
Episodic Luteinizing Hormone Secretion in Man

PULSE ANALYSIS, CLINICAL INTERPRETATION,
PHYSIOLOGIC MECHANISMS

R. J. SANTEN and C. W. BARDIN
From the Department of Medicine, Division of Endocrinology, Milton S.
Hershey Medical Center, Hershey, Pennsylvania 17033

A B S T R A C T The demonstration that luteinizing hor-
mone (LH) release from the pituitary is episodic rather
than constant raises fundamental questions regarding the
physiologic control of pulsatile LH secretion and its
possible alteration in patients with gonadal disorders.
To evaluate this mode of LH secretion, quantitative
means of analyzing LH pulse amplitude, frequency,
shape, and area were established and utilized to study
normal subjects and patients with disorders of gonado-
tropin secretion. Similar patterns of LH secretion were
observed in normal men, in women during the follicular
phase of the menstrual cycle, and in patients with hyper-
and hypogonadotropism, hirsuitism, and amenorrhea
(mean pulse amplitude 39-179% from nadir to peak,
frequency 2.7-3.9 secretory spikes/6 h). These obser-
vations suggested that the pattern of LH secretion is
similar in both normal individuals and in those with a
variety of pathologic conditions. By contrast, the pattern
of pulsatile secretion appeared to differ in the following
conditions. LH pulses of higher amplitude (333±170%)
and lower frequency (1.6±0.24 SEM/6 h) characterized
the secretory patterns of women during the luteal phase
of the menstrual cycle, suggesting that gonadal steroids
may modulate LH pulses. LH pulses of low amplitude
(26±2.1%) and frequency (1.3±0.36/6 h) were ob-
served in women with anorexia nervosa.

Either integrated LH levels or a mean LH level de-
termined from multiple samples provided a more accu-
rate reflection of gonadotropin secretion than the use of
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single LH measurements. With multiple sampling over
6 h, it was possible to reduce the 95% confidence limit
of LH estimates from ±50-90 to ±12%. This allowed
normal subjects to be distinguished from patients with
low or moderately elevated LH levels in whom gonado-
tropin levels in single samples were often in the "normal
range."

Several aspects of the physiologic control of pulsatile
LH secretion were studied. The concordance of follicle-
stimulating hormone (FSH) with LH pulses progres-
sively increased as LH pulse height increased (P < 0.01)
suggesting possible hypothalamic mediation of gonado-
tropin pulses. Measurement of the "apparent half-life"
of LH after secretory spikes revealed half times of 34-
233 min. It is likely that this variability was attributable
to at least two phenomena: (a) constant low level LH
secretion that continued after certain secretory episodes
but not others; (b) variable mixing of newly secreted
LH into at least two pools. The alpha adrenergic-block-
ing agents, chlorpromazine and phentolamine, failed to
block LH secretory spikes at doses sufficient to result in
a 30 mm drop in systolic blood pressure in normal men.

INTRODUCTION
Following the development of methods for measuring
gonadotropins in serum, it was assumed that luteinizing
hormone (LH) and follicle-stimulating hormone (FSH)
were secreted continuously in man with resultant con-
stant serum levels. However, several investigators have
recently demonstrated that LH is secreted in a pulsatile
fashion in man as well as in other species (1-14). Stud-
ies in monkeys (11) suggested that the stimuli inducing
LH pulses originate in central nervous system centers
which mediate these effects through neurons utilizing
catecholamines as neurotransmitters.
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In view of these findings, it was necessary to develop
a new approach for the quantification of gonadotropin
secretion that would allow comparison between pa-
tients, even though LH levels were extremely variable in
individual subjects. In addtion, it was pertinent to de-
termine whether patients with a variety of disorders of
the pituitary gonadal axis have unique patterns of pul-
satile gonadotropin secretion that distinguish them from
normal individuals. And finally, it was of interest to
ascertain whether catecholamine-mediated neural events
control the pulsatile secretion of LH and FSH in man.
Quantitative means of analyzing LH pulse amplitude,
frequency, shape, and area were established and utilized
in this study to examine these questions.

