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Pituitary Refractoriness to Luteinizing Hormone Releasing Hormone: Its
Importance in Ending the Luteinizing Hormone Surge in the Cyclic Rat (40881)
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Department of Anatomy, University of Nebraska Medical Center, Omaha, Nebraska 68105

Abstract. A study was conducted to assess the importance of pituitary refractoriness to
luteinizing hormone releasing hormone (LHRH) in ending the preovulatory surge of
luteinizing hormone (LH) and in modulating the associated surge of follicle-stimulating
hormone (FSH) in rat plasma. Phenobarbital-blocked proestrous rats were infused iv with
LHRH at a constant rate of 50 ng/hr to restore the rising and plateau phases of the spontane-
ous surges of LH and FSH in plasma. Refractoriness to LHRH was demonstrated for LH
but not FSH release when LHRH was infused beyond 2 hr. The plasma LH declined from
high levels from 2 to 4.5 hr of infusion while the plasma FSH remained at an elevated
plateau. The decline in plasma LH was not as rapid as that observed when the infusion was
ended. Injection of a large dose (1 ug) of LHRH at 2 or 3.5 hr after the start of infusion
caused substantial increases in plasma LH and FSH but only the LH response after the later
injection was less than that observed in other rats given the injection earlier. The results
suggest that pituitary refractoriness to LHRH plays a minor role in expediting the
decline in the plasma LH during the latter portion of the LH surge and that it has no

appreciable effect on the pattern of the plasma FSH at this time.

In the female rat, a preovulatory surge of
luteinizing hormone (LH) in serum occurs
during the afternoon and evening of proes-
trus. Associated with this increase in serum
LH is a rise in serum follicle-stimulating
hormone (FSH) concentrations. This rise in
serum FSH has been described as the first
phase of FSH release to differentiate it from
the second or selective phase of FSH re-
lease which starts during late proestrus and
continues into estrus at a time when LH is
low in serum (1-3).

It is now generally accepted that
hypothalamic LH releasing hormone
(LHRH) plays a major role in stimulating
the adenohypophysis to result in the LH
surge and first phase of FSH release
(4—10). There is evidence to suggest that
the end of the LH surge is the result of at
least two events, a decrease in hypotha-
lamic LHRH release and pituitary refracto-
riness to LHRH (7).

In the present study, we have assessed
the relative importance of the pituitary re-
fractory mechanism in ending the LH surge
and examined if pituitary refractoriness to
LLHRH may play a significant role in deter-
mining the pattern of the plasma FSH dur-
ing the early evening of proestrus.

Materials and methods. Virgin, female
Sprague—Dawley rats (Simonsen Labora-
tory, Gilroy, Calif.) were kept in a room
with automatically controlled temperature
(24-26°C) and lighting (light on 0500 to
1900 hr daily). Following a 3-week period of
acclimation to their quarters, rats were
monitored daily by vaginal lavage to deter-
mine the stage of the estrous cycle. Only
rats which displayed two or more consecu-
tive 4-day estrous cycles were used at
proestrus. The body weights of the rats
were 223 to 275 g at this time.

All rats were injected ip with sodium
phenobarbital (75 mg/kg body wt) between
1200 and 1300 hr proestrus to block the
proestrous increases in plasma LH and
FSH (3,7, 8). Two polyvinyl cannulae were
then implanted into the right atrium of the
heart as previously described (7) prior to
1400 hr. One cannula was used for constant
rate LHRH (Beckman, lot No. CO851) in-
fusion (50 ng/hr; 0.47 ml/hr). This proce-
dure restores and synchronizes the majority
of the proestrous LH surge and associated
rise in plasma FSH (7, 8). The other can-
nula was used for blood collections and the
pulse injection of 1.0 ug LHRH in 0.2 ml
saline.
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Rats were divided into one of the follow-
ing six groups of four to six rats each:

1. Saline infusion for 4.5 hr from
1500 to 1930 hr. Blood was col-
lected at 1500, 1630, 1700,
1710, 1730, and 1930 hr.

2. LHRH infusion for 3 hr from
1500 to 1800 hr. Blood was
collected at 1500, 1630, 1700,
1710, 1730, and 1800 hr.

3. LHRH infusion for 3 hr from
1500 to 1800 hr and a pulse
LHRH injection at 1700 hr.
Blood was collected at 1500,
1630, 1700, 1710, 1730, and
1800 hr.

