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Abstract

Weinvestigated the effects of estradiol on bioactive luteinizing
hormone (LH) release in normal men using two complemen-
tary strategies: (i) steady state intravenous infusions of estra-
diol at its endogenous production rate, and (ii) oral adminis-
tration of the antiestrogen, tamoxifen HC. Immunoreactive
and biologically active LH were monitored by radioimmunoas-
say and the rat interstitial cell testosterone bioassay, respec-

tively. Estradiol infusions significantly suppressed mean

plasma bioactive LH concentrations and decreased the bio/
immuno LH ratio. Conversely, antiestrogen treatment en-

hanced spontaneous bioactive LH pulse frequency, increased
bioactive LH pulse amplitude, and augmented plasma intra-
pulse and interpulse bio/immuno LH ratios. Low-dose pulsed
injections of exogenous gonadotropin-releasing hormone
(GnRHI) also increased plasma bio/immuno LH ratios. How-
ever, tamoxifen attenuated the ability of exogenous GnRHto
further enhance the bio/immuno LH ratio, which suggests that
endogenous LH release was already maximally enriched in LH
bioactivity during antiestrogen administration.

Weconclude that estradiol modulates the pulsatile secre-

tion of LH molecules enriched in biological activity in man.

Introduction

Studies in experimental animals have suggested that sex ste-
roid hormones may modulate the pituitary secretion of not
only immunoactive gonadotropins but also biologically active
hormones (1-4). In the rat, castration results in a dispropor-
tionate increase in the circulating concentrations of immuno-
reactive luteinizing hormone (LH)' as compared with biologi-
cally active LH (5). This relative decrease in the bio/immuno
LH ratio is attenuated by testosterone and 5a-dihydrotestos-
terone replacement. However, in the human, menopause

and/or gonadal failure result in preferentially increased bioac-
tive LH concentrations with high plasma bio/immuno LH
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ratios (6). The high level of bioactive LH in primary ovarian
failure can be suppressed by oral administration of estrogen
(7). The latter observation is consistent with the demonstra-
tion that young women of reproductive age who have high
endogenous estradiol levels exhibit significantly lower plasma
bio/immuno LH ratios than postmenopausal womenor young
men (8). The latter disparity between young womenand men
might reflect either a putative suppressive effect of estradiol on
bioactive LH secretion in women, or a facilitative effect of
testosterone on bioactive LH release in men. Accordingly, the
exact nature of the effects of endogenous sex steroids on the
bioactivity of circulating LH cannot be readily ascertained.
Moreover, presumptive actions of sex steroids on physiological
patterns of pulsatile bioactive LH release have not been de-
fined.

In the present work, we have employed two complemen-
tary strategies to examine the role of estradiol in modulating
the secretion of biologically active LH in the human. First, we
investigated bioactive LH release in men subjected to steady
state estradiol infusions. Secondly, we administered tamoxifen
hydrochloride, a pharmacological antagonist of estrogen ac-
tion (9), to appraise the feedback actions of endogenous estra-
diol on spontaneous and exogenous gonadotropin-releasing
hormone (GnRH)-stimulated pulsatile bioactive LH release.
Weused the rat interstitial cell testosterone (RICT) bioassay to
estimate the quantity of biologically active LH in plasma
under these conditions of experimentally perturbed estrogen
action.

Methods

Patient characteristics
21 normal men (ages 21-29) participated in this study after provision
of written informed consent, which was approved by the Human In-
vestigation Committee of the University of Virginia School of Medi-
cine. Each individual had normal serum concentrations of immunore-
active cortisol, thyroxine, prolactin, LH, follicle-stimulating hormone,
thyroid-stimulating hormone, equilibrium-dialyzable plasma free tes-
tosterone (10), and estradiol (10), and had normal hepatic, renal, and
hematological function.

Clinical protocols
Estradiol infusion. Chromatographically pure estradiol (assessed by
high-pressure liquid chromatography) was dissolved in sterile ethanol,
which was diluted in 5% dextrose in water immediately before infu-
sions. I liter of 5%dextrose in water containing 48 ,ug 1 7,B-estradiol was
infused continuously every 12 h for 3.5 d (10). A uniform rate of
infusion was maintained with an infusion pump (Volumetric 927;
Imed Inc., San Diego, CA), with tygon tubing to minimize nonspecific
steroid adsorption, as reported previously (10). All blood sampling was

performed in the arm contralateral to the infusion. I d before, and on

the 3rd d of steady state infusion, blood sampling was initiated at 8
a.m. by withdrawing blood every 4 min for 8 h to obtain an integrated
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estimate of bioactive LH, immunoactive LH, and the ratio of biologi-
cally active LH to immunoactive LH. This study was performed in
seven men.

