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Endotoxin Inhibits the Surge Secretion of
Gonadotropin-Releasing Hormone via a
Prostaglandin-Independent Pathway

KELLIE M. BREEN, HEATHER J. BILLINGS, NATHALIE DEBUS, AND FRED J. KARSCH

Reproductive Sciences Program and Department of Molecular and Integrative Physiology, University of Michigan,
Ann Arbor, Michigan 48109

Immune/inflammatory challenges, such as bacterial endo-
toxin, disrupt gonadotropin secretion and ovarian cyclicity.
We previously determined that endotoxin can block the es-
tradiol-induced LH surge in the ewe. Here, we investigated
mechanisms underlying this suppression. First, we tested the
hypothesis that endotoxin blocks the estradiol-induced LH
surge centrally, by preventing the GnRH surge. Artificial fol-
licular phases were created in ovariectomized ewes, and ei-
ther endotoxin or vehicle was administered together with a
surge-inducing estradiol stimulus. In each ewe in which en-
dotoxin blocked the LH surge, the GnRH surge was also
blocked. Given this evidence that endotoxin blocks the estra-
diol-induced LH surge at the hypothalamic level, we began to
assess underlying central mechanisms. Specifically, in view of

the prior demonstration that prostaglandins mediate endo-
toxin-induced suppression of pulsatile GnRH secretion in
ewes, we tested the hypothesis that prostaglandins also me-
diate endotoxin-induced blockade of the surge. The prosta-
glandin synthesis inhibitor flurbiprofen was delivered to-
gether with endotoxin and the estradiol stimulus. Although
flurbiprofen abolished endotoxin-induced fever, which is a
centrally generated, prostaglandin-mediated response, it
failed to reverse blockade of the LH surge. Collectively, these
results indicate endotoxin blocks the LH surge centrally, sup-
pressing GnRH secretion via a mechanism not requiring pros-
taglandins. This contrasts with the suppressive effect of en-
dotoxin on GnRH pulses, which requires prostaglandins as
intermediates. (Endocrinology 145: 221–227, 2004)

IMMUNE/INFLAMMATORY CHALLENGES, such as
bacterial endotoxin, potently suppress gonadotropin se-

cretion (1–4) and disrupt the ovulatory cycle in a number of
species (5–7). In terms of its effects on gonadotropin secre-
tion, endotoxin inhibits both pulsatile LH release and the
estradiol-induced LH surge. Considerable insight has been
gained into mechanisms whereby endotoxin suppresses pul-
satile LH secretion. For example, endotoxin disrupts both
hypothalamic and pituitary function, inhibiting pulsatile
GnRH secretion and pituitary responsiveness to GnRH (2, 8).
Furthermore, endotoxin appears to suppress pulsatile GnRH
and LH secretion indirectly, via a cascade of intermediates
that include cytokines, such as IL-1 and TNF-�, as well as
prostaglandins (3, 9, 10).

Surprisingly few studies have addressed mechanisms
whereby endotoxin blocks the estradiol-induced LH surge,
and those that have suggest the basis for inhibition of LH
pulses and surges may not be entirely the same. For example,
recent observations in ewes indicate that, unlike its acute
suppression of pulses, which occurs within 1 h (2, 8, 9),
endotoxin does not acutely inhibit LH release at the time of
the surge. Rather, endotoxin acts to block the LH surge some
10–20 h in advance of the LH surge itself (7). During this early
period in the surge induction process, the estradiol stimulus
activates estrogen-sensitive neurons and the positive feed-
back signal is transduced by processes that ultimately lead
to onset of the GnRH surge (11).

The present study consisted of two experiments to inves-
tigate mechanisms whereby endotoxin blocks the estradiol-
induced LH surge in the ewe. First, we determined whether
endotoxin blocks the LH surge centrally, interfering with the
ability of estradiol to induce the surge of GnRH monitored
in the hypophyseal portal circulation. Second, given prior
evidence that prostaglandins are essential mediators of en-
dotoxin-induced suppression of pulsatile GnRH and LH se-
cretion in ovariectomized ewes (9), we tested the hypothesis
that prostaglandins also mediate endotoxin-induced block-
ade of the LH surge. Our approach was to test whether the
prostaglandin synthesis inhibitor flurbiprofen reverses the
suppressive effects of endotoxin on the estradiol-induced LH
surge.