4. LHRH infusion for 4.5 hr from
1500 to 1930 hr. Blood was
collected at 1500, 1800, 1830,
1840, 1900, and 1930 hr.

5. LHRH infusion for 4.5 hr from
1500 to 1930 hr. Blood was
collected at 1500, 1800, 1830,
1840, 1900, and 1930 hr.

6. LHRH infusion for 4.5 hr from
1500 to 1930 hr and a pulse
LHRH injection at 1830 hr.
Blood was collected at 1500,
1800, 1830, 1840, 1900, and
1930 hr.

The volume of the 1500-hr blood samples
was 0.6 ml. The volume of the remaining
samples was 0.5 ml. Thus, a total of 2.6 ml
was withdrawn from all rats prior to with-
drawing the last blood sample at which time
the experiment was ended. The total blood
volume removed from individual rats
ranged from 11 to 14%. However, each rat
received an injection of 0.0 to 0.4 ml saline
after each bleeding. The amount injected
was calculated to add to the volume of
saline vehicle infused to approximate re-
placement of the volume of blood with-
drawn.

Blood samples were centrifuged at 4°C
for 10 min to separate plasma from cells.
Plasma was stored frozen at —20°C until
subsequent radioimmunoassay of LH and
FSH by the method of Niswender et al. (11)
as described previously for LH (12) and
FSH (10). LH was measured in a single de-
termination on 100 ul plasma for the first
blood sample from each rat. The remaining
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samples were assayed in a single determi-
nation on 3 and 20 ul and in duplicate on 10
wl. The 10-ul duplicate determinations were
averaged. The amount of plasma which
caused nearest 40% displacement of the
iodinated LH from the anti-ovine LH sera
was used to calculate the LH value. FSH
was measured in a single determination on
150 wl plasma. LH and FSH are expressed
as micrograms per milliliter and nanograms
per milliliter plasma, respectively, in terms
of the NIAMDD reference preparations.
The blood samples withdrawn from the
saline-infused rats (Group 1) were assayed
for LH and FSH in a single assay for each
hormone. The remainder of the blood sam-
ples were assayed in a single assay for each
hormone. A serum pool was assayed for
LH (10 ul) and FSH (150 wl) in quadrupli-
cate in each assay. The intraassay coeffi-
cients of variation were less than 6 and 4%
for LH and FSH, respectively, while the
interassay coefficients of variation were 10
and 5%, respectively. The sensitivities of
the LH assays were <1 ng while those for
FSH were <20 ng. Statistical comparisons
of data were performed by one-way
analysis of variance for separate groups to
determine changes over time. Comparisons
between groups were made by two-way
analysis of variance (treatment and time pe-
riods). Subsequent Newman—Keuls tests
were performed. Student’s ¢ test was used
to test for significant differences in plasma
LH and FSH increments after pulse injec-
tions of LHRH. We consider any P value
less than 0.05 to indicate statistical signifi-
cance. Significance was tested at the 0.05
and 0.01 levels.

Results. Plasma LH and FSH concentra-
tions did not rise during a 4.5-hr infusion of
saline in five rats (not illustrated). The
plasma LH remained below 0.045 ug/ml
from 1500 to 1930 hr while the plasma FSH
never exceeded 210 ng/ml during this pe-
riod.