Administration of the antiestrogen tamoxifen. A group of eight
other men received 20 mg tamoxifen orally twice a day for 10 d. To
estimate integrated plasma LH concentrations, each individual under-
went blood sampling at 20-min intervals for 6 h under basal conditions
(before tamoxifen administration) and after 1, 3, 6, and 10 d of ta-
moxifen administration.

Six additional men were studied to evaluate the influence of an
antiestrogen on pulsatile LH release. Based upon the results of the
time-course experiments, these individuals received 10 mg tamoxifen
every 12 h for 7 d. Blood sampling was undertaken under basal condi-
tions (before tamoxifen administration) and then again on the 7th d of
drug ingestion. Sampling was initiated at 8 a.m. by withdrawing blood
at 10-min intervals for 16 h. Tamoxifen was continued during this
time, with doses 1 h before the onset of blood sampling and 12 h later.
The 1st 12 h blood sampling was used to assess spontaneous LH
pulsatility. After this baseline interval of 12 h, GnRH(10 gg) was
injected intravenously. A second dose of GnRH(10 Mg) was injected 2
h later. This paradigm was used to test pituitary responsiveness to
exogenous pulses of GnRH.

Hormone assays
Plasma samples were assayed for immunoactive LH by double-anti-
body radioimmunoassay (RIA), with a sensitivity of I mIU/ml in
terms of the Second International Reference Preparation of Human
Menopausal Gonadotropin, and for bioactive LH by the RICT bioas-
say, with a sensitivity of 0.4 mIU/ml (1, 1 1). The coefficients of varia-
tion were 8.4% (at 2 mIU/ml), 6.8% (at 11.5 mIU/ml), and 4.6% (at 47
mIU/ml) for the RIA, which exhibits < 15%crossreactivity with alpha
subunit. The intraassay coefficient of variation for the bioassay aver-
aged 8.5% with a range of 8.2-9.2% in children and postmenopausal
women.

Pulse analysis
To minimize assumptions regarding the shape, frequency, amplitude,
or baseline stability of the bioactive LH time-concentration profiles
under control or treated conditions, we applied a simple statistical
algorithm previously validated for the detection of significant increases
or decreases in data series of known variance (12). This method,
termed "Cluster" analysis, evaluates successive clusters of designated
sizes in relation to an indicated t statistic, marks all significant in-
creases and decreases in the data series, and then designates a peak as a
region comprising an increase followed by a decrease. The choice of t
statistics permits one to designate an estimated maximal false-positive
rate for peak detection assuming Gaussian-distributed measurement
error (12). Regions in the data that contain no significant increases or
decreases are identified as interpulse "valleys." In the present analyses,
the t statistic was selected to maintain a maximal false-positive rate of
1% by using test cluster sizes of two in the prepeak nadir, peak, and
postpeak nadir.

The results of Cluster analysis permit one to quantitate the follow-
ing properties of pulsatile hormone release: (a) number of statistically
significant peaks (pulse frequency); (b) the mean interval between
peaks (interpulse interval in min); (c) the mean peak width (duration in
min); (d) the maximal peak height (mIU/ml); (e) the maximal peak
height expressed as a percent increase above nadir (fractional ampli-
tude); (f) the peak height expressed as an increment (mIU/ml) above
preceding nadir, (g) the number of valleys (regions without any signifi-
cant increase or decrease in the data); (h) average valley duration
(min); and (i) average valley mean LH concentration (mIU/ml) (12).
Weused the method of Santen and Bardin (13) to determine integrated
LH concentrations over the 12-h baseline sampling.

Statistical analysis
Within-subject differences were sought by paired two-tailed Student's t
testing when mean plasma hormone concentrations were compared.

Because of departures from normality, individual pulse parameters
were compared using the Wilcoxon ranked sign test (14). Plasma bio/
immuno LH ratios were compared by parametric methods after loga-
rithmic transformation. Results are expressed as means±SEMor me-
dian values. Statistical significance was construed for P . 0.05.