METHODS

Quantitative parameters of LH pulses
Several descriptive parameters were established to com-

pare the patterns of pulsatile LH secretion in normal sub-
jects and patients with a variety of disorders of the
pituitary-gonadal axis. These parameters included the co-
efficient of variation of LH levels over a 6 h period, the
number of secretory pulses (increment from nadir to peak
of greater than 20%) per 6 h, the percent and absolute
increment in LH per secretory spike, the area under curves
described by LH levels determined over a 6 h period,
and the "apparent LH half-life" after each secretory spike.
The "apparent LH half-lives" were determined from the
log linear decrements of LH in serum that lasted at least
40 min and that followed preceding secretory spikes. The
regression lines describing these decrements were drawn
by computer,1 using least squares analysis. Regression lines
were excluded if nonlinear or if any point on the line
differed from the computed line by more than could be
explained by assay variability at the 99%o confidence limits.
All secretory spike parameters were calculated by IBM
360 computer, using a program designed for this purpose.'

Hormone assays
Serum LH levels were measured by a double antibody

radioimmunoassay system similar to that previously de-
scribed, utilizing reagents (anti-LH batch no. 1 antisera
and LER 960 HLH for radioiodination) supplied by the
National Pituitary Agency (15). With this system the
lower limit of detectibility using 200 Atl of plasma was 9 ng
of LER 907/ml.' The limit of detectibility represents the
lowest amount of LH that can be distinguished from zero
LH in samples containing buffer only, with 95% confidence
limits based on median assay variance. The precision of
the assay was determined by assaying 20 aliquots of three
plasma samples with low, intermediate, and high LH
levels. In this study, the within assay coefficients of varia-
tion of duplicate samples were respectively 6.7, 3.8, and
4.9% at 76, 55, and 20% binding oln the standard curve.

Copies of this program are obtainable from the National
Auxilliary Pulblications Service (NAPS). Order NAPS
Document no. 02147 from ASIS/NAPS, Microfiche Pub-
lications, New York 10017.

' 1 mg of LER 907 equals 263 IU of Second Inter-
national Reference Preparation of human menopausal go-
nadotropin in terms of LH.

Between assay variability at 50% binding was 13.3%.
During initial studies anti-HCG batch no. 1, supplied by
the National Pituitary Agency, was utilized in place of the
anti-LH batch no. 1. Similar potency estimates were ob-
tained for samples from 20 normal men using anti-HLH
as antisera (63±36 [SD] ng/ml LER 907) compared with
the estimates on these samples using anti-HCG batch no.
1 (79±57ng/ml).
Serum FSH levels were measured by a similar double

antibody radioimmunoassay system (15) using reagents
supplied by the National Pituitary Agency (antihuman
FSH batch no. 3 as antibody and LER 1,366 as human
FSH for radioiodination). The sensitivity (defined as
above) of this system using 200 ul of plasma is 30 ng/ml
of FSH in terms of LER 907.' At 20, 35, and 74%o binding
on the assay standard curve, within assay coefficients of
variation were 3.9, 3.1, and 4.3%, respectively. Between
assay variability at 50% binding was 12.3%. All samples
obtained from a single study were run in the same assay to
avoid interassay variability.
Plasma cortisol and compound S levels were determined

using modifications of the competitive protein-binding assay
described by Jubiz, Meikle, West, and Tyler (16) and
Murphy, Engleberg, and Pattee (17). Progesterone was
measured with a radioimmunoassay system (18). Human
growth hormone (HGH) was estimated using a solid-
phase radioimmunoassay system supplied by Abbott Labora-
tories (Abbott Scientific Products Div., South Pasadena,
Calif.) and standardized in our laboratory against the Na-
tional Pituitary Agency HGH double antibody system.

Collection of samples
In studies involving frequent sampling, a heparin well

scalp vein needle was inserted into an arm vein and taped
in place. Small amounts of heparinized saline were injected
into the polyethylene line after each blood collection and
removed immediately before sampling. Blood was allowed
to clot, and the serum was separated and frozen before
assay. Blood samples were obtained in normal volunteers
at varying time intervals as described below. In all patients,
samples were collected at 20-min intervals for 6 h.

Normal volunteers

Multiple blood samples were obtained from each of 24
normal males, ages 1940. Four men were sampled daily
for 60 days, and the others were sampled at hourly, 20-min,
or 10-min intervals throughout a 10 h period. Five normal
women (ages 21-28) with cyclic menses were also studied.
Blood samples were obtained every 20 min for 8 h on days
8 and 22 after the onset of menses. In four of these women,
blood was sampled daily throughout the cycle to document
the midcycle surge of LH and FSH and to establish the
time interval between day of (20 min) sampling and mid-
cycle peak. In two women, midcycle gonadotropin peaks,
luteal phase progesterone levels of 11.6 and 13.6 ng/ml, and
duration of the luteal phases of 12-14 days were indicative
of normal ovulatory menstrual cycles. Two additional
women exhibited short luteal phases (19), as evidenced by
the onset of menses 8 and 9 days after the midcycle LIFT
peakl and peak progesterone levels of only 6.4 and 3.8
ng/ml. Ovulation was not documented in the fifth patient

81 mg of LER 907 equals 35.8 IU of Second Inter-
national Reference Preparation of human menopausal go-
nadotropiii in terms of FSH.
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studied. None of these individuals had received oral con-

traceptives for at least 4 mo before study.

