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Monthly Gonadotropin Cycles in Premenarcheal Girls

Abstract. Patterns of nocturnal excretion of follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) were investigated in 11 girls. Autoregressive digital filtering of
low- and high-frequency variations was used to make patterns more apparent. Coincident
FSH and LH surges, separated by an interval of 20 to 40 days, were seen in specimens
from three of six postmenarcheal girls and three to five premenarcheal girls. This suggests
that cyclic hypothalamic—-pituitary-ovarian interactions occur before menarche.

After menarche, follicular maturation
which results in both ovulation and atresia
are associated with distinctive patterns of
change in gonadotropin secretion including
a gonadotropin surge during each cycle (/).
In premenarcheal girls surges in gona-
dotropin secretion have been reported (2,
3), but cyclic variations in pituitary gona-
dotropin secretion similar to those seen in
sexually mature girls have not been dem-
onstrated. Having found that gonadotro-
pin concentrations in first morning urine
voidings from normally cycling women
show patterns consistent with those seen in
24-hour urine specimens and daily blood
samples (4), we investigated gonadotropin
secretion patterns utilizing first morning
urine voidings in prepubertal, pubescent,
and postpubertal girls. These studies re-
vealed monthly gonadotropin cycles in pre-
menarcheal as well as in postmenarcheal
girls.

Eleven healthy girls (five premenarcheal
and six postmenarcheal), ages 8 years 11
months to 16 years 7 months, volunteered
to collect timed nocturnal and first morn-
ing urine specimens for 60 consecutive
days. No abnormalities were found in their
histories, physical examinations, routine
laboratory studies, or endocrine eval-
uations. None were taking medications or
oral contraceptives during the study peri-
od. On each of the 60 days, the girls just
before retiring would void and discard the
urine, noting the time precisely. The next
morning, the first urine voiding was added
to any urine which may have been collect-
ed during the night and the time again was
noted precisely. The samples were refrig-
erated and delivered to the laboratory,
where the gonadotropins were precipitated
with acetone after pH adjustment with ace-
tic acid (4). Precipitates, containing both
follicle-stimulating hormone (FSH) and
luteinizing hormone (LH), were dissolved
in buffer and measured by specific radio-
immunoassay (3, 6). To minimize the ef-
fects of interassay variation, all samples
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from a given subject were examined in the
same radioimmunoassay, with IRP2ZHMG
(7) as reference preparation.

The excretion rates in these peripubertal
girls represent pituitary gonadotropin se-
cretion during sleep. This may be the opti-
mum time to examine gonadotropin activi-
ty since serum levels in some pubescent
girls have been shown to be higher when
the girls were asleep than when they were
awake (8). Since each specimen was ob-
tained at the same time during the day, the
effect of diurnal variation on the data was
minimized.

The total gonadotropin excretion during

016

0.14
0.12-

1

g v wy L1 |
v i

th PV

0.14 - A
012}

i |=|||
et "

. .00+ [ N
Q'.é I I|' A ?" :I‘| A \
=17 o008l A 1 RSN YAV A4 '

RATACER TR S B B Nt \
0.06 N I ‘,,Il‘ v\ \; 1
[l
0.04 L [

02+

0.1}
-0.21-

04 }I

1

1

]

02} !
4

each night was divided by the collection in-
terval and expressed as international units
(1.U.) per hour to reduce variation result-
ing from different collection times. Never-
theless, significant variability remained
which may be attributed to (i) variance be-
tween assays that is amplified by the small
quantities of gonadotropin excreted by
premenarcheal girls, (ii) nonsystematic bi-
ological variation, in addition to (iii) un-
derlying physiological cycles.

To examine the data for monthly physi-
ological cycles and reduce other sources of
variability, a two-stage autoregressive fil-
ter in discrete time was used to remove
general trends of long duration (periods
greater than 45 days) and high-frequency
variations (periods less than 10 days). This
technique involved transforming the data,
X, X, . .., Xg, according to the following
scheme (9):

Yi=(1-a)Yi, + aXi,
i=2t060,Y, = X,

Zi =(l-a)Z; + aY;,,
= 60102, Zy= Yo (2)

a?
1+ (1-ap

Vi= Xi- Ui = 1to 60

e))

I_Zi

X,i=1t060 (3)

@

First, « was chosen to be 0.2, and the au-
toregression equations, Eqgs. 1 through 3,
applied twice (the X; in the second appli-
cation being the U; from the first). The re-
siduals V; were then calculated as the dif-
ference between Uj, the final trend, and X,
the initial data (10). This procedure results
in removing long-term trends with periods
of greater than 45 days. Next, the residu-
als, V;, were similarly treated once (¥; was
substituted for X;in Eq. 1) with « set at 0.4
sO as to remove variations with periods of
less than 10 days.