Results

Steady state infusion of estradiol
As shown in Fig. 1 A, during steady state infusion of estradiol
mean plasma concentrations of immunoactive and bioactive
LH declined significantly (P = 0.013 and P = 0.0 16, respec-
tively). This infusion regimen resulted in an increase in mean
serum estradiol concentrations from 32±4 pg/ml basally to
64±5 pg/ml over the last 8 h of the infusion (P < 0.01). Since
we have previously shown that equilibrium is achieved within
24 h (10), this paradigm permitted us to appraise the influence
of steady state plasma estradiol elevations on the bio/immuno
LH ratio. In response to estradiol infusion, there was a more
pronounced decline in circulating bioactive than immunoac-
tive LH concentrations, which was reflected in a significant
decline in plasma bio/immuno LH ratios in these seven men
(P = 0.0097 Fig. 1 B). These measurements of LH bioactivity
and immunoactivity were derived from a pool of aliquots of
plasma removed from samples collected at 4-min intervals
over 8 h, and as such provide an accurate estimate of inte-
grated plasma LH concentrations over this interval.

Time-dependent influence of antiestrogen administration
on plasma bioactive LH concentrations
Eight men received tamoxifen for 10 d. The 6-h integrated
plasma LH concentrations as assessed by bioassay and immu-
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Figure 1. Suppressive effects of
I\ P-0.016 steady state estradiol infusion

\I; on mean plasma LH concen-

trations in normal men. Seven
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_ 3 17f-estradiol by continuous

intravenous infusion for 3.5 d.
(A) Mean plasma concentra-

tions of LH were determined
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noassay are shown in Fig. 2 A. Basal bioactive LH concentra-
tions increased from a mean (±SEM) of 42.7±6.9 mIU/ml to a
maximal value of 97.6±19.4 mIU/ml (P = 0.0 16) after 10 d of
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antiestrogen administration. The mean plasma immunoactive
LH concentration also increased, although the fractional in-
crease above baseline was of lesser magnitude; namely, basal
15.0±0.78 mIU/ml to 21.4±1.4 mIU/ml after 10 d of tamoxi-
fen. Accordingly, the median bio/immuno LH ratios in these
men increased significantly, i.e., from 2.1 basally to 3.1 and 3.0
after, respectively, 3 and 10 d of antiestrogen (P = 0.019).
Under these conditions, total serum testosterone concentra-
tions also increased significantly (Fig. 2 B).

Impact of antagonism of endogenous estrogen action on
12-h mean concentrations and the pulsatile release of
biologically active LH
Mean and integrated plasma LH concentrations. Based upon
the preceding dose- and time-course studies, we studied the
effects of endogenous estradiol on the pulsatile release of
bioactive LH by sampling blood at 10-min intervals for 16 h
under basal conditions, and again after the administration of
tamoxifen for 7 d. During the last 4 h of sampling, two pulses
of GnRH(10 ,ug) were infused intravenously at 2-h intervals to
test pituitary responsiveness. The 1st 12 h of sampling was
used to evaluate the impact of antiestrogen treatment on spon-
taneous (endogenous GnRHdriven) release of bioactive LH.
As shown in Fig. 3 A, the 12-h mean and integrated plasma
concentrations of bioactive LH increased significantly (P
= 0.033 and P = 0.034, respectively) in response to tamoxifen
administration. In contrast, this lower dose of tamoxifen (10
mg every 12 h) elicited no significant increase in mean or
integrated serum concentrations of immunoactive LH (P
= 0.68 and P = 0.66, respectively). Moreover, under these
conditions, total serum testosterone concentrations rose signif-
icantly (P = 0.004; Fig. 3 B), but plasma free testosterone con-
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Figure 3. Augmentation of the 12-h
mean plasma bioactive LH concen-

trations in response to administra-
tion of the antiestrogen, tamoxifen.
Six normal men were studied by re-

petitive venous sampling (blood
withdrawal at 10-min intervals for
12 h) under basal conditions (con-
trol) and after oral tamoxifen ad-
ministration (tamoxifen). (A) The
subsequent plasma samples were as-

sayed individually to estimate accu-

rately the 12-h mean (left) and inte-
grated plasma LH concentrations
(right). Plasma was analyzed both
by bioassay (bio-LH) and immuno-