Hypothalamo-pituitary function tests

When there was clinical evidence of hypothalamo-pitui-
tary dysfunction, the following group of provocative tests
were used to establish the extent of hypofunction: HGH
was measured (luring arginine infusion (0.5; g,/kg) and
during insulin-induced hypoglycemia (20). Plasma U-1 and
FSH were measured during clomiphene citrate administra-
tion (200 mg/day for 6 days) (15, 21). ACTH reserve
was tested by the administration of Metopirone, 2.0 or 3.0
g in a single dose followed by the measurement of 11-de-
oxycortisol in serum 8 h later (16). Serum thyroxine was
measured as an index of thyroid-stimulating hormone
(TSH) secretion.

Patients
28 patients with various abnormalities of the pituitary-

gonadal axis were studied.
Hypogonadotropismin. Gonadotropin secretion was ex-

amined in five patients with gonadotropin deficiency. Two
women, one with anosmia (V. B.) and another without
anosmia (K. A.), exhibited selective gonadotropin de-
ficiency. Panhypopituitarism was present in a third woman
(E. L.). The two men with hypogonadotropism included
one patient with acromegaly (R. S.) and a 19-yr old pa-
tient with delayed puberty secondary to regional enteritis.
Hypergonadotropin. Seven women with high gonado-

tropin levels including five postmenopausal patients, one
surgical castrate and one patient with Turner's syndrome
(45,X karyotype in blood lymphocytes with bilateral streak
ovaries documented by laparoscopy) were studied. No pa-
tient in this group had received hormonal therapy for at
least 2 mo before study.
Secondary amenorrhea. Six lionhirsute patients with sec-

ondary amenorrhea of 6-24 mo duration were studied.
Three of these patients developed amenorrhea after ex-
tremely stressful situations and were classified "psychogenic
amenorrhea." The other three patients developed amenor-
rhea in association with galactorrhea (galactorrhea-amenor-
rhea). Evaluation revealed normal pituitary function as
jtdged by the above outlined provocative tests and normal
sella turcica size and configuration. In addition, 1 mg of
dexamethasone suppressed a.m. plasma cortisol in a normal
fashion. Prolactin levels were not measured in these pa-
tients.

Hirsutism. Seven patients with facial hirsutism without
other evidence of virilism were examined. Two of these
patients had enlarged ovaries observed at laparoscopy,
whereas in the remaining five the ovarian size as determined
by pelvic examination and laparoscopy (in four patients)
were normal. Hirsutism was graded 1 to 4+ (22). Plasma
testosterone levels varied from 44-147 ng/100 ml with 6/7
values above 65 ng/ml.4 Plasma cortisol levels suppressed
to < 3 /lg/100 ml after 1 mg of dexamethasone.
Anorexia nervosa. Three girls, ages 19-22, with ano-

rexia, marked weight loss, and amenorrhea were examined.
Each of these subjects had normal anterior pituitary func-
tion as judged by the above outlined hypothalamo-pituitary
function testing. In each patient, the diagnosis of anorexia
nervosa was arrived at by two physicians and a psychia-

4Patients with hirsutism and normal serum testosterone
ievels generally have elevated testosterone production rates
(23).

trist. Two responded to intensive inpatient psychiatric
therapy, and the third has responded to outpatient therapy.

Alpha adrenergic blockade
Five normal men were sampled at 20-min intervals for

6-10 h on 3 successive days. On day 1, no medication was
given. On day 2, phentolamine was administered intrave-
nously at a rate of 0.5-0.75 mg/min for 6-8 h (total dose
of 240 mg) according to the procedure of Porte (24).
Standing and supine blood pressures were monitored at
15- to 30-min intervals, and the rate of administration of
phentolamine was increased as necessary to insure adren-
ergic blockade that would result in at least a 30 mm Hg
drop in diastolic blood pressure upon standing. On day 3,
chlorpromazine (50 mg) was administered intramuscularly
2 h before the initiation of sampling and again 6 h later.
All subjects remained in bed during the study periods, and
two meals were allowed since previous studies have demon-
strated that food ingestion does not influence pulsatile LH
secretion (3).