The mean plasma LH concentrations for
the remainder of the rats are shown in Fig.
1. As mean plasma LH values for the dif-
ferent groups of rats treated identically ini-
tially (LHRH infusion at 50 ng/hr) and bled
at the same times prior to and during
LHRH infusion were not different from
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FiG. 1. Effects of continuous constant-rate iv
LHRH infusion (50 ng/hr) and a bolus iv injection of 1
ng LHRH at either 1700 or 1830 hr on mean + SE
plasma LH concentration in phenobarbital-blocked
proestrous rats. Each point represents the mean of 4 to
25 values. Plasma LH decreased from 1700 to 1930 hr
during LHRH infusion and a pulse LHRH injection at
1700 hr with continued infusion was more effective
than that at 1830 hr with continued infusion in elevat-
ing the plasma LH.

each other, these data have been combined.
Infusion of LHRH at 50 ng/hr in the
phenobarbital-blocked rat caused plasma
LH concentration to rise by 1.5 hr to a level
within the high range of values observed
during the spontaneous LH surge (Fig. 1 vs
Ref. (14)). The plasma LH remained ele-
vated at an apparent plateau with an addi-
tional 0.5 hr infusion and fell gradually
during the following 2.5 hr of infusion from
1700 to 1930 hr (P < 0.01). This decline
represents pituitary refractoriness for LH
release in response to LHRH. Despite the
maintenance of constant elevated levels of
LHRH in the blood by this infusion tech-
nique (15), the plasma LH falls after reach-
ing peak or elevated plateau levels. The de-
cline in plasma LH represents a decrease
rather than a cessation of pituitary LH re-

LUTEINIZING HORMONE RELEASING HORMONE

lease in response to LHRH. Termination of
LHRH infusion caused LH to fall more
rapidly in the plasma (Fig. 1).

A bolus iv injection of a large dose (1 ug)
of LHRH at either 2.0 or 3.5 hr after the
start of infusion caused a large increase in
plasma LH (Fig. 1). The increases in LH
values above the plasma LH concentrations
observed during continued LHRH infusion
represent the additional effect of the 1 ug
LHRH administered by iv injection as the
infusion pump was not turned off after the
iv injection. The mean increment in plasma
LH (mean of LH increments for individual
rats) at 10 min after injection was greater (P
< 0.01) in rats injected at 2 hr than in those
injected at 3.5 hr after the start of infusion
(11.2 £ 3.2 vs 4.3 = 0.3 ug/ml).

The mean plasma FSH concentrations
for the same rats are shown in Fig. 2. As
mean plasma FSH values for the different
groups of rats treated identically initially
(LHRH infusion at 50 ng/hr) and bled at the
same times prior to and during LHRH infu-
sion were not different from each other,
these data have been combined. Infusion of
LHRH at 50 ng/hr caused the FSH to rise in
the plasma approximately three-fold by
1700 hr proestrus to levels which are similar
to those observed during the spontaneous
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Fic. 2. Mean + SE plasma FSH concentrations are
plotted for the same rats in which plasma LH was
measured and plotted in Fig. 1. Plasma FSH did not
decrease from 1700 to 1930 hr during LHRH infusion
and a pulse LHRH injection at 1700 hr with continued
infusion was not more effective than that at 1830 hr

with continued infusion in elevating the plasma FSH.
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FSH rise during proestrus (3, 8). In con-
trast to that observed for plasma LH, the
plasma FSH did not fall by 1930 hr during
continued LHRH infusion. The mainte-
nance of elevated FSH in the plasma repre-
sents continued pituitary FSH release in re-
sponse to LHRH. Cessation of LHRH infu-
sion caused plasma FSH to fall significantly
by 60 min after the end of infusion (P <
0.01).

A bolus iv injection of 1 ug LHRH at
either 2.0 or 3.5 hr after the start of the
continuous LHRH infusion caused a sig-
nificant increase (P < 0.05) in the plasma
FSH at 10 min after injection (Fig. 2). The
mean increments in plasma FSH at both 10
and 30 min after injection were not different
in rats injected with LHRH at 2.0 hr than in
those injected at 3.5 hr after the start of
infusion (296 = 61 vs 308 + 41 ng/ml at 10
min and 428 + 80 vs 363 = 70 at 30 min).