assay (RIA-LH). (B) Influence of ta-

moxifen treatment on serum total
testosterone, free testosterone, and
estradiol in the same men. Only
serum total testosterone increased

significantly in response to tamoxi-
fen administration.
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centrations rose only minimally (namely, from 96.4±1 1 pg/ml
to 128±22 pg/ml, P = 0.19). This pattern reflected a slight
decrease in the percent dialyzable (free) testosterone in plasma
after tamoxifen treatment (percent dialyzable testosterone de-
clined from 1.94±0.13 to 1.83±0.14; P = 0.23). Mean plasma
estradiol concentrations were unchanged, i.e., basal levels were.
23.7+3.0 pg/ml as compared with 24.2±3.7 pg/ml after ta-
moxifen treatment (P = 0.85). Accordingly, the present sched-
ule of antiestrogen administration permitted us to examine
changes in plasma bioactive LH release in the absence of any
major perturbations in serum concentrations of immunoac-
tive LH, free testosterone, or estradiol.

Effects of antiestrogen on specific properties of pulsatile
bioactive LH release. The plasma collected at 10-min intervals
for 12 h under basal and tamoxifen-treated conditions allowed
us to assess the effect of antiestrogen on specific properties of
pulsatile bioactive LH release. Using the validated Cluster
analysis method adjusted to an estimated maximal false-pos-
itive rate of 1%, we observed that bioactive LH pulse frequency
(number of pulses counted per 12 h) increased significantly in
conjunction with antiestrogen administration; namely, from
5.3±0.33 pulses/12 h (median 5.5) basally to 7.5±0.22 pulses/
12 h (median 7.5) after tamoxifen (P = 0.029; Fig. 4 A).2
Correspondingly, the basal bioactive LH interpulse interval of
113±7.9 min (median 105) declined to 85±2.6 min (median
84) in association with antiestrogen treatment (P = 0.029 by
nonparametric testing; Fig. 4 B).

Administration of a dose of antiestrogen sufficient to in-
crease mean and integrated plasma concentrations of bioactive
LH also elicited significant and distinct changes in LH pulse
properties. As shown in Fig. 5, the duration of bioactive LH
peaks decreased significantly from a median value of 99 to 71
min during tamoxifen administration (P = 0.029). This oc-
curred in association with a significant increase in absolute
(maximal) amplitude of the bioactive LH peak, which rose
from a median value of 50 to 65 mIU/ml (P = 0.029). Thus,
tamoxifen had reciprocal effects on peak width (which de-
creased) and a maximal peak height (which increased). This
interaction resulted in no significant changes in mean bioac-
tive LH peak area (milliinternational units per milliliter times
minute), which was 1,000±130 (basal) and 900±180 (after
tamoxifen) (P = 0.46).

Mean interpulse valley (region of nonpulsatility) bioactive
LH concentrations also increased significantly during tamoxi-
fen administration, namely, from 32±5.4 to 49±11 mIU/ml
(P = 0.02 over basal); whereas, incremental LH pulse ampli-
tudes did not change significantly (Fig. 5; median basal 18
mIU/ml and posttamoxifen 23 mIU/ml). Also, the duration
(minutes) of the interpulse valleys was not altered significantly
by antiestrogen: interpulse valley durations of 30±4 min
(basal) vs. 31±0.68 min (posttamoxifen) (P = 0.079).

Profiles of bio- and immunoactive LH release in control
and antiestrogen treatment sessions
Individual profiles of bio- and immunoactive LH release are
shown in Fig. 6, in which control and tamoxifen treatment

2. LH pulse frequency per se may overestimate the interpulse interval
because of regions of nonpulsatility at the begining and end of the
sampling interval. This "edge" artifact does not occur for measured
interpulse intervals.
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Figure 4. Influence of the antiestrogen, tamoxifen, on bioactive LH
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(B). Six normal men were studied by repetitive venous sampling over
12 h. Computerized analysis was applied to the bioactive LH con-
centration-time series to enumerate statistically significant pulses.

sessions are given for two men. Note the preferential increase
in bioactive LH in response to low-dose exogenous GnRH
pulses (discussed further below).