LH half-life
To estimate the half-life of LH in man under conditions

oi negligible endogenous LH secretion (exogenous LH
half-life), unlabeled hormone was administered to four
patients with very low or undetectible LH levels. Three
of these subjects, ages 20-27, had recently undergone
hypophysectomy for pituitary tumor, and the fourth was a
patient with hypogonadotropism and anosmia. 1.5 mg of un-
labeled human LH (LER 1,417) supplied by the National
Pituitary Agency was administered intravenously, and LH
levels were then measured by radioimmunoassay techniques
in blood samples collected at frequent intervals for 6 h.

RESULTS

Pattern of LH and FSH secretion

Normal men. Serial measurements of LH in normal
men were extremely variable (coefficient of variation
21-43%) irrespective of whether samples were collected
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FIGURE 2 Pattern of LH and FSH levels (linear scale) in daily samples of blood collected
from a single patient during a menstrual cycle. The inserts represent the LH and FSH levels
(log scale) in serum samples collected at 20-min intervals for 8 h on days 8 and 22 (solid
arrows) after the onset of menses. The solid lines represent the decrements of LH after
secretory spikes (drawn by least squares analysis) which meet the criteria of linearity (see
text). The numbers above each solid line represent apparent LH half-life calculated from
that decrement.

at daily, hourly, 20- or 10-min intervals (Fig. 1). The
variability was due to periodic rapid increases (secretory
spikes) followed by slow decreases in plasma level of
this gonadotropin. The mean peak LH level of each in-
crease was 68±12% (range 20-400%) above the pre-

ceding nadir, and the secretory spike interval was 3.7
times/6 h (Table I). The mean apparent LH half-lives
calculated from the LH decline after each secretory spike
was 129±24 min (Table I). In comparison to LH, se-

rum FSH levels were relatively constant (coefficient of
variation, 10%) and abrupt increments comparable in
magnitude with those for LH were rarely observed.
Normad women. In women, the qualitative patterns of

gonadotropin secretion were like those of men with se-

rum FSH levels showing very small fluctuations as op-
posed to the frequent secretory spikes of LH. It was of
interest to note the quantitative differences in the pat-
tern of LH secretion between the luteal and follicular
phases of the menstrual cycle (Table I, Fig. 2). The
mean coefficient of variation of LH was significantly
greater during the luteal (46±8.8%) than during the
follicular phase (19±3.5%) even though mean serum

levels of LH were similar (58±8.3 vs. 67±7.6 ng/ml).
The larger coefficient of variation was due to the fact

that luteal-phase LH pulses were significantly larger
(P <0.01) (333±170%) than those of the follicular
phase (56±12%). In addition, the.LH secretory spikes
occurred (P <0.01) less frequently in the luteal phase
(1.6±0.24 vs. 3.2±0.36 secretory spike/6 h). Although
not statistically significant, the apparent LH half-lives
during the luteal phase (82±14 min) appeared to be
somewhat shorter than those observed during the fol-
licular phase (116±21 min).

Patients. A marked degree of variability in serum LH
but not FSH was observed in most patients (Table I).
In groups of women with amenorrhea and with hirsutism,
the LH secretory patterns were more like those observed
during the luteal phase of the normal menstrual cycle.
In. these patient groups, both the mean coefficient of
variation (amenorrhea, 37±5.3%; hirsutism, 39+9.6%)
and the mean percent LH increment (amenorrhea, 130±
41%; hirsutism, 179±116%) were high relative to those
of the follicular phase. In addition, the apparent LH half-
lives in these patients (amenorrhea, 84±14 min and
hirsutism, 78±13 min) were similar to those observed
in the luteal phase (82±+14 min).
By contrast, groups of patients with hypogonado-

tropism and with hypergonadotropism exhibited patterns
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of LH secretion that were quite different from those of
the luteal phase of the menstrual cycle. In these groups,
both the coefficient of variation (19±1.0 and 20±2.8%)
and the percent increases in LH per secretory spike
(39±6.9, 54±8.1) were low and indistinguishable from
those of the follicular phase. In addition, the apparent
LH half-lives and frequency of secretory spike were also
quite comparable with those of the first half of the nor-
mal menstrual cycle (Table I).