Materials and Methods
General methods

Experiments were conducted from November, 1999, through July,
2001, on mature, ovariectomized Suffolk ewes maintained under stan-
dard husbandry conditions at the Sheep Research Facility in Ann Arbor,
MI. All procedures were approved by the Committee for the Use and
Care of Animals at the University of Michigan. This study consisted of
two experiments. Experiment 1 was conducted during the nonbreeding
season and experiment 2 during the breeding season. Our prior work has
shown that estradiol induces a GnRH and LH surge in both the breeding
and nonbreeding seasons and that there is no seasonal difference in
sensitivity to the positive feedback action of estradiol (12, 13). In addi-
tion, endotoxin blocks both pulsatile and surge LH secretion in either
season (Refs. 7, 9, and 14; and Breen, K., and F. Karsch, unpublished).
Thus, interpretations in the present study are not compromised by
having conducted the two experiments in different seasons. Further-
more, each experiment was internally controlled justifying conclusions
made within each.

Endocrinology is published monthly by The Endocrine Society (http://
www.endo-society.org), the foremost professional society serving the
endocrine community.

0013-7227/04/$15.00/0 Endocrinology 145(1):221–227
Printed in U.S.A. Copyright © 2004 by The Endocrine Society

doi: 10.1210/en.2003-1102

221

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 20 October 2015. at 02:26 For personal use only. No other uses without permission. . All rights reserved.



We used an artificial follicular phase model (13) that is well charac-
terized in terms of estradiol signaling requirements for the GnRH and
LH surge (11, 12, 15). To set up the model, ewes were ovariectomized
aseptically under general anesthesia at least 4 wk before use. Then, an
artificial luteal phase was simulated by treating ewes for 10 d with a
1-cm, sc, estradiol-filled Silastic implant (16) (Dow Corning Corp., Mid-
land, MI) and two intravaginal progesterone-releasing devices (17) [con-
trolled internal drug-releasing (CIDR), InterAg, Hamilton, New Zea-
land]. These treatments maintain luteal phase serum concentrations of
estradiol and progesterone (�1 pg/ml and 2–4 ng/ml, respectively) (11,
13, 17). After 10 d (approximate length of progesterone elevation during
the natural luteal phase), an artificial follicular phase was created by
removing progesterone to mimic corpus luteum regression. Sixteen
hours later, four 3-cm estradiol implants (peak estradiol implants) were
inserted sc into the axillary region. These implants raise serum estradiol
to the peak follicular phase level (�5–8 pg/ml) within 1–2 h and induce
GnRH and LH surges beginning 18–24 h later (11, 12, 15). Escherichia coli
endotoxin (E. coli lipopolysaccharide, serotype 055 B5; Sigma Chemical
Co., St. Louis, MO) was dissolved in nonpyrogenic saline (20 �g/ml) and
injected as a bolus (400 ng/kg, iv) 45 min in advance of the estradiol
stimulus. Prior work indicates this endotoxin dose induces fever, pro-
vokes transient sickness behaviors (e.g. lethargy, labored breathing, and
diarrhea), activates the hypothalamo-pituitary-adrenal axis, inhibits
pulsatile GnRH and LH secretion, and can block the LH surge (1, 2, 7).

Experiment 1: does endotoxin disrupt the GnRH surge?

Eighteen ovariectomized ewes were surgically prepared for pituitary
portal blood collection and sampled 2 wk later using the procedure of
Caraty et al. (18), which permits sampling from fully conscious, mini-
mally stressed animals. Before portal blood collection, ewes were set up
in the artificial follicular phase model and given one of two treatments