Influence of antiestrogen treatment on exogenous GnRH-
stimulated release of bioactive LH
To test the impact of antiestrogen administration on pituitary
responsiveness to exogenous GnRH, two consecutive pulses of
synthetic GnRH(10 Ag each) were administered intravenously
at 2-h intervals. The hourly mean plasma concentrations of
bio- and immunoactive LH were compared in basal and ta-
moxifen-treated sessions. As shown in Fig. 7 (top), mean base-
line (pre-GnRH) plasma bioactive LH concentrations were
increased significantly in the tamoxifen-treated group (P
= 0.023 and P = 0.001, respectively, for the first and second
baseline hours). In response to the first and second injections
of GnRH, mean plasma bioactive LH concentrations in-
creased significantly in both the control and tamoxifen-treated
sessions (P < 0.001). However, the degree of increase in
plasma bioactive LH concentrations in response to two con-
secutive exogenous GnRHpulses was significantly reduced in
the tamoxifen treatment session as compared with control (P
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< 0.004 to P < 0.014 for hours 3-6). A similar pattern of
relatively suppressed LH responses to GnRHafter tamoxifen
administration was observed for immunoactive LH (Fig. 7,
middle). Wenoted that for both immuno- and bioactive LH,
tamoxifen treatment resulted in greater suppression of the

Figure 6. Illustrative profiles of bio-
and immunoactive LH release in
two normal men in control sessions
and after treatment with the anties-
trogen, tamoxifen. In each subject
(A and B), bioactive LH (top, solid
circles), immunoactive LH (top,
open circles), and bio/immuno LH
ratios (bottom) are given for plasma
collected at 0-min intervals for 16
h. The 1st 12 h of basal sampling
were followed by paired, 2-h intra-
venous injections of GnRH(10 ,ug
each) at the times denoted by the
vertical arrows. Note break in ordi-
nate scale to accommodate the
marked increases in bioactive LH in
response to exogenous GnRH.

maximal response to the first rather than second pulse of
GnRH(P < 0.02).

Under basal conditions (no tamoxifen), hourly median
plasma bio/immuno LH ratios increased significantly in re-
sponse to exogenous pulses of GnRH(P < 0.001) (Fig. 7, bot-
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Figure 7. Impact of the
antiestrogen, tamoxifen,
on exogenous GnRH-
stimulated bio- and im-
munoactive LH release.
Six normal men were
studied under basal
(control) conditions and
after the administration
of tamoxifen. To test
pituitary responsive-
ness, saline vehicle or

/\j/ /,' \~\ two exogenous pulses of
/ ,/ \ GnRH(10 gg) were ad-
/ /' \.as* ministered intrave-
/ / "S' nously at 2-h intervals,

// as indicated in the bot-
tom. The time courses
for plasma bioactive
LH (top), immunoac-
tive LH (middle) and

I It the bio/immuno LH
ratio (bottom) are de-
picted. Data are

_; means±SEMderived
from samples collected
at 10-min intervals over
the preceding 1 h (n
= 6). In the case of the
bio/immuno LH ratio,

I t tthe median values are
Saline GnRH GnRH shown. Asterisks desig-

nate significant differ-

1 2 3 4 5 6 ences between control
and tamoxifen sessions

Time (hrs) at that hour.

tom). When antiestrogen was administered, baseline (pre-
GnRH) median bio/immuno LH ratios increased significantly
above control levels (hours 1 and 2, P = 0.003). However,
stimulation with two consecutive pulses of GnRHdid not
result in any further increase in the plasma bio/immuno LH
ratio during tamoxifen treatment. Rather, the median plasma
bio/immuno LH ratios were significantly reduced 2 h after the
second GnRHpulse (hour 4, P = 0.036).

Analysis of the impact of antiestrogen administration on
intra- and interpulse plasma bio/immuno LH ratios in men
In both control and tamoxifen treatment sessions, the plasma
bio/immuno LH ratios were significantly higher within spon-
taneous pulses than in the corresponding interpulse intervals
(P = 0.01 in the control session, and P = 0.008 in the tamoxi-
fen treatment session; Fig. 8). Tamoxifen treatment resulted in
a significant increase in both spontaneous inter- and intrapulse
bio/immuno LH ratios (P = 0.008 and P = 0.003, respec-
tively). In contrast, antiestrogen administration attenuated the
ability of exogenous GnRHto increase the bio/immuno LH
ratio further, which suggests the attainment of maximal en-
richment in endogenous LH bioactivity in the presence of
antiestrogen.

