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ABSTRACT. To examine the hypothesis that the frequency
of endogenous pulsatile LHRH stimulation controls the relative
secretion of FSH and LH from the pituitary, we studied men
with elevated FSH levels and normal LH levels to determine
whether they have an altered frequency of pulsatile LHRH
secretion compared to normal men. Because peripheral blood
measurements of LHRH do not reflect the pulsatile character-
istics of hypothalamic LHRH secretion, and.it is generally
accepted that the pulse frequency of LH secretion is an index of
the frequency of endogenous LHRH pulsation, we used LH pulse
frequency as the indicator of LHRH pulse frequency. Frequent
blood sampling was performed to characterize LH pulse patterns
in five men with selective elevations of FSH and seven age-
matched normal men. Beginning at 0800-0930 h, blood samples
were obtained every 10 min for 24 h through an indwelling iv
catheter. Serum LH and FSH levels were measured by RIA in
each sample, and the pattern of LH secretion was determined.

Testosterone (T), estradiol, sex hormone-binding globulin, and
free T were measured in a pooled serum sample from each man.
Men with selective elevations of FSH had fewer LH pulses per
24 h (mean * SEM, 10.6 + 0.5) than the control group (12.9 +
0.6; P < 0.01). There was no statistically significant difference
in LH pulse amplitude (23 + 4 vs. 17 £ 3 ng/ml). There were no
statistically significant differences in T (4.9 = 0.5 vs. 6.1 + 0.5
ng/ml), estradiol (23 £ 7 vs. 31 % 5 pg/ml), sex hormone-binding
globulin (7.7 £ 1.4 vs. 7.7 £ 1.2 ng bound dihydrotestosterone/
ml), or free T (0.16 £ 0.02 vs. 0.23 = 0.04 ng/ml) in these men
vs. normal subjects. We conclude that 1) compared to normal
men, men with selectively elevated FSH levels have decreased
LH pulse frequency, which suggests decreased LHRH pulse
frequency; and 2) the relative secretion rates of LH and FSH by
the pituitary may be regulated by the frequency of pulsatile
LHRH secretion from the hypothalamus. (J Clin Endocrinol
Metab 60: 197, 1985)

EVERAL clinical and experimental states are char-
acterized by a selective increase in FSH levels with
normal or near-normal LH levels (1). This elevation of
FSH occurs despite the fact that the only known gonad-
otropin-releasing hormone, LHRH, when administered
as a single dose, stimulates LH secretion to a greater
extent than FSH. This apparent paradox has led to the
proposal of several mechanisms to explain selective FSH
increases, such as increased pituitary stimulation by a
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separate FSH-releasing factor (2), decreased gonadal
production of inhibin (3), and decreased gonadal produc-
tion of sex steroids (4).

An alternative mechanism for the selective control of
FSH secretion was suggested by the studies of Wildt et
al. (5). Using ovariectomized, hypothalamus-lesioned
monkeys, these investigators demonstrated that the rel-
ative blood levels of LH and FSH could be controlled
separately by the frequency of pulsatile exogenous
LHRH administration. Slower pulse frequencies favored
FSH secretion, while more rapid pulses favored LH
secretion.

Based on these observations, we hypothesized that
men with selective elevations of FSH have a slower than
normal pulse frequency of LHRH, which might result in
their high FSH levels. To test this hypothesis, we deter-
mined the LH pulse patterns in men with elevated FSH
levels and normal LH levels compared to those in normal
men. We assumed that endogenous LHRH pulses are
reflected in LH pulses that are measurable in peripheral
blood (6, 7). If men with selectively increased FSH levels
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had decreased LH pulse frequency compared to normal
men, this would be evidence supporting the role of en-
dogenous LHRH pulse frequency in the control of the
relative secretion of LH and FSH by the pituitary gland.