as illustrated in Fig. 1A: vehicle (n � 7) or endotoxin (n � 11). The peak
estradiol implants were removed 12 h after their insertion to provide a
stimulus close to the minimal duration needed to induce the LH surge
in our animals (11). We selected this relatively short estradiol stimulus
based on the logic that the GnRH/LH surge might be more susceptible
to blockade than would be the case with a more prolonged (and pre-
sumably more powerful) estradiol stimulus. We previously observed
that endotoxin blocks the LH surge in approximately 70% of ewes
treated with a 12- to 14-h estradiol signal (Ref. 7; and Breen, K., and F.
Karsch, unpublished). Jugular blood was sampled at 1-h intervals. Pi-
tuitary portal blood was withdrawn continuously, dispensed into tubes
containing bacitracin to minimize GnRH degradation, and separated
into hourly fractions from 15–36 h after insertion of peak estradiol
implants. Rectal temperature was monitored hourly from 2 h before to
4 h after endotoxin to provide an independent assessment of efficacy of
the endotoxin challenge. After sample collection, ewes were killed with
a barbiturate overdose (Beuthanasia, Schering Plough Animal Health
Corp., Kenilworth, NJ), and the pituitary was inspected to confirm
appropriate placement of the lesion for sampling portal blood.

Experiment 2: does endotoxin disrupt the LH surge by a
prostaglandin-dependent mechanism?

This experiment tested whether flurbiprofen, which blocks the cy-
clooxygenase-1 and -2 enzymes required for prostaglandin synthesis
(19), would reverse endotoxin-induced inhibition of the LH surge. Flur-
biprofen (Sigma) was dissolved in 95% ethanol (100 mg/ml) and injected
as a bolus (2 mg/kg, iv, 1.0- to 1.5-ml injection volume) 30 min before
endotoxin and again 6 h later (design in Fig. 1B). This dose blocks fever
and reverses endotoxin-induced suppression of pulsatile GnRH and LH
secretion in ovariectomized ewes (8, 9). The experiment was conducted
according to a crossover design in which 10 ovariectomized ewes re-
ceived each of three treatments in a random sequence during successive
artificial follicular phases separated by 2 wk: 1) endotoxin, 2) endotoxin
plus flurbiprofen, and 3) vehicle for both endotoxin and flurbiprofen.
Estradiol implants were removed after 10.5 h (1.5 h earlier than in
experiment 1) to increase the likelihood that endotoxin would block the
LH surge. In this regard, results of experiment 1 indicated endotoxin was
less effective than anticipated in blocking the LH surge, and we have
evidence to suggest that shorter estradiol stimuli result in greater sus-
ceptibility to endotoxin-induced blockade of the surge (Ref. 7; and
Breen, K., and F. Karsch, unpublished). Jugular blood for LH assay was
sampled hourly by venipuncture from 0–38 h relative to insertion of
peak estradiol implants. This encompassed the presurge period, when
estradiol inhibits amplitude of GnRH and LH pulses (20, 21), as well as
the period of the LH surge. Rectal temperature was taken hourly from
4 h before to 6 h after endotoxin to determine efficacy of the endotoxin
challenge and confirm that flurbiprofen blocked fever, which is a pros-
taglandin-mediated response (22, 23). After the completion of sampling,
progesterone-releasing devices were again inserted intravaginally to
create a second and subsequently a third artificial luteal phase, and the
experiment was repeated with the treatments crossed over.

Hormone assays

LH concentrations were determined in duplicate aliquots (5–200 �l)
of plasma using a modification (24) of a previously described RIA (25,
26). Values are expressed in terms of NIH-LH-S12. Mean intra- and
interassay coefficients of variation were 6.0 and 5.8%, respectively, and
assay sensitivity averaged 0.9 ng/ml. GnRH was measured in duplicate
in methanol extracts of portal plasma (�250 �l of plasma extract per
assay tube) using a previously described RIA (12, 27). Intra- and inter-
assay coefficients of variation were 3.0 and 6.4%, respectively. Assay
sensitivity averaged 0.14 pg/ml.

Data analysis

GnRH or LH surges were considered to have occurred if hormone
values increased 3-fold above the mean of the presurge baseline and
remained so for at least 5 h. The surge period was defined as the interval
between the hour GnRH or LH concentration increased and remained
above 3-fold the presurge baseline and the hour GnRH or LH concen-
tration decreased and remained below 3-fold the presurge baseline.