* Control Figure 8. Influence of the anties-5.0 * Tamoxifen J trogen, tamoxifen, on plasma bio/

* 4.5-0.04 o 008 1 immuno LH ratios. "Overall"
0 0.0 8 Ns plasma bio/immuno LH ratios

4.0 { T designate values observed over 12
C | LL h of basal sampling before GnRH
E 3 injection. "Interpulse" and "intra-

m 3 0 | pulse" values apply to plasma bio/
co;J.V_ immuno LH ratios observed dur-

2.5* ing the interpulse (valley) intervals
and within actual bioactive LH

_ _ l pulses, respectively. The "GnRH"
OVER- INTER- INTRA- GNRH bio/immuno LH ratios were de-

ALL PULSE PULSE termined during the 4 h when
two pulses of exogenous GnRHwere administered. Data are
means±SEMfor the corresponding individual median bio/immuno
LH ratios in six men. The decimal values above the bar graphs de-
note the degree of significant difference between control and tamoxi-
fen treatment sessions (NS, P > 0.05).

Discussion

The present investigations demonstrate significant and distinct
modulatory actions of estradiol on the pulsatile secretion of
LH molecules enriched in biological activity. In particular,
steady state intravenous infusion of estradiol at a dosage that
mimics its endogenous production rate (10) preferentially
suppressed mean circulating bioactive LH concentrations,
with a consequent significant decline in the plasma bio/im-
muno LH ratio. Conversely, administration of a selective
antiestrogen disproportionately increased integrated plasma
concentrations of bioactive over immunoactive LH. Since
these complementary strategies were not associated with any
significant alterations in plasma free testosterone concentra-
tions, we infer that observed changes in circulating bioactive
LH concentrations can be attributed to corresponding changes
in estrogen action per se. As such, the present studies provide
the first direct evidence, to our knowledge, that estradiol can
modulate circulating concentrations of biologically active LH
in normal men.

After identifying a dose of tamoxifen that resulted in a
selective augmentation of plasma bioactive LH concentra-
tions, we were able to examine the physiological mechanisms
subserving this increase. Computerized analysis of bioactive
LH pulsations revealed that antagonism of endogenous estra-
diol feedback with the antiestrogen, tamoxifen, elicited a sig-
nificant increase in LH pulse frequency with a commensurate
decline in the LH interpulse interval. These changes occurred
despite a decrease in pituitary responsiveness to exogenous
pulses of GnRH. Thus, assuming that there is a temporal
relationship between the frequency of hypothalamic GnRH
release and that of endogenous LH pulses ( 15, 16), the present
results suggest that tamoxifen can activate neural timing
mechanism(s) that govern the intermittent release of endoge-
nous GnRH. This inference is consistent with the ability of
other antiestrogens to stimulate GnRHrelease from hypotha-
lamic tissue in vitro (17) and in some, but not all cases to
increase immunoactive LH pulsatility in vivo (18-20). Most
importantly, the present use of the RICT bioassay of LH sug-
gests a physiological role for endogenous estradiol in men,
such that secreted and/or extragonadally synthesized estrogen
constrains secretion of LH molecules enriched in biological
activity.
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The present use of a statistically based pulse detection algo-
rithm also revealed distinct changes in individual bioactive LH
pulse properties when endogenous estrogen action was antago-
nized. Antiestrogen administration increased not only mean
plasma bioactive LH concentrations and bioactive LH pulse
frequency, but also augmented maximal bioactive LH peak
amplitude and interpulse valley mean LH pulse concentra-
tions (bioactive LH concentrations observed in plasma during
intervals with no detectable pulsatility). The higher frequency
of pulsatile bioactive LH release was associated with dimin-
ished bioactive LH peak duration. Since peak duration de-
creased but peak amplitude increased, there was no net change
in mean bioactive LH peak area. To our knowledge, these
significant changes in specific properties of the bioactive LH
pulse signal provide the first evidence that endogenous estro-
gen feedback influences certain characteristics of the bioactive
LH pulse, namely amplitude, pulse duration, and interpulse
(valley) hormone concentrations. Although the exact impact
of such changes in bioactive LH pulse properties on the gonad
are not known, the frequency and amplitude characteristics of
endocrine signals can substantially influence target tissue re-
sponses. Accordingly, the ability of estradiol to modulate spe-
cific properties of the LH pulse signal as well as its frequency
may have significant implications in relation to target tissue
function.