Materials and Methods
Subjects

Men with selective FSH elevations. Five men, aged 32-44 yr,
with selective elevations of serum FSH levels were recruited
and volunteered to participate in this study. Three of these
men were first seen during evaluation for infertility; two had
azoospermia, and one had a mean sperm count of 5.5 million/
ml (six measurements). The other two men were discovered
while undergoing screening laboratory testing before enroll-
ment as normal volunteers in a separate study. On six mea-
surements, their mean sperm counts were 20.8 and 52 million/
ml (8). All five men had single random serum FSH levels above
230 ng/ml (normal range in adult men, 30-230 ng/ml) and
normal serum LH (11-80 ng/ml) and testosterone (T; 2.7-10
ng/ml) levels (Fig. 1). Twenty-four-hour mean FSH levels
during the sampling studies described below ranged from 200-
400 ng/ml, and LH levels were less than 60 ng/ml in these
men. They were all otherwise healthy and were not-receiving
any medications. None of the men had received prior treatment
for infertility.

Normal men. Seven normal men, aged 29-44 yr, were recruited
by newspaper advertisement and volunteered to participate in
this study. These men had normal single random serum FSH,
LH, and T levels (Fig. 1). All had sperm counts above 20
million/ml (six measurements). Their mean 24-h FSH and LH
levels (in sampling studies described below) were within the
normal adult male range. These men also were healthy and
were receiving no medications.
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Fic. 1. FSH, LH, and T levels in normal men (®) and men with
selective elevations of FSH (@) at entry to the study. Values were
obtained from single random blood samples. The normal adult male
range for each hormone is within the shaded areas. Note the similarity
of LH and T levels and the distinct difference in FSH levels.
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Protocol

Subjects were admitted to the Special Studies Unit of the
Seattle V.A. Medical Center or to the Clinical Research Center
at the University of Washington Hospital. Beginning at 0800-
0930 h, blood samples were obtained every 10 min for 24 h
through an indwelling catheter placed in an arm vein. The iv
line was kept open with a continuous infusion of heparinized
normal saline. Before taking each 3-ml blood sample, the iv
line was cleared by removing the first 6 ml of blood via a three-
way stopcock. After obtaining each blood sample, the 6 ml of
blood originally removed were reinfused, and the line was
flushed with heparinized saline. Samples were allowed to clot
at room temperature, and the blood was centrifuged. The serum
was separated, frozen, and stored at —20 C until assayed.

Serum LH and FSH levels were measured in duplicate by
RIA in all samples; all samples from an individual man were
analyzed at the same time in each assay. Serum T, estradiol
(E;), sex hormone-binding globulin (SHBG), and free T were
determined in a pool composed of equal volumes of serum taken
from the first five samples from each subject.

The study protocol was reviewed and approved by the Hu-
man Subjects Review Committee of the University of Wash-
ington. Informed consent was obtained from each subject before
their participation in the study.

Hormone assays

LH and FSH RIA. The RIA for LH (9, 10) used a reference
standard (LER 907) and first antibody (antihuman LH batch
2) supplied by the National Pituitary Agency. The tracer was
purified hCG (supplied courtesy of Dr. C. Alvin Paulsen) radi-
oiodinated with '*I using chloramine-T (11). The limit of
detectability of this assay was 6 ng/ml, and the intra- and
interassay coefficients of variation were 5.5% and 8.4%, respec-
tively.

The RIA for serum FSH (9, 10) used reagents distributed by
the National Pituitary Agency. The reference standard was
LER 907; the first antibody was antihuman FSH (batch 5), and
tracer was HS-1, radioiodinated with ***I using chloramine-T
(11). The limit of detectability of FSH in this assay was 25 ng/
m]. The intraassay variability was 7.3%, and the interassay
variability was 9.7%. Assay results for both LH and FSH RlAs
were calculated using the computer program of Burger et al.
(12).