FIG. 1. Designs for experiment 1 (A) and experiment 2 (B). Time is
depicted as hours relative to the insertion of the peak follicular phase
estradiol (Peak E) implants. The dashed and solid lines designate the
expected profile of serum progesterone (P) and estradiol (E) concen-
trations, respectively. Arrows indicate the time of endotoxin (400
ng/kg, iv bolus, given 45 min before estradiol) or its vehicle, and
flurbiprofen (2 mg/kg, iv bolus given 30 min before endotoxin and 6 h
later) or its vehicle. Solid bars indicate the expected period of the
GnRH and LH surges in vehicle-treated ewes.
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Before statistical analysis, plasma hormone concentrations were log
transformed to normalize variability across a broad range of values.
Significance level was set at P � 0.05. In experiment 1, GnRH or LH peak
height (maximal value during the surge period) and total integrated
surge amount (sum of all values during the surge period) were analyzed
by ANOVA. Technical difficulties precluded accurate GnRH assessment
in one of the seven control ewes; data from this animal were excluded
from further analysis. Experiment 2 was a crossover experiment in
which each animal received three treatments: estradiol plus vehicle
(positive control), estradiol plus endotoxin, and estradiol plus endotoxin
plus flurbiprofen. The LH surge period (as defined above) during the
positive control run was used to identify the expected surge period of
each ewe during the other two runs when endotoxin was given to block
the surge. Values for total integrated amount of LH and maximal con-
centration during the surge period, and LH concentrations during the
presurge period (0–10 h relative to insertion of peak estradiol implants)
were compared across treatments using repeated-measures ANOVA. In
addition, Fisher’s exact probability test was used to identify treatment
effects on the proportion of ewes exhibiting the LH surge.

Results
Experiment 1: does endotoxin block the LH surge by
preventing the GnRH surge?

Figure 2 presents GnRH and LH profiles during the surge
period in vehicle- and endotoxin-treated ewes. All six vehi-
cle-treated controls exhibited a robust LH surge accompa-
nied by an unambiguous and sustained GnRH surge begin-

ning approximately 20–22 h after onset of the estradiol
stimulus and lasting 9–18 h (Fig. 2A, composite results).
Endotoxin blocked the LH surge in 4 of 11 ewes, fewer than
anticipated based on our prior studies (see Discussion). Of
prime importance in terms of the experimental goals, endo-
toxin abolished the GnRH surge in all four ewes in which the
LH surge was blocked (Fig. 2, B–E, depicts results in each of
these four ewes). GnRH was invariably undetectable during
the entire 22-h period of portal blood collection. The remain-
ing endotoxin-treated ewes exhibited GnRH and LH surges
comparable to those in control ewes in terms of time course,
peak height, and total integrated hormone released during
the surge period (Fig. 2F and Table 1). Endotoxin induced
fever in all ewes (maximal rectal temperature: endotoxin,
40.4 � 0.3 C; controls, 38.9 � 0.2 C, P � 0.01). Maximal rectal
temperature in response to endotoxin was no different
among ewes that expressed the LH surge (40.4 � 0.2 C) and
those that did not (40.4 � 0.4 C).

Experiment 2: does endotoxin disrupt the LH surge by a
prostaglandin-dependent mechanism?

Representative LH profiles in ewes treated with vehicle,
endotoxin, and endotoxin plus flurbiprofen are illustrated in

FIG. 2. GnRH in pituitary portal blood (closed circles) and LH in peripheral blood (open circles) in vehicle-treated control ewes (A) (mean �
SEM of six ewes), individual endotoxin-treated ewes in which the LH surge was blocked (B–E), and endotoxin-treated ewes in which the LH surge
was not blocked (F) (mean � SEM of seven ewes) in experiment 1. Data are normalized to the LH peak in A and F and to insertion of peak estradiol
implants in B–E.

TABLE 1. Effects of endotoxin or vehicle on the LH and GnRH surge

Surge incidence Peak heighta Total integratedb

LH GnRH LH (ng/ml) GnRH (pg/min) LH (ng/ml) GnRH (pg/min)