Three women with anorexia nervosa exhibited rela-
tively little fluctuation of LH levels in serum. Not only
was the mean coefficient of variation of LH the lowest
observed in any patient group (11.2±1.8%), but the
percent (26±2.1%) and absolute increments in LH per
secretory spike (3.4±1.6 ng/ml) and the frequency of
secretory spike observed over 6 h (1.3±0.36) were also
low. That the reduction of pulses in these patients did
not reflect methodologic errors inherent in measuring
low gonadotropin levels was suggested by the fact that
identical patient estimates were obtained wvhen 200 or
400 /4 of serum were used in the assay.
The pattern of LH secretion in patients with hyper-

gonadotropism appeared to differ from those of other
groups because of the large absolute increments in plasma
levels of this gonadotropin during secretory spikes. These
pulses (185±70 ng/ml) were two- to sevenfold greater
than those exhibited by normal women (luteal, 73±15
ng/ml; follicular, 26±+5.0 ng/ml). However, when ana-
lyzed according to the percentage rather than absolute
increments, the LH secretory pulses in women with hy-
pergonadotropism were no greater than those of any
other patient group. Furthermore, the absolute LH in-
crease during each secretory spike appeared related to
the mean LH levels, as evidenced by the high correla-
tion (r = 0.94) between secretory spike magnitude and
mean LH level (Fig. 3). The single exception to this
relationship occurred in the patterns found during the
luteal phase in normal women (Fig. 2, Table I) whose
secretory spikes were clearly of greater magnitude than
those of other patients with comparable mean LH levels.

Clinical interpretation of inconstant LH levels
Integral vs. mean LH levels. Since serum LH levels

were not constant, integral LH levels were examined as
a better index of LH secretion. The integral levels was
determined by calculating the area under curves described
by LH levels at 20-min intervals over a 6 h period. We
found, however, that the integral levels determined in
such a fashion, correlated perfectly (r = 1.00) with the
mean LH calculated from the individual LH determina-
tions over the same 6 h period. This correlation indicated
that in patients not receiving hormones, the mean plasma
level might be just as useful as the integral level, pro-
vided enough samples were obtained.

X400

en/0 0.94

° 300
I.

4o AOR/MAL FEMALE /

100 200 300 400 500 600 700 800 900 1,000 1100

MEAN LH LEVEL
ng/ml

FIGURE 3 The correlation of the mean magnitude of each
LH secretory spike, expressed as the nanogram increments
from nadir to peak, with the mean levels of LII measured
in blood samples collected at 10- or 20-mmn intervals for 6 h.
The open circles represent the data obtained in women
during the luteal phase of menses, whose secretory spikes
are of greater proportionate magnitude than those of any
other patient groups (see text).

The duration of sampling required for precise estima-
tion of the mean plasma LII level was then determined.
For this purpose, the cumulative mean LII levels an
their 95% confidence limits were calculated for 1 through
6 h of consecutive sampling in each normal subject, as
exemplified in a single patient in Fig. 4. In all subjects.
the cumulative mean LII level had stabilized after 3 hl
of sampling because at least one secretory spike had oc-
curred during this period. The 95%. confidence limits of
the cumulative mean LII for the normal subjects was
±18% at 3 h and ±12%/ at 6 h. These studies suggested
that at least 3 h of observation (every 20m- sampling)
are required to determine accurately the mean plasma
level of LII in man.

Multiple sampling (luring the same day max- not at
times be feasible. A similar analysis of cumulative mean
LII levels determined by daily sampling, revealed that
nine daily samples must be obtained in order to reduce the
95% confidence limits of that mean to less than ±25%<.

Usefulncss of mlean LH lin'els. The normal range of
mean LH levels in men (range. 24-55 ng/ml) andl
women (range, 39-86 nlg,'ml) are shown inl panel A ot
Fig. 5. Many of the LII levels determined on individual
samples in these same subjects were well above (e.g. 157
ng/ml) or below (e.g. 9 ng/ml) the range for mean
LII levels (Fig. 5, panel B). From these observations,

Episodic Luteinizing Hormone Secretion in Man 2623
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pearance of exogenous LH (32-65 min); (b) half times
longer than those during the second-phase disappearance
of exogenous LH (90-145 min), and (c) half times in-
termediate between those observed during the initial- and
second-phase half-lives of exogenous LH. As an explana-
tion for these observations, it appeared likely that short,
apparent half-lives (32-65 min) reflect complete cessa-
tion of LH secretion between secretory spikes. Further-
more, continuance of low level LH secretion after se-
cretory spikes can account for apparent LH half-lives of
greater than 145 min. However, this simple comparison
of endogenous and exogenous LH disappearances cannot
explain whether continuous LH secretion could account
for the large number of intermediate half-lives observed.