T and E, RIA. The RIA for serum T and E, used reagents
supplied by the WHO Matched Reagent Programme (13). The
antisera were raised in rabbits against BSA conjugates of T
and E,. Anti-T antiserum exhibited cross-reactivity of 14%
with 5a-dihydrotestosterone (DHT), 6% with 5a-androstane-
diol, and less than 2% with the other steroids tested. Anti-E,
antiserum exhibited 17% cross-reactivity with estrone. The T
assay was preceded by ether extraction, and the E, assay was
preceded by ether extraction and Celite chromatography us-
ing 40% ethyl acetate eluant. In both assays, separation of
bound from free hormone was accomplished using dextran-
coated charcoal. The assay sensitivity was 0.1 ng/ml for T and
12 pg/ml for E,. The intra- and interassay variabilities were
5.1% and 9.8%, respectively, for T and 8.2% and 8.8%, respec-
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tively, for E,.

SHBG and free T determination. SHBG determinations were
performed by Dr. Stephen R. Plymate, Madigan Army Medical
Center (Tacoma, WA), using a modification (14) of procedures
used to measure androgen-binding protein described by Musto
and Bardin (15). Serum samples were incubated with charcoal
for 16 h at 4 C before DHT saturation analysis so as to remove
circulating steroids. Free T levels were calculated from the
formula of Pearlman (16) using the equilibrium association
constant of T for SHBG reported by Moll et al. (17).

LH pulse analyses. LH pulses were analyzed using a comput-
erized method in which duplicate determinations of LH on
sequential blood samples collected from each subject were first
assessed by analysis of variance. This procedure was used to
determine the relative contribution of measurement variability
(as indicated by the coefficient of variation of assay duplicates)
to the overall pattern of hormone fluctuations in the experi-
mental data. Before pulse analysis, a moving average of each
two successive data points was performed to smooth the base-
line. A pulse was defined as an increment in hormone level
from nadir to peak greater than 4 times the coefficient of
variation of assay duplicates. The number of LH pulses per 24
h and pulse amplitudes (increment in hormone level from nadir
to peak per pulse) then were determined by the computer.

Statistical analysis. Mean gonadotropin levels and mean LH
pulse amplitude were determined for the 24 h of sampling for
each subject. Student’s unpaired ¢ test was used to compare the
mean hormone levels and LH pulse parameters of the group of
men with selective elevation in FSH with those of the normal
men. -

Results
LH and FSH levels

Mean gonadotropin values in the 24-h sampling stud-
ies are shown in Table 1. In men with selective elevations
of FSH, the mean 24-h LH level was 40 + 4 (+SEM) ng/
ml compared to 31 * 2 ng/ml in the normal men (P =
NS). The 24-h mean FSH level in the group with selec-
tive elevations of FSH was 289 + 35 ng/ml compared to
112 # 15 ng/ml in the normal group (P < 0.001). The
ratio of FSH to LH levels was significantly increased in

TABLE 1. Serum FSH and LH levels and LH pulse parameters

o Ui Lpe
(ng/ml)  (ng/ml) (no./24 h) (ng/ml)
Elevated FSH 289 +35° 40+4 10.6%0.5° 23+ 4
(n=15)
Normal men 112+15 312 12906 17+ 3
(n=7)

All values are the mean + SEM. Values were obtained from sampling
performed every 10 min for 24 h.

¢ P < 0.001 compared to normal men.
® P < 0.01 compared to normal men.

men with selective FSH elevations (7.4 + 0.9) compared
to that in the normal men (3.9 + 0.7; P < 0.01).

LH pulse patterns

The 24-h LH secretory pattern with designation of the
pulses found by our method is shown for each of the
subjects with elevated FSH in Fig. 2 and for each of the
normal men in Fig. 3. As can be seen, the men with
selective elevations of FSH as a group had fewer LH
pulses than the normal men.