Experiment 1
Estradiol � vehicle 6/6 6/6 174.9 � 52.2 27.8 � 7.7 694.1 � 151.1 181.6 � 57.8
Estradiol � endotoxin 7/11 7/11 168.1 � 38.2 24.7 � 4.7 662.2 � 144.9 167.8 � 31.4

a Maximal value during the surge period (excludes values in animals not expressing GnRH/LH surges).
b Sum of all values during the surge period (excludes values in animals not expressing GnRH/LH surges).
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Fig. 3. Composite results comparing LH surge incidence,
maximal LH value, and total integrated LH during the surge
period across treatments are depicted in Fig. 4. In this ex-
periment, the duration of the estradiol stimulus was 1.5 h
shorter than that in experiment 1, and endotoxin blocked the
LH surge in eight of 10 ewes. Compared with the control run,
endotoxin decreased (P � 0.05) the incidence of ewes re-
sponding with an LH surge, reduced (P � 0.05) the maximal
LH value, and lowered (P � 0.05) total integrated LH during
the surge period. Flurbiprofen did not reverse any of these
inhibitory effects of endotoxin; values for all parameters
were less than those in vehicle-treated ewes (P � 0.05) but not
significantly different from those in ewes treated with en-
dotoxin in the absence of flurbiprofen. Nevertheless, flurbi-
profen prevented endotoxin-induced fever in each ewe, in-
dicating prostaglandin synthesis was blocked (Fig. 5).

Plasma LH was monitored hourly during the presurge
period (from 0–10 h after insertion of peak estradiol im-
plants) when estradiol inhibits amplitude of GnRH and LH
pulses (20, 21). In control ewes, LH concentrations declined
steadily during this period (Fig. 6). This presurge decline was
more pronounced in endotoxin-treated ewes (P � 0.01). Flur-
biprofen failed to reverse this suppressive effect of endotoxin
(P � 0.01 vs. controls). LH responses for all ewes during the
three runs of the crossover were included in this analysis;
values were not different between ewes that expressed the
LH surge and those that did not.

Discussion

The present study permits two novel conclusions regard-
ing mechanisms by which endotoxin blocks the estradiol-
induced LH surge. First, endotoxin exerts this effect cen-

trally, preventing the surge of GnRH released into the
hypophyseal portal circulation. This conclusion is important
in light of the recent demonstration that endotoxin also pro-
foundly suppresses pituitary responsiveness to GnRH (8), a
finding that provides a potential alternative mechanism
whereby endotoxin could inhibit the LH surge. Second, the
inhibitory effect of endotoxin on the LH surge does not
require the synthesis of prostaglandins. This conclusion is
highly interesting in view of evidence that prostaglandins
mediate endotoxin-induced inhibition of the pulsatile mode
of LH release in ovariectomized ewes. Collectively, these
conclusions enhance understanding of the disruptive effects
of immune/inflammatory challenge on reproductive neu-
roendocrine activity and ovarian cyclicity.

Our conclusion that endotoxin blocks the LH surge by
suppressing GnRH secretion is reinforced by the finding that
another type of immune/inflammatory challenge, the cyto-
kine IL-1�, inhibited GnRH secretion and fos induction in
GnRH neurons at the time of the preovulatory LH surge in
rats (28). Nonetheless, it is puzzling why the LH surge was
blocked by endotoxin in only four of the 11 ewes in exper-
iment 1. Our earlier work (Ref. 7; and Breen, K., and
F. Karsch, unpublished) indicated that endotoxin blocked the
surge in approximately 70% of ewes receiving a 12- to 14-h
estradiol stimulus, similar to the estradiol treatment in ex-
periment 1. That the GnRH/LH surge was truly blocked in
the four ewes of experiment 1 is substantiated by the absence
of any trace of a GnRH or LH increase during the entire 22-h
period of hourly portal blood collection (Fig. 2, B–E). Fur-
thermore, that this blockade was due to endotoxin, rather
than some unknown variable, is substantiated by our col-
lective present and prior work in the artificial follicular phase