Fig. 1. Autoregression analysis of data and ran-
dom numbers. The top panel shows FSH data
from subject 1 as a broken line and the general
trend after double autoregression with a = 0.2
as the solid line; periods less than 45 days do not
contribute substantially to this trend. The sec-
ond panel shows the residual between this gener-
al trend and the data as a broken line; the solid
line represents autoregression of these residuals
using a = 0.4 and hence emphasizes the remain-
ing components of the data with periods of
greater than 10 days. The third panel shows a set
of 60 random numbers as the broken line and
the ultimate result of analyzing these numbers
with the same program used to analyze the data;
thus the solid line is comparable to the solid line
in panel 2 but shows no evidence of periodicity
with wave lengths between 20 and 40. The bro-
ken line in the bottom panel shows the same set
of random numbers but with the derived signal
(solid line) from panel 2 added to it after scaling
appropriately; the autoregression analysis re-
sults in the solid line in which the signal is seen
to reemerge at a decreased amplitude.
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Table 1. Median nocturnal gonadotropin excretion.

. Pubertal Age FSH LH
Subject stage (yr-mo) (I.U./hr) (I.U./hr) FSH/LH
1 1 8-11 0.08 0.02 44
2 I 9-9 0.30 0.03 10.8
3 - 12- 2 0.28 0.14 1.9
4 11 11- 0 0.18 0.06 34
5 1+ 11- 4 0.35 0.24 14
6 11 13- 8 0.29 0.92 0.34
7 v 13- 9 0.27 0.26 0.99
8 v 15- 2 0.34 1.28 0.26
9 \% 14-11 0.20 0.30 0.68
10 A 16- 5 0.40 0.55 0.60
11 \% 16- 7 0.55 1.28 041

Figure 1 shows the application of this
data reduction technique with the use of
the FSH data from subject 1, an 8-year 11-
month old prepubertal (Tanner stage I)
girl (11). The broken line in the top panel
shows the initial data and the super-
imposed solid line trend which was found
by the two-stage autoregression procedure,
applied twice, with a = 0.2. The difference
between these two curves, the residuals af-
ter removal of the trend, are plotted as the
broken line in the second panel. The final
filtered output, the “signal,” which results
after removal of the high-frequency com-
ponents by using the two-stage autoregres-
sion once (a = 0.4) is shown as the solid
line in the second panel. This technique
permits one to examine the monthly cyclic
patterns without being distracted by the
very high- and low-frequency components
in the initial data.

This method of data analysis also was
applied to nine independent sets of 60 ran-
dom normal deviates (white noise) (12). A
typical one of these random noise series is
shown as the broken line in the third panel
of Fig. 1. The final filtered signal which re-
sults from the use of the autoregression
technique described above for the experi-
mental data is shown as the solid line in the
third panel. This example illustrates that
the filtering technique itself does not tend
to introduce periodicity. On this same set
of random numbers we superimposed the
smoothed FSH curve (see second panel of
Fig. 1) from the first subject, and plotted
the combined data in the broken line in the
bottom panel of Fig. 1. This set of data
containing the known added signal plus
random noise was then analyzed and the
results are shown as the solid line in the
bottom panel of Fig. 1. As can be seen, the
signal of the first subject reemerged, but at
a reduced amplitude (/3).