In an effort to determine whether factors other than
discontinuance of LH secretion might also influence LH
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FIGURE 4 The solid line and shaded area are the cumula-
tive mean LH level and the 95% confidence limits of that
mean at hourly intervals for 6 h in a single patient. For
comparison, the dotted lines and open circles represent the
actual estimates of serum LH in samples obtained at 20-
min intervals.
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it is clear that precise discrimination of normal sub-
jects from those with low or moderately elevated mean
LH levels is difficult when single LH determinations are
used. The mean LH levels determined from multiple
samples, however, minimize the overlap between normal
subjects and patients with mild abnormalities of gonado-
tropin secretion (Fig. 5, panel C).

Physiological studies of pulsatile LH secretion

Constant vs. discontinuous LH secretion. If LH se-
cretion ceases completely between secretory pulses, the
subsequent disappearance of endogenous hormone from
blood should parallel the disappearance of exogenously
administered LH. To investigate this hypothesis, LH
half-lives were determined in four gonadotropin-deficient
men after administration of highly purified human LH
(LER 1,417). The disappearance of exogenous LH in
blood was described by two linear exponentials with a

mean initial phase half time of 39 min (range, 32-65)
and a mean second-phase half time of 121 min (range,
90-145) (Fig. 6). By contrast, endogenous LH disap-
pearance (after secretory spikes) was described by a

single linear exponential with apparent half times which
could be arbitrarily divided into three categories: (a)
half times similar to those during the initial-phase disap-
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FIGURE 5 (A) The normal range of 6-h mean LH levels
is represented by the shaded area. Each data point reflects
the mean levels of LH observed in blood samples collected
at 10- or 20-min intervals for 6 h. (B) Estimates of LH
concentration in individual samples which were above or

below the normal range established by calculating 6-h mean

LH levels in these same normal subjects. (C) 6-h mean

LH levels in patients with various abnormalities of the
pituitary-gonadal axis.
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FIGURE 6 LH levels in the sera of four hypogonadal men
after the injection of 1.5 mg of human LH intravenously.
The solid lines represent the early and late phase half-life
of LH in each individual subject. The regression lines were
drawn after determining the best fit from least squares
analysis after manual stripping of the late phase from the
early phase exponential.

disappearance, we observed that apparent LH half-lives
were related to the height of the secretory spikes; that
is, short, apparent LH half-lives were observed after
large secretory spikes and prolonged apparent half-lives
were seen after small secretory spikes. A significant in-
verse correlation (r = - 0.87) existed between the se-
cretory spike height and apparent LH half-lives (Fig.
7). This latter observation suggested that the apparent
LH half-life actually reflects components of initial and
second-phase disappearance of LH, and the contribution
of each of these phases to apparent half-life relates to
the height of the preceding secretory spike. The wide
range of apparent half-lives observed, therefore, results
from variable contributions of the initial- and second-
phase LH disappearance in addition to constant low
level LH secretion between pulses.

Correlation of FSH zith LH spiking. In all patients
studied, LH levels varied greatly in contrast to the in-
termittent increments in FSH levels of lesser magnitude.
Although FSH and LH secretory bursts were often inde-
pendent, concordant increases in serum FSH levels dur-
ing LH secretory spikes were observed significantly

(P < 0.001) more frequently than would be expected
to occur by chance. Furthermore, the concordance of
FSH with LII pulses significantly increased (P < 0.01)
as a function of the height of the LH pulses.

In contrast, there was no concordance bctween LH
spikes and those of ACTH as reflected by serum corti-
sol levels (25) even when a 20 min lag in rise of corti-
sol (to compensate for time of ACTH effect) was al-
lowed (Table II).
Alpha adrenergic blockade. Intravenous administra-

tion of the alpha adrenergic-blocking agent, phentola-
mine, in amounts sufficient to produce marked ortho-
static hypotension in five normal men, resulted in no al-
teration of LH secretory spike activity as reflected by
coefficient of variation (control, 19±2.7%, phentolamine,
20±2.7%), incremental magnitude of each secretory
pulse (Control, 17±2.4, vs. 25±8.0 ng/ml), or apparent
LH half-life in the five normal men studied. Another
alpha blocker, chlorpromazine, did not reduce, and to
our surprise slightly increased the magnitude of LH se-
cretory pulses in the five subjects studied. Mean LH
secretory spike increment during chlorpromazine ad-
ministration was 31±3.3 compared with 17±2.4 ng/ml
during the control period even though the frequency of
secretory spikes did not change (Control, 2.8±0.2 vs.
chlorpromazine, 2.8±0.4). These responses were di-
vergent from the effects noted in castrated monkeys re-
ceiving larger doses of these same medications (11).
Present data do not allow speculation whether these dif-
ferences are due to dosage or species effects.
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FIGURE 7 Correlation between the mean LH secretory
spike magnitude in percent and apparent LH half-life. Each
data point represents the mean of a group of patients listed
in Table I.
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TABLE I I
Concordance of FSH and Cortisol Increments with LH Secretory Spikes

