period 

Age (ng/ml) (ng/ml) in min) 
Mean LH Amplitude (cycle length 

30days(lI) 9 6 k  13 72 f 12 34.3 +- 2.1 
90 days (15) 219 k 12* 140 f 16** 25.5 +- 1.9.. 
I year (6) 169 * IS*** 95 k lo*** 21.8 k 2.8 

Note. All of the rats were ovariectomized at 24 days of age. 
Values represent mean f SEM. Number of animals are shown 
in parentheses. 

* P < 0.001 vs 30-day-old animals. 
** P < 0.01 vs 30-day-old animals. 

*** P < 0.05 vs 90-day-old animals. 

cedure that scanned the data to locate se- 
quential increases and decreases which were 
greater than a predetermined threshold value. 
The cycle detection program provided good 
estimation of cycle frequency and amplitude 
with signal-to-noise ratios as low as 2: 1. Sta- 
tistical comparisons were made using the 
Student’s t test, and a P < 0.05 was consid- 
ered significant. 

Results. Between 30 and 90 days of age 
there was approximately a 100% increase in 
the mean concentration of circulating LH 

(Table I). Although animals which had been 
OVX for nearly 1 year still had elevated 
mean blood levels of LH compared to pre- 
pubertal castrates, the levels were signifi- 
cantly less (P < 0.05 than those observed at 
90 days of age. A pulsatile pattern of LH 
release was observed for all the OVX rats in 
the three age groups examined. The episodic 
release of LH of 12 representative animals 
is given in Fig. 1. The animals selected were 
chosen to illustrate the variation observed in 
LH secretion at each representative age. 
Analysis of the cycles of LH release showed 
that while the average pulse amplitude was 
increased by approximately 100% between 
30 and 90 days of age (Table I), the period- 
icity of the pulses was greatly reduced (P 
< 0.01). Long-term OVX animals had a sig- 
nificantly (P -= 0.05) reduced average pulse 
amplitude compared to the animals at 90 
days but the values did not differ from those 
originally observed at 30 days of age. Al- 
though there appeared to be a further reduc- 
tion in pulse periodicity in the older animals, 
the values were not significantly different 
from those observed in the younger animals. 

LH levels rose sharply in all the animals 
in response to LHRH treatment but the 
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FIG. 1 .  The episodic release pattern of LH for twelve representative ovariectomized rats (ad)  at three 
different ages. 
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FIG. 2. LH release following LHRH administration in ovariectomized rats. Dose of LHRH = 20 ng/ 
100 g body wt. Same rats as in Table 1 .  Blood levels of LH differed significantly (P < 0.00 1) from 
preinjection values at each age. LH concentrations following LHRH administration were significantly 
higher at 90 days (P < 0.001) and 1 year (P < 0.01) when compared to those values observed at 30 days 
of age. 

greatest increase (1 57%) occurred in 90-day- 
old animals (Fig. 2). The smallest increase 
(59%) in circulating LH was found in the 
oldest animals. 

Discussion. Pulsatile gonadotropin secre- 
tion is important and may be essential to the 
establishment of puberty and the initiation 
and maintenance of cyclic reproductive pat- 
terns. Periodic LHRH release is responsible 
for this episodic secretion of LH from the 
pituitary (1 1) indicating that the pituitary is 
under rhythmic hypothalamic control. 
Moreover, the pulsatile nature of LH release 
is influenced by a variety of factors which 
can impinge on the hypothalamus to modify 
either the frequency or amplitude of LHRH 
release. Previous studies have shown that es- 
trogen treatment led to a decrease in serum 
LH ( 12, 13) and a reduction in LH pulse fre- 
quency (14). Ovariectomy of a mature rat, on 
the other hand, prompts an increase in the 
magnitude of the LH pulses rather than a 
change in frequency (15). In this study we 
have shown that OVX of prepubertal animals 
led to a dramatic increase in mean concen- 
trations of blood LH between 30 and 90 days 
of age. This was the result of a combination 
of an increase in pulse amplitude and fre- 
quency. Long-term gonadectomized animals 
which had been OVX when 24 days of age 

demonstrated a decrease in LH pulse ampli- 
tude when compared to 90-day-old animals 
and showed no significant alteration in pulse 
frequency. The finding that pulse amplitude 
is changed rather than pulse frequency in the 
aged animal is in agreement with a previous 
report (4). Thus it appears that the most vig- 
orous release of LH occurs at an age when 
a rat would be expected to be most repro- 
ductively active. 

In addition to age-related alterations in the 
episodic release of LH there is ample evi- 
dence to suggest that there are changes in the 
neuroendocrine responsiveness to gonadec- 
tomy and LHRH stimulation. Young cycling 
rats and middle-aged rats (8-12 months old) 
showed no differences in blood LH concen- 
trations (7), but in older rats ( 16-36) LH con- 
centrations have been reported to be either 
elevated or lower than younger control ani- 
mals (5, 8, 16). More striking is the fact that 
ovariectomy resulted in a 44-fold increase in 
plasma LH in young rats but only a 4- to 8- 
fold increase in middle-aged animals (7). The 
ability of the pituitary gland to secrete LH 
in response to OVX is also markedly de- 
pressed in much older animals (14 months 
old) ( 17). Our study shows that the elevation 
in LH concentrations seen in 90-day-old 
OVX animals was retained for 1 year. In con- 
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trast was the finding that older rats showed 
a smaller increase in blood LH following 
LHRH injection than the 90-day-old animals 
(59% vs 157%). In support of this finding 
Watkins et al. (1  8) have also shown that pi- 
tuitaries of aged rats are less capable of re- 
leasing LH in response to acute LHRH ad- 
ministration. 

These results indicate that the following 
changes occur in the neuroendocrine system 
between 30 and 90 days: (i) elevation in mean 
blood LH concentrations, (ii) more frequent 
LH pulses of high amplitude, and (iii) a 
heightened responsiveness to LHRH. One- 
year-old OVX rats maintain increased levels 
of LH in response to castration, but have LH 
pulses of reduced amplitude and a compar- 
atively sluggish response to acute LHRH ad- 
ministration. These data suggest that the 
time-related alterations in LH secretion in 
the OVX rat may be due to several different 
mechanisms. Since pulsatile LHRH release 
is responsible for the pulsatile nature of 
plasma LH in OVX rats (1 l), an initial and 
prolonged increase in hypothalamic stimu- 
lation probably occurs in the 90-day-old fol- 
lowing OVX as a prepubertal animal. The 
lower LH pulse amplitude observed in 1- 
year-old OVX animals could result from an 
attenuated hypothalamic release of LHRH. 
An alternative explanation for the height- 
ened response of LH release at 90 days and 
subsequent decrease at 1 year could be a re- 
duction in the pituitary’s ability to store or 
to synthesize LH. Other studies have shown 
that pituitaries of old female rats contain less 
LH than pituitaries of corresponding youn- 
ger animals (19). In addition, a change in a 
neuroendocrine set-point (sensitivity) in the 
hypothalamus could produce a chronic 
change in pituitary hormone output over 
time. Finally, recent studies (20-22) also in- 
dicate that the number of pituitary receptors 
for LHRH are altered in response to castra- 
tion and aging. Thus, additional information 
is necessary to elucidate the precise neuroen- 
docrine mechanisms responsible for age-re- 
lated alterations in LH release. The changes 
in the episodic release of LH and respon- 
siveness to LHRH administration with age 
suggest that the aging process may have an 
influence on both the hypothalamus and the 
pituitary. 
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