LH pulse parameters for the groups are shown in Table
1. In men with selective elevations of FSH, the mean LH
pulse frequency was 10.6 + 0.5 pulses/24 h compared to
12.9 *+ 0.6 pulses/24 h in the normal men (P < 0.01).
The mean LH pulse amplitude of men with selective
elevations of FSH was 23 + 4 ng/ml compared to 17 + 3
ng/ml in normal men (P = NS).

T and E, values

Mean T and E, values are shown in Table 2. In the
group with selective elevations of FSH, serum T levels
were 4.9 * 0.5 ng/ml compared to 6.1 *+ 0.5 ng/ml (P =

ELEVATED FSH

LH (ng/mi)
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F1G. 2. Twenty-four-hour LH pulse patterns of men studied with
selectively increased FSH levels. Arrows denote pulses, as detected by
the computer program (see Materials and Methods).
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Fic. 3. Twenty-four-hour LH pulse patterns of normal men studied.
Arrows denote pulses, as detected by the computer program (see Ma-
terials and Methods).

TaBLE 2. Serum T, k. SHBG, and free T levels

SHBG

T E, (ng bound Free T
I:
(ng/mD) . ‘ml)  ppe /ml) (ng/ml)
Elevated FSH 49+05 23+, 7.7+14 0.16 + 0.02
(n=15)
Normal men 6.1+05 31x5 7.7+£1.2 0.23 £ 0.04
(n=17)

All values are the mean + SEM. Values were obtained from pooled
samples at the beginning of frequent sampling.

NS) in the normal group. E; values were 23 + 7 pg/ml
in the men with selective elevations of FSH compared to
31 *+ 5 ng/ml in the normal group (P = NS).

SHBG and free T

Mean SHBG and free T values are shown in Table 2.
SHBG levels were 7.7 = 1.4 ng bound DHT/ml in the
group with selective elevations of FSH compared to 7.7
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#+ 1.2 ng bound DHT/ml (P = NS) in the normal group.
The free T level was 0.16 + 0.02 ng/ml in the men with
selective FSH elevations compared to 0.23 % 0.04 ng/ml
in the normal group (P = NS).

Discussion

These findings demonstrate that men with selective
elevations of FSH have a decreased LH pulse frequency
compared to normal men. Based on previous observa-
tions that LH pulsatility is a reflection of LHRH secre-
tory activity (6, 7), our results imply that men with
selective elevations of FSH have decreased hypothalamic
LHRH pulse frequency. These results give support to
the concept of endogenous LHRH pulse frequency hav-
ing a role in modulating the relative rates of LH and
FSH secretion from the anterior pituitary gland.

That the frequency of pulsatile LHRH stimulation can
selectively regulate LH and FSH secretion was first
demonstrated by Wildt et al. (5). Using ovariectomized
rhesus monkeys bearing radiofrequency-induced lesions
of the LHRH-producing arcuate nucleus, they found that
by varying the frequency of pulsatile LHRH administra-
tion, they could affect the relative amounts of FSH and
LH produced by the pituitary gland, with slower frequen-
cies favoring FSH secretion. We recently extended this
finding to men by varying the frequency of pulsatile
LHRH administration to men with endogenous LHRH
deficiency and demonstrating that mean FSH levels rise
but mean LH levels remain constant as the frequency of
LHRH administration decreases (18).