Discussion. Constant rate iv infusion of
LHRH at 50 ng/hr for a period of about 3 hr
followed by sequential decreases in the
LHRH infusion rate for an additional 3 hr
has been shown to simulate the spontane-
ous LH surge in the phenobarbital-blocked
proestrous rat (7, 13). During the 3-hr infu-
sion at 50 ng/hr, the plasma LH rose to an
elevated plateau within approximately 1.5
hr and remained there while LHRH was
maintained at a constant elevated level in
the blood (15). If LHRH infusion at 50 ng/hr
was continued beyond approximately 3 hr,
the LH declined gradually in the plasma de-
spite the maintenance of elevated levels of
LHRH in the blood. Comparison of the rate
of decline of LH in plasma in these rats with
that in rats in which the infusion was ended
as well as with that observed during the de-

clining phase of the spontaneous LH surge-

clearly suggested that the pattern of LH de-
cline in plasma during the spontaneous
surge is the result of at least two events, a
decrease in hypothalamic LHRH release
and a pituitary refractoriness to LHRH (7).

The results of the present study clearly
indicate that the role of pituitary refractori-
ness to LHRH in ending the LH surge is
likely only a modulatory one to decrease
pituitary LH release and thus, expedite the
fall in the plasma LH. The diminution in the
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pituitary LH response to LHRH which was
demonstrated by the continuous LHRH
infusion represents a relative rather than an
absolute decrease in the ability of LHRH to
release pituitary LH. The pituitary is not
releasing LH at its maximal potential after
the onset of pituitary refractoriness when
rats are infused with LHRH at 50 ng/hr.
When a large dose of LHRH was adminis-
tered to rats during the infusion and after
the onset of pituitary refractoriness, a rapid
substantial increase in plasma LH oc-
curred. It should be noted, however, that a
relative refractoriness to LHRH was also
demonstrated with the large dose of
LHRH. The magnitude of the LH response
was less than that which occurred when the
same dose of LHRH was administered
prior to the onset of pituitary refractoriness
at a time when LH and FSH were elevated
to a plateau. It is likely that with spontane-
ously controlled decreasing amounts of
hypothalamic LHRH being released during
the latter portion of the spontaneous LH
surge, the pattern of the decrease of LH in
plasma is modulated to decline somewhat
more rapidly due to a diminished ability of
the pituitary to release LH in response to
LHRH.

Pituitary LH refractoriness to LHRH is
demonstrated more strikingly when bar-
biturate-blocked proestrous rats are in-
fused continuously with LHRH at rates
greater than 50 ng/hr or for an extended pe-
riod of time. Infusion of LHRH at rates
greater than 50 ng/hr causes the plasma LH
to rise to a higher shortened plateau or to a
peak and then to fall rapidly thereafter (7,
16). Infusion of LHRH for 20 hr either at 52
or 156 ng/hr resulted in low plasma LH
concentration at the end of infusion. It was
assumed (16) that LHRH was no longer ef-
fective in releasing LH due to an exhaus-
tion of pituitary LH stores. However, an
exhaustion of pituitary LH stores cannot
explain pituitary refractoriness to LHRH
during the declining phase of the LH surge
as evidenced in the present study by the
rapid substantial rise in plasma LH ob-
served when 1 ug LHRH was administered
well after the onset of pituitary refractori-
ness. Correlation of pituitary LH concen-
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tration and the plasma LH response to
LHRH infusion with changes in the ul-
trastructural morphology of pituitary LH
cells has revealed that the refractory period
of LH release during the declining phase of
the LH surge is associated with a decreased
ability of LH cells to synthesize and pack-
age LH into granules in response to LHRH
(17). Thus, a decrease in the rate of LH
synthesis and packaging into granules could
result in less LH available for release in re-
sponse to constant or decreasing LHRH
stimulation and be, at least in part, the
mechanism by which the pituitary becomes
refractory to LHRH during the declining
phase of the LH surge.