Figure 2 summarizes our data after au-
toregressive filtering. Twenty- to 40-day
cycles in FSH excretion can be seen in
three premenarcheal subjects (numbers 1,
2, and 4) and may be present in the other
two. That periodicity in gonadotropin ex-
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cretion exists in premenarcheal girls is fur-
ther suggested by the occurrence of LH
elevations associated with the FSH eleva-
tions in at least three of these five subjects.
Hayes and Johanson (3) have also shown
simultaneous surges of urinary FSH and
LH excretion in a premenarcheal girl al-
though monthly periodicity was not ob-
served in their raw data. Winter and Fai-
man (/4) have presented serum gonadotro-
pin data from four premenarcheal girls;
the data for two of the girls is consistent
with a biphasic FSH pattern during the 1-
month observation period. In addition, the
process of follicular maturation and atre-
sia that occurs from fetal life until the
menopause suggests that the process may
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Fig. 2. Gonadotropin data in peripubertal girls
after autoregression analysis. The broken lines
are LH and the solid lines FSH excretion rate
patterns determined over a 60-day period in
each of eleven peripubertal girls numbered in or-
der of increasing pubertal stage and age within a
given stage. The five panels on the left are from
premenarcheal girls and the six panels on the
right from postmenarcheal girls showing evi-
dence of monthly gonadotropin cycles (surges
indicated by arrows) both before and after men-
arche.

reflect periodic waxing and waning of hor-
mone stimulation even in premenarcheal
girls.

Monthly LH surges typical of sexually
mature females are seen in three of the six
postmenarcheal girls (subjects 7, 10, and
11). The cyclic pattern is more evident in
the mature girls because of the amplifica-
tion of the LH peaks achieved by the eight-
fold increase in this hormone. These girls
also show FSH elevations corresponding
to the LH surges similar to those of the
premenarcheal girls. In one of the post-
menarcheal girls (subject 8) there is a sug-
gestion of cycling, but no evidence of
monthly periodicity was found in the other
two postmenarcheal girls. The absence of
hormone surges in up to half of these post-
menarcheal girls may be attributable to the
irregularities in the menstrual cycle seen
just after menarche (15). It is clear, how-
ever, that the technique used in this work
does demonstrate the normal adult type
pattern of gonadotropin excretion and se-
cretion and provides evidence of similar
patterns in premenarcheal girls. In this
small series, such patterns are demon-
strable as frequently in premenarcheal as
in postmenarcheal girls.

Since FSH production, excretion, and
serum levels are greater than those for LH
in premenarcheal girls, it is not surprising
that their FSH patterns are stronger than
those of LH. In our study, the median of
60 daily gonadotropin excretion rates was
used as a single measure of gonadotropin
activity for each subject, and the median of
60 daily FSH: LH ratios was used as a
measure of relative activity. The mean of
the median FSH activities for the five pre-
menarcheal girls was 0.24 1.U. per hour
while the corresponding mean LH activity
was 0.10 L.U. per hour with a relative ac-
tivity of 4.4. This dominance of FSH in
prepubertal children is well known (5) and
is consistent with the occurrence of in-
complete follicular maturation, limited es-
trogen production, and atresia similar to
that seen during anovulatory cycles in sex-
ually mature women (/6).

In postmenarcheal girls the secretion,
excretion, and blood levels of FSH are less
than those of LH which is not the case in
premenarcheal girls. The mean of the me-
dian FSH activities for the six post-
menarcheal girls was 0.34 1.U. per hour
and the corresponding mean LH activity
was 0.77 1.U. per hour with a mean urinary
FSH : LH relative activity of 0.55. The in-
version of the FSH : LH ratio occurred at
menarche and was due principally to the
eightfold rise in LH at that time with but a
small increase in FSH. The abruptness of
the inversion of this ratio is emphasized by
the fact that in all of the premenarcheal
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girls the ratio was greater than unity while
in all of the postmenarcheal girls it was less
than unity, even though all stages of pu-
berty were represented (Table 1).

Previous studies have not disclosed the
presence of monthly gonadotropin cycles
in premenarcheal girls. However, we found
that by using the described autoregressive
smoothing techniques on data collected for
60 consecutive days we were able to sup-
press extraneous variation and allow
monthly gonadotropin surges to become
more apparent. The validity of the tech-
nique is supported by the observation of
normal cycles in postmenarcheal girls. By
studying five premenarcheal girls, in whom
the FSH : LH ratio was appropriate to the
pubertal stage, we have observed monthly
gonadotropin cycles in at least three of
them. This suggests that gonadotropin cy-
cles may have a role even prior to men-
arche.