Mean LH
secretory spike

Increment-Percent

Simultaneous FSH levelst

No
Increase change Decrease

Simultaneous cortisol levels

No
Increase change Decrease

Cortisol levels
20 min after LH spike

No
Increase change Decrease

20% or greater

40%X0 or greater

60% or greater

80% or greater

100% or greater

200% or greater

125*
(63%)
66
(65%)

48
(69%)
38
(78%)
31
(78%)
8

(89%)

17
(9%)
8
(8%)
4
(6%)
3
(6%)
3
(7%)

57*
(28%)
28
(27%)
17

(25) oh%
8

(16%)
6

(15%)
0 1

(11%)

15 3 18

9 1 10

6 1 6

6 1 6

4 1 4

2 0 2

15 4 17

7 3 10

6 2 5

4 0 5

3 1 5

1 0 3

* P < 0.001 by X2 (increase vs. decrease).
$ P < 0.01 by Kendall's Rank correlation (increasing concordance FSH with LH spikes of increasing magnitude).

An incidental observation in this study was the con-
stancy of the mean LH levels in individual men over 3
days of study. Even though major pharmacologic manip-
ulations were performed, the mean LH levels for the
initial day differed from those on the following 2 days
by only 13% (range, 2-31%) in the five patients
studied.

DISCUSSION
Patterns of secretory spiking. The rhythmic secre-

tion of LH at 1- to 3-h intervals has been described
for several species (1-14). In man, pulsatile LH secre-
tion has been observed in normal men and women and
in individuals with gonadal failure (1-10, 14). In the
present study similar patterns of LH secretion were
detected in a large number of patients with hypo- and
hypergonadotropism, amenorrhea, and hirsutism. These
observations suggest that pulsatile LH release occurs
in the presence or absence of gonadal steroids and that
the pattern of LH secretion is similar in both normal
individuals and in those with a variety of pathological
conditions. In addition, they emphasize that a common
mechanism for initiation of LH secretion is operative
in all patients.

Since the pattern of LH secretion appeared, by in-
spection, to be qualitatively similar in most subjects, it
was pertinent to determined whether there were quan-
titative differences between patients and normal men

and women. Several parameters were selected which
could be used to describe the pulsatile secretory pat-
terns in quantitative terms. These included frequency

(number of secretory spikes/6 h), amplitude (percent
and absolute secretory spike increment), and apparent
LH half-life. It is appreciated that the limits set in
the definition of these parameters are arbitrary and
relate to methodologic rather than physiologic criteria.
For example, while LH pulses not sufficient to produce
a 20% increment in serum LH may be physiologic, they
are not considered for analysis since they cannot be
detected with 99% confidence limits by our assay
system.
From analysis of these parameters in normal women,

the pattern of LH secretion in the first half of the
menstrual cycle was shown to differ from that of the
second half of the cycle. High amplitude, low frequency
pulses characterized the luteal portion of the menstrual
cycle, whereas low amplitude, high frequency pulses
were observed in the follicular phase. To our surprise,
most patients secreted LH in patterns that resembled
those of either the follicular or the luteal phase. This
observation emphasizes that particular patterns of LH
secretion are not unique to certain pathological states.

Patients with anorexia nervosa may be an exception
to this general statement. Decreased gonadotropin secre-
tion as a consequence of starvation is known to produce
amenorrhea and delayed puberty. In the present study,
patients with caloric and protein restriction secondary to

anorexia nervosa had not only reduced mean LH levels
but also low frequency, low amplitude patterns that
differed from all others examined. Although other
patients with a variety of psychiatric disorders have
amenorrhea, such patients examined to date have not
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had low amplitude secretory spikes. From the available
data, we tentatively conclude that restricted food intake
may modify gonadotropin secretion by a different
method than is operative in any other disease states.
One of the most striking changes in LH secretion