FIG. 3. Circulating LH concentrations in three
representative ewes treated with vehicles for
both endotoxin and flurbiprofen (A), endotoxin
(B), and endotoxin plus flurbiprofen (C) in exper-
iment 2. This was a crossover experiment in
which each ewe received all three treatments.
The horizontal bar in each panel depicts the surge
period during the control run (see Materials and
Methods for details). See Fig. 1 for design details.
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model. Specifically, in a total of 48 ewes not receiving en-
dotoxin, an estradiol stimulus of 12 h or longer was 100%
effective in eliciting the GnRH/LH surge (six of six in ex-

periment 1 and 42 of 42 in Refs. 12, 15, and 29–31). Our best
explanation for the lower incidence of surge blockade in
experiment 1 is that the 12-h estradiol stimulus was suffi-
ciently strong that, in some ewes, it overcame the suppressive
effect of the endotoxin preparation used in the present ex-
periment. This possibility is reinforced by the outcome of
experiment 2, in which the estradiol stimulus was 1.5 h
shorter (10.5 h in duration) and endotoxin blocked the LH
surge in eight of 10 ewes. Another possible factor contrib-
uting to the variable surge blockade in experiment 1 relates
to individual prior histories of infection and disease, and the
consequent exposure to immune and inflammatory stimuli,
all of which can lead to tolerance and desensitization (32).
These histories were not known for our animals. Regardless
of the explanation, our findings in experiment 1 indicate that
endotoxin blocks the GnRH surge in ewes in which the LH
surge is blocked. This provides strong evidence that endo-
toxin-induced blockade of the LH surge is mediated cen-
trally, via inhibition of GnRH secretion.

The conclusion that endotoxin blocks the LH surge via a
central mechanism does not, in itself, discount the possibility
of an additional inhibitory effect at the pituitary gland. In this
regard, prior work in ovariectomized ewes demonstrates
that endotoxin reduces pituitary responsiveness to the brief
(�5 min) stimulus of a GnRH pulse (8). Although the present
study did not directly test the influence of endotoxin on
pituitary responsiveness to the more powerful and pro-
longed (9–18 h) stimulus of the GnRH surge, our results
provide strong evidence that the inhibitory effect of endo-
toxin on the LH surge cannot be explained by suppression at
the level of the pituitary gland. The LH surge, when it es-
caped blockade by endotoxin, was comparable to that in
vehicle-treated controls (see Table 1). This might reflect the
finding that the vast amount of GnRH secreted during the
surge greatly exceeds that needed to stimulate a full-ampli-
tude LH surge (29), such that any suppressive effect of en-
dotoxin at the pituitary level might be masked. Additional
evidence that endotoxin does not block the LH surge at the
pituitary level is provided by the earlier observation that
endotoxin failed to attenuate the LH surge when treatment

FIG. 4. Number of ewes expressing the LH surge (A),
mean (� SEM) maximal LH value (B), and total inte-
grated LH during the surge period (C) in vehicle, endo-
toxin, and endotoxin plus flurbiprofen ewes in experi-
ment 2 (n � 10/treatment, crossover experiment). *,
Significant differences between vehicle and endotoxin or
between vehicle and endotoxin plus flurbiprofen-treated
ewes (P � 0.05). Values between endotoxin and endo-
toxin plus flurbiprofen-treated ewes are not significantly
different (NS).

FIG. 5. Mean (� SEM; n � 10/treatment) rectal temperature values in
response to vehicle (open circles), endotoxin (closed circles), or endo-
toxin plus flurbiprofen (shaded boxes) in experiment 2. Note that
flurbiprofen blocked endotoxin-induced fever.

FIG. 6. Mean (� SEM; n � 10/treatment) plasma LH in ewes treated
with vehicle (open circles), endotoxin (closed circles), or endotoxin plus
flurbiprofen (shaded boxes) during the presurge period in experiment
2. LH is plotted on a logarithmic scale to facilitate illustration of the
suppression of LH concentrations before the surge.
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was initiated just before the surge and continued throughout
the period of LH release (7).

Our finding that the prostaglandin-synthesis inhibitor,
flurbiprofen, failed to reverse the inhibitory effect of endo-
toxin on the estradiol-induced LH surge is keenly interesting
in light of strong evidence that prostaglandins are obligatory
mediators of other central responses to immune/inflamma-
tory challenge, such as the generation of fever (22, 23). Of
particular note, prostaglandins are essential for the suppres-
sive actions of endotoxin on the pulsatile mode of GnRH and
LH release (9). It is unlikely that the failure of flurbiprofen
to reverse blockade of the LH surge was due to ineffective
suppression of prostaglandin synthesis because the dose was
the same as that used previously to reverse endotoxin-
induced suppression of GnRH and LH pulses. Further, flurbi-
profen prevented endotoxin-induced fever in the same ewes
that it failed to reinstate the LH surge (Fig. 5), again suggesting
prostaglandin synthesis was effectively blocked. The more
likely explanation of our results, therefore, is that prostaglan-
dins are not essential mediators of the suppressive effects of
endotoxin on the estradiol-induced LH surge.