JAMES W. HANSEN
HowARrp J. HOFFMAN
Grirr T. Ross
Reproduction Research Branch and
Biometry Branch, National Institute of
Child Health and Human Development,
Bethesda, Maryland 20014
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Somatostatin Suppresses Secretin and Pancreatic Exocrine

Secretion

Abstract. Somatostatin, a hypothalamic peptide, suppresses hydrochloric acid-stimu-
lated release of secretin, pancreatic flow rate, and bicarbonate and protein secretion in
Sasted, conscious dogs. It also reduces nonstimulated pancreatic exocrine secretion but
does not affect basal secretin concentrations. Suppression of HCl-stimulated secretin re-
lease is complete, whereas pancreatic flow rate and bicarbonate and protein secretions are
only partially inhibited. The action of somatostatin is rapid in onset and quickly revers-

ible.

Somatostatin (somatotropin-release in-
hibiting factor, SRIF), a tetradecapeptide
isolated from ovine hypothalamic extracts,
inhibits the release of growth hormone
from the pituitary gland (/). SRIF was
also found to suppress thyrotropin (TSH)
release stimulated by thyrotropin-releasing
factor (TRF) (2), both basal and arginine-
stimulated insulin and glucagon release
from the pancreas (3), and basal as well as
food-stimulated gastrin release from the
stomach (4).

We have investigated the effect of SRIF
on the release of immunoreactive secretin
(IRS) from the proximal small intestine
and have found that SRIF suppresses both
the HCl-mediated IRS release and the
pancreatic secretion of water, bicarbonate,
and protein. All experiments were per-
formed on conscious dogs that had been
fasted overnight and that had long-term
pancreatic fistulas. The fistulas had been
prepared 3 weeks earlier according to the
technique of Herrera (5) with two modifi-
cations: (i) the minor pancreatic duct was
ligated and (ii) the continuity of stomach,
duodenum, and jejunum was reestablished
after the preparation of the duodenal
pouch.

Figure 1 shows data obtained from six
experiments in four dogs. Synthetic SRIF
(200 pug, the cyclic form) infused contin-
uously for 30 minutes into a hind leg vein
had no significant effect on IRS concentra-
tions (6). However, somatostatin sup-
pressed further the low basal pancreatic
flow and bicarbonate (7) and protein (8) se-
cretion to barely detectable amounts
(P < .05). This observation raised the pos-
sibility that SRIF may inhibit basal pan-
creatic secretion through secretin-indepen-
dent mechanisms. In contrast, HCl-medi-
ated IRS release was completely sup-
pressed by SRIF. When SRIF (200 ng/30

minutes) was infused concurrently with
HCl (9.6 meq/30 minutes, intraduo-
denally), there was no statistically sig-
nificant rise in IRS concentrations. By
comparison, when HCI was infused with-
out SRIF, IRS rose from 610 + 61 punit/
ml to 1110 + 187 punit/ml (P < .001)
9). '

HCl-stimulated pancreatic flow rate and
bicarbonate and protein secretion were all
partially suppressed by somatostatin.
When SRIF was infused concurrently with
HCI, the incremental increases were
7.3 £2.6 ml/15 minutes for flow rate,
0.60 = 0.26 meq/15 minutes for bicarbo-
nate secretion, and 83 + 22 mg/15 minutes
for protein secretion. However, consid-
erably greater increases were observed
when HCl was infused alone. Flow
rate increased by 21.8 + 1.2 ml/15 min-
utes, bicarbonate secretion increased by
2.06 = 0.31 meq/15 minutes, and protein
secretion increased by 232 +25 mg/15
minutes. Thus, SRIF had reduced the
HCl-stimulated increase in pancreatic flow
rate by 67 percent, bicarbonate secretion
by 72 percent, and protein secretion by 64
percent. These reductions were statistically
significant (P < .001 for flow rate and bi-
carbonate secretion and P < .05 for pro-
tein secretion). Therefore, it appeared that
SRIF affected HCl-stimulated IRS release
more than pancreatic exocrine function.
This was particularly evident in three dogs
whose IRS responses were completely
abolished but, nevertheless, showed dis-
tinct increases in pancreatic secretions dur-
ing HCI plus SRIF infusions. The observa-
tion that the pancreatic secretions were
only partially suppressed was not surpris-
ing. The stimulation of pancreatic exocrine
function by HCI is a complex phenome-
non. It involves the release of secretin,
cholecystokinin-pancreozymin, and prob-
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