How alterations in the frequency of LHRH selectively
modulate FSH and LH secretion is a question of consid-
erable interest. Although no cellular mechanism has been
established to account for this process, the longer half-
time of disappearance of FSH from blood (4-6 h) com-
pared to that of LH (30-60 min) (19, 20) as well as
differences between FSH and LH in their responsiveness
to LHRH stimulation probably are involved. Lincoln
(21) demonstrated in sexually quiescent rams receiving
LHRH that FSH levels remained elevated for at least 24
h after stopping LHRH treatment, whereas LH levels
declined to low baseline values within 4 h. The persistent
elevation of FSH could not be accounted for by half-life
considerations alone, and the conclusion of the study
was that once stimulated by LHRH, FSH synthesis and
release proceed for a longer time than do LH synthesis
and release. Wildt et al. (5) found that with a decrease
in LHRH pulse frequency from once per hour to once
per 3 h, the amount of FSH released from the pituitary
gland with each LHRH stimulus increased 4-fold, while
LH release increased only 2-fold per pulse. This finding
is likely to be accounted for by relatively more FSH
synthesis during the interstimulus period, resulting in an
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increased readily releasable pool available for secretion
when the next LHRH stimulus occurred. Thus, it seems
that FSH and LH not only have different half-lives, but
also that the cellular mechanisms involved in their syn-
thesis and release have different response patterns to
LHRH stimulation. The differences probably contribute
to the ability of a decreased LHRH pulse frequency to
generate a selective elevation of FSH.

The presumably decreased LHRH pulse frequency in
our subjects may be either a primary or a secondary
phenomenon. Primary disorders of hypothalamic LHRH
pulse generation have been described. Patients with en-
dogenous LHRH deficiency (e.g. Kallmann’s syndrome)
have absent or minimal LH pulsatility (22). Adolescents
with the polycystic ovary syndrome have a primary ab-
normality in the circadian rhythm of LH pulsation (23).
It is possible that our subjects have a primary abnormal-
ity in their LHRH pulse generation processes and are
part of a spectrum of such disorders. If so, the sperma-
togenic defect in these men could be due to the alteration
in LHRH production, mediated by an imbalance in cir-
culating LH and FSH levels.

Alternatively, the decreased LHRH pulse frequency
could be secondary to altered feedback mechanisms. Men
with oligo- or azoospermia and selective elevations of
FSH have either normal T levels (3, 24-26) or decreased
T levels (27, 28), whereas E; levels are either normal (24,
25, 27) or elevated (29). Booth et al. (30) reported that
men with selective elevations of FSH have a decreased
production rate of T despite normal T levels. In the
present study we found normal levels of T, free T, and
E., although there was a tendency for all to be reduced
in the men with high FSH levels. If our men do have
decreased Leydig cell function, altered feedback mecha-
nisms could be acting on the hypothalamus or pituitary.
The available evidence suggests, however, that loss of T
feedback results in an increased LH pulse frequency (31),
making it unlikely that T deficiency accounts for the
decreased LHRH pulse frequency of our subjects.

Another gonadal product, inhibin, needs to be consid-
ered as an explanation for the slowed LHRH pulse
frequency. However, LH pulse frequency has been found
to be unaffected by peripheral infusions of inhibin-con-
taining material, which caused selective decreases in
FSH in monkeys (32) and rats (33). Such evidence sug-
gests that inhibin has no effect on LH pulse frequency
and that inhibin deficiency cannot explain the decreased
LHRH pulse frequency of our subjects.

Although this study demonstrates an association be-
tween decreased LHRH pulse frequency and selectively
elevated FSH levels, it was not designed to establish a
cause and effect relationship between these two param-
eters. There is evidence that T, E., and inhibin all can
affect the pituitary gland to selectively inhibit FSH se-

cretion (34-38). Because we did find a trend toward lower
steroid levels and we did not measure inhibin levels, we
cannot rule out the possibility that deficiencies of these
substances contributed to the selective elevations of FSH
seen in our subjects.

In summary, we demonstrated that men with selective
elevations of serum FSH levels have a decreased fre-
quency of LH pulsation, which strongly suggests de-
creased LHRH pulse frequency. This finding is consist-
ent with the hypothesis that the frequency of hypotha-
lamic LHRH pulsation differentially modulates pituitary
LH and FSH secretion. It will be possible to test this
hypothesis by administering LHRH in a pulsatile fashion
and determining gonadotropin levels at increased LHRH
pulse frequencies. It is possible that the slowed LHRH
pulse frequency of these subjects is a primary hypotha-
lamic disorder and may cause their spermatogenic defect.
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