The foregoing discussion implies important differences
exist between the mechanisms whereby endotoxin blocks the
estradiol-induced LH surge and suppresses pulsatile LH se-
cretion in ovariectomized ewes. With regard to pulses, both
a mediatory role of prostaglandins and suppression of pi-
tuitary responsiveness to GnRH are important components
of the inhibitory process (8, 9), but neither of these is needed
to block the LH surge. Another fundamental difference is
suggested by the timing of endotoxin effects on the two
modes of gonadotropin secretion. Endotoxin inhibits LH
pulses acutely, within 1 h (2, 8, 9), whereas its suppressive
effects on the LH surge are delayed. In this regard, endotoxin
blocks the surge when delivered at onset of the estradiol
signal, which precedes the LH surge by approximately 20 h,
but it is ineffective when given during the period that the LH
surge is actually taking place (7). Thus, rather than inhibiting
secretion per se, as is the case with LH pulses, endotoxin
blocks the LH surge by preventing either the early activating
effects of estradiol on estradiol-sensitive neurons or trans-
duction of the positive feedback signal into subsequent surge
secretion of GnRH and LH. Our findings, therefore, imply
the neuroendocrine processes that mediate the regulatory
input of this stress on GnRH pulses and surges are separable
and fundamentally different.

Returning to the potential mediatory role of prostaglan-
dins, it is pertinent to note that endotoxin stimulates pro-
duction of several other inhibitors of gonadotropin secretion,
notably endogenous opioid peptides, cytokines, and hor-
mones of the hypothalamo-pituitary-adrenal axis (33–37).
Whether or not prostaglandins are essential mediators under
any given condition could be a function of these other in-
hibitory factors, and this, in turn, could depend on the go-
nadal steroid milieu. For example, ovarian steroids, most
notably estradiol, enhance production of the inflammatory
cytokines and the extent to which endotoxin stimulates cy-
tokine synthesis (38, 39). Our present evidence that prosta-
glandins are not essential for endotoxin to block the LH surge
was obtained in ovariectomized ewes treated with estradiol
and progesterone to create an artificial follicular phase,

whereas prior evidence that prostaglandins mediate the sup-
pression of GnRH and LH pulses (9) was obtained in ovari-
ectomized ewes devoid of gonadal steroids. Of interest, we
observed here that flurbiprofen did not reverse endotoxin-
induced suppression of LH secretion before the surge (Fig.
6), when GnRH and LH are released as pulses (20, 21). Per-
haps under the endocrine milieu of falling progesterone and
rising estradiol, the influence of other inhibitory intermedi-
ates prevails, such that prostaglandins are no longer essential
for endotoxin to suppress reproductive neuroendocrine ac-
tivity. Additional work is warranted to investigate this pos-
sibility and to identify mediators of endotoxin-induced sup-
pression of gonadotropin pulses and surges within the
endocrine setting of the follicular phase.

In summary, this study allows two novel conclusions re-
garding mechanisms whereby endotoxin blocks the estradi-
ol-induced LH surge. First, endotoxin blocks the LH surge
centrally, preventing the GnRH surge in hypophyseal portal
circulation. Second, the suppressive effect of endotoxin on
the LH surge does not require prostaglandin synthesis. Be-
yond these conclusions, we have gathered initial evidence
that the inhibitory effect of endotoxin on pulsatile gonado-
tropin secretion before the surge may also not require pros-
taglandins. This contrasts with our earlier finding (9) that
prostaglandins are essential for endotoxin to suppress pul-
satile GnRH and LH secretion in ewes devoid of ovarian
steroids. Collectively, our findings prompt additional work
to identify stress-related regulatory inputs to neuroendo-
crine processes that generate GnRH pulses and surges, where
these inputs converge, and how the changing endocrine en-
vironment of the ovarian cycle influences pathways inhib-
iting reproductive neuroendocrine function during im-
mune/inflammatory stress.
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