occurs between the follicular and the luteal phases of
the menstrual cycle when there is a shift from high
frequency, low amplitude to low frequency, high am-
plitude secretory spikes. It is of interest that similar
low frequency, high amplitude pulses were observed in
both castrate monkeys (12) and in patients with
gonadal dysgenesis recovering from estrogen-induced
gonadotropin suppression (26). In these studies, estro-
gen infusions resulted in blood levels similar to or ex-
ceeding those which occur before the midcycle LH
peak in women. It is possible that in normal women, the
high estradiol levels at midcycle sensitize the hypothala-
mus or pituitary to facilitate the high amplitude secre-
tory spikes observed during the luteal phase (27). The
progesterone increment during the luteal phase could
also account for the characteristic high amplitude luteal-
phase LH patterns. However, the administration of
progesterone to castrate monkeys did not alter LH
pulses even when luteal-phase progesterone levels were
achieved (12). In addition, two women in the present
study with short luteal phases associated with reduced
progesterone levels (3.8-6.4 ng/ml) exhibited spiking
patterns identical with those observed in the two
women with luteal-phase progesterone levels of 11.6-
13.6 ng/ml. Although it is assumed that gonadal ster-
oids do alter the magnitude and frequency of the LH
pulses between the follicular and the luteal phases of
the menstrual cycle, further studies are required to
establish which hormones are involved and how they
interrelate with the central nervous system and the
pituitary.

Clinical interpretation of inconstant LH levels. Since
all subjects in this study exhibited wide variations in
serum LH levels, an integrated value was determined
as an index of LH secretion. It was found, however,
that mean LH levels calculated from samples drawn at
20-min intervals for 6 h provided a method for evalu-
ating LH secretion that was as useful as the integrated
value. Without multiple sampling, a single measurement
of LH in a normal man allows an estimate of mean LH
with an accuracy of 50% and in a normal woman during
the follicular and luteal phases, --38 and ±92% re-
spectively. The mean LH level from 6 h of samples
has an error of ±12%. The only situation in which
mean LH levels would not be useful would be during
periods of rapid increase or decrease in LH secretion
as might be observed during stimulation or suppression
tests. Under these conditions, integrated values would
be a better index of LH secretion.

Several well-defined clinical circunistances requiredl
the determination of mean LH levels by frequent sam-

pling. Individuals with low LH levels cannot be ac-

curately distinguished from normal subjects on the
basis of single samples (Fig. 5) because of the overlap
resulting from the low levels of LH often exhibited by
normal subjects at the nadir of secretory spikes. Simi-
larly, individuals with moderately elevated levels, such
as women with hirsutism, cannot be distinguished from
normal women on the basis of single determinations.
In addition, studies of gonadotropin secretion in which
one wishes to demonstrate 2040% changes in hor-
mone concentrations require multiple sampling. For
example, the demonstration of LH increments after
clomiphene or the suppression of LH after testosterone
in individual patients necessitates that the error result-
ing from fluctuating levels be reduced to less than 20%..
In contrast, the measurement of LH in a single blood
sample will usually be sufficient to discriminate subjects
with gonadal failure with resultant fivefold or greater
elevations of LH from eugonadal subjects (Fig. 5).

Studies were carried out during nonsleep periods ill
all patients since it is practical to study a large number
of patients in this fashion. It is recognized that various
anterior pituitary hormones may have different patterns
of secretion during sleep and samples collected during
sleep may provide additional information relevant to
the pathogenesis of certain clinical disorders.

Origin of LH pulses. Insufficient data has been re-
ported at present to clarify the site of origin of stimuli
resulting in pulsatile LH secretion. Possible sites in-
clude the pituitary, the hypothalamus, catecholamine-
mediated stimulatory neurons abutting on the median
eminence, or higher central nervous system centers.
Whereas the initiation of pulses strictly at the pituitary
level is possible, no evidence exists to support this possi-
bility. It is more likely that the stimuli for pulsatile
secretion reside above the pituitary level and act
through a LH-releasing factor. If this were the case,
FSH and LH increments might then be expected to
occur simultaneously under certain circumstances, since
LH-releasing hormone is also known to stimulate FSH
release. In this regard, FSH increased during LH
pulses in our patients significantly more frequently
than could be ascribed to chance (Table II).

Since the administration of exogenous LH-releasing
factor to humans results in FSH rises only when rela-
tively large LH increments are produced, FSH secre-
tory pulses should occur only during large LH secretory
pulses (28-31). In this regard, the concordance of FSH
with LH secretory spikes increased as the magnitude
ox LH pulses increased in our patients. Although com-
patible with the possibility that LH secretory spikes
are LRF mediated, these observations ill no way ex-
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dude the possibility that two separate gonadotropin-
releasing factors may be released simultaneously to
result in concordant LH and FSH pulses.
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