Pituitary LH refractoriness to LHRH has
also been demonstrated in sheep (18, 19), in
the rhesus monkey (20), and in women (21,
22). Injection of 1 mg LHRH at 16 hr after
the start of a continuous LHRH infusion in
ovariectomized sheep failed to elevate the
plasma LH (19). As pituitary LH concen-
tration was not significantly decreased at
the end of the 20-hr infusion in these sheep,
it was concluded that pituitary refractori-
ness to LHRH is not due to depletion of
pituitary LH stores. Whether or not the re-
fractoriness to LHRH observed with ex-
tended long-term LHRH infusions which
was demonstrated in sheep (18, 19) and in
rats (16) is due to impairment in the
packaging of synthesized LH into granules
and/or intracellular transport of the LH to
make it available for release with LHRH
stimulation remains to be determined.

It is also possible that other mechanisms
may be responsible for refractoriness to
LHRH with extended long-term LHRH
infusions. A progressive decline in serum
LH and FSH concentration has been ob-
served after 4 hr of continuous LHRH infu-
sion in cyclic women (21, 22). As an acute
injection of 25 ug LHRH at the end of an
8-hr continuous LHRH infusion caused a
substantial increase in serum LH and FSH
(22), it was concluded that refractoriness or
decreased sensitivity may be the result of
negative feedback of estradiol or other
ovarian steroids at the pituitary. While
ovarian negative feedback may indeed be
involved in refractoriness to LHRH in the
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human since the LHRH infusion raised the
serum estradiol concentration (22), this
cannot explain refractoriness in the rat
under the conditions of this study. Acute
ovariectomy just prior to the onset of
LHRH infusion in the phenobarbital-
blocked proestrous rat did not alter the
plasma LH or FSH responses including the
decline in the plasma LH indicative of re-
fractoriness to the LHRH. It has also been
suggested that continuous LHRH stimula-
tion of the pituitary may not permit the re-
generation of LHRH receptors in the
rhesus monkey (20). Although such a
mechanism could be involved in pituitary
refractoriness during the declining phase of
the LH surge in the rat, its role at this time
would likely be minor. The pituitary will
respond rapidly and well to LHRH at this
time if the LHRH stimulus is raised. We
feel pituitary refractoriness to LHRH dur-
ing the declining phase of the LH surge in
the rat is more likely a reflection of a re-
duction in the (i) rate of LH synthesis, (ii)
the rate of packaging of LH in granules, and
possibly (iii) the transport of LH to make it
available for release with LHRH stimula-
tion (17).

In a previous study (8), pituitary FSH
refractoriness to LHRH during LHRH in-
fusion in phenobarbital-blocked proestrous
rats was only suggested at high LHRH infu-
sion rates. In the present study, pituitary
FSH refractoriness was not demonstrated.
Plasma FSH concentration did not fall
during a 4.5-hr LHRH infusion at 50 ng/hr.
Moreover, injection of a large dose of
LHRH at 3.5 hr after the start of infusion at
the time the pituitary was already refrac-
tory to LHRH in terms of LH release ele-
vated the plasma FSH as well as it did at 2.0
hr after the start of infusion. It therefore ap-
pears that the pattern of the plasma FSH
during the early evening of proestrus during
the latter part of the first phase of FSH re-
lease is not modulated to any appreciable
extent by pituitary refractoriness to LHRH.
Rather the decline in plasma FSH concen-
tration which is observed occasionally be-
tween the two phases of FSH release
spontaneously (3) and when the second
phase of FSH release is selectively blocked
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(23, 24) is likely due to a decrease in the
release of LHRH by the hypothalamus (8).
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