The ability of estradiol to modulate the secretion of LH
molecules enriched in biological activity may also reflect direct
actions of estradiol on gonadotrope function, since estrogen
receptors have been identified in anterior pituitary cells and
estradiol is capable of directly modulating LH release from
perifused pituitary glands (21). In this regard, estradiol may
influence the cellular processing and/or one or more aspects of
terminal glycosylation of LH molecules (22).

Earlier regimens using a single large bolus of GnRHand/or
continuous GnRHinfusions were not able to disclose a stimu-
latory effect of exogenous GnRHon the plasma bio/immuno
LH ratio (23-25). These findings might be explained by func-
tional compartmentalization of releasable LH pools, such that
pharmacological GnRHstimulation increases secretion from
all pituitary LH pools yielding an integrated bio/immuno
value, rather than selective release from a highly bioactive
pool. Also, during continuous GnRHinfusion, there may be
lack of definition of a small early pool (presumably of high
bioactivity) and/or admixture with a late pool of reduced
bioactivity. In contrast, the present schedule of two consecu-
tive submaximal pulses of exogenous GnRHdid result in an
immediate and preferential release of bioactive LH within a
consequent increase in the plasma bio/immuno LH ratio. This
pattern is consistent with the observation that plasma bio/im-
muno LH ratios in spontaneous (endogenous GnRHdriven)
bioactive LH pulses are significantly higher than those in the
corresponding interpulse baseline intervals (reference 26 and
this report). Furthermore, the present work indicates that an-
tiestrogen treatment can further increase intrapulse bio/im-
muno LH ratios to a significant degree. Similar facilitation of
pulsatile bioactive LH release could be observed when brain
opiate inhibitory tone was opposed by naltrexone (26). Thus,
we infer that spontaneous LH pulses, putatively generated in
response to endogenous GnRHstimulation of gonadotropes,
exhibit a relative enrichment in biological activity, and this
degree of enrichment can be modulated by estrogen action.
Moreover, we suggest that this physiological mode of episodic

bioactive LH release may serve to minimize gonadal desensi-
tization that might occur if similar concentrations of highly
bioactive LH were secreted in a constant manner.

Although endogenous LH production rates have not yet
been measured in response to estrogen infusion or antiestrogen
administration in man, the present results would be consistent
with a suppressive effect of estradiol infusion and a stimulatory
effect of antiestrogen administration on endogenous LH pro-
duction. Moreover, endogenous estrogen excess has been re-
ported to profoundly suppress bioactive LH release (27). Ac-
cordingly, the changes we observed in plasma bio/immuno LH
ratios might reflect a property of pituitary gonadotropes to
secrete LH molecules relatively enriched in bioactivity when-
ever production rates are increased and to secrete LH mole-
cules relatively impoverished in biological activity whenever
LH secretion rates are suppressed. This hypothesis would ac-
cord with the striking rise in circulating LH bioactivity ob-
served in castrate or postmenopausal individuals, in whomLH
production rates are increased (7). However, this interpreta-
tion would not account for the recent observation that non-
steroidal suppression of endogenous LH secretion with a po-
tent and selective GnRHantagonist results in a parallel decline
in plasma bio- and immunoactive LH concentrations with no
discernible variation in the plasma bio/immuno LH ratio over
time (28). Alternatively, estrogen or antiestrogen might affect
the metabolic clearance of LH. However, available data sug-
gest that sex steroid hormones do not have a major influence
on gonadotropin clearance in man (29, 30). Moreover, alter-
ations in metabolic clearance would not account for enhanced
bioactive LH pulse frequency and attenuated GnRH-stimu-
lated LH release in the presence of tamoxifen. Accordingly, we
infer that estradiol modulates the secretion of bioactive LH by
mechanisms that are not dependent upon altered hormone
secretion or clearance rates per se.

In summary, we have utilized two complementary strate-
gies to appraise the influence of estradiol on the secretion of
biologically active LH in man. Our results with steady state
estradiol infusion and a selective antiestrogen indicate that
endogenous estradiol modulates the pulsatile secretion of LH
molecules enriched in biological activity. Such observations
suggest a critical role for estradiol in regulating the functional
attributes of the pituitary-gonadal axis in man.
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