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deau (7) for the maintenance of cardiovascular tone in adult 
animals. Furthermore, the inter-relationship of adrenergic neu- 
ronal and humoral elements also occurs within the adrenal gland 
itself because sympathetic innervation of the adrenal medulla 
appears to be essential for the proper discharge of E into the 
circulation during hypoxia. Before the development of the sym- 
pathetic nerve supply to the adrenal gland during the final quarter 
of gestation, the hypertensive response of the fetus to hypoxia 
appears to be regulated adequately by the interaction of the 
sympathetic nervous system and adrenal medullary NE release 
(14, 15). 
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Summary 

The effects of opiate antagonism [naloxone infusion, 1 mg/(m2. 
h)] on gonadotropin secretion were examined in four children 
(one female and three males: two late prepubertal and two 
pubertal; chronologic age, range 11.8-15.9 yr; bone age, range 
8.5-13.5 yr) and in four women with hypothalamic amenorrhea 
(two at normal body weight and two at low body weight). Nal- 
oxone had no effect on daytime gonadotropin secretion in three 
children who were biologically the youngest in the group, two 

late prepubertal and one early pubertal [plasma luteinizing hor- 
mone (LH) f + SE: control day, 1.2 + 0.1; control night, 4.5 f 
0.4; and naloxone day, 1.3 f 0.1 mIU/ml]. In contrast, opiate 
blockade produced a slight but discernible increase in plasma 
LH in the child whose hypothalamic-pituitary-gonadal axis was 
the most mature, a boy at mid-puberty. Naloxone produced a 
striking increase in plasma LH in the amenorrheic women at 
normal body weight (LH, f f SE: control day, 3.4 f 03; control 
night, 7.0 + 1.0; and naloxone day, 7.4 f 0.7 mIU/ml) as well as 
in those at low body weight (LH, f f SE: control day, 3.5 2 0.3; 
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control night, 2.8 f 0.2; naloxone day, 4.9 f 0.4; and naloxone 
night, 6.7 f 0.5 mIU/ml). Antagonism of endogenous opiate 
activity increased LH pulse frequency in all four women. These 
findings suggest the following conclusions: I) the mechanisms 
responsible for the reduced LH secretion in some women with 
hypothalamic amenorrhea differ from those in late prepubertal 
and early pubertal children, and 2) endogenous opiates affect LH 
pulse frequency by acting at the hypothalamic level to change 
gonadotropin-releasing hormone pulse frequency. 

Abbreviations 

BA, bone age 
CA, chronologic age 
CNS, central nervous system 
DHEAS, dehydroepiandrosterone sulfate 
E2, estradiol 
FSH, follicle-stimulating hormone 
GnRH, gonadotropin-releasing hormone 
IBW, ideal body weight 
IRP, International Reference Preparation 
LH, luteinizing hormone 
PRL, prolactin 
T, testosterone 

Endogenous opioid peptides may be important modulators of 
gonadotropin secretion in humans. In normal men, administra- 
tion of a long acting enkephalin analog decreases serum gonad- 
otropin concentrations (27) whereas competitive antagonism of 
endogenous opiates by naloxone results in increased serum LH 
and FSH (20). Similarly, naloxone increases serum LH in normal 
women during the late follicular and midluteal phases of the 
menstrual cycle (22). Although the exact mechanisms by which 
endogenous opiates influence gonadotropin secretion have not 
been determined conclusively, the site of action appears to be at 
the hypothalamic level. Opioid peptides have been shown to 
affect release of GnRH: met-enkephalin decreases K+-induced 
GnRH release (8) and naloxone increases GnRH release (29) 
from medial basal hypothalamic nerve terminals in rats. 

Maturation of the hypothalamic-pituitary-gonadal system in 
humans is characterized by several phases. After a period of 
increased activity during fetal life and early infancy, this system 
is suppressed during mid-childhood, and then is reactivated at 
the time of puberty. The low gonadotropin secretion found 
during mid-childhood is postulated to be due to suppression of 
GnRH secretion by two mechanisms: 1)  increased sensitivity of 
the hypothalamus, and possibly the pituitary gland, to the nega- 
tive feedback effects of gonadal steroids, and 2) inhibition by a 
CNS regulatory mechanism that is independent of gonadal ste- 
roid feedback influences (23). This sex steroid-independent "in- 
trinsic" CNS inhibitory mechanism is suggested by the striking 
fall in gonadotropin secretion in agonadal children 4-1 1 yr of 
age (7). Recently, we showed that, despite the suppressed hypo- 
thalamic-pituitary activity during mid-childhood, LH pulses are 
detectable during the day and night and that mean plasma LH 
concentrations are greater at night than during the day (1 5). The 
onset of puberty is accompanied by augmentation of the day/ 
night difference in gonadotropin secretion. 

The purpose of this study was to investigate a possible role of 
endogenous opiates in suppression of gonadotropin secretion 
during childhood. In particular, we studied the importance of 
opioid peptides in determining the daylnight difference in LH 
and FSH secretion. To answer this question, the effects of opiate 
antagonism by naloxone on daytime gonadotropin secretion 
were determined in two late prepubertal and two pubertal chil- 
dren who had plasma gonadotropin concentrations which were 
low during the day and increased at night during sleep. 

For comparison, similar studies of the effects of naloxone on 
gonadotropin secretion were performed in four women with 

hypothalamic amenorrhea who had immature patterns of LH 
and FSH secretion. Two of the women had low LH secretion 
during the daytime only, resulting in a day/night difference in 
plasma LH similar to the children studied. In the other two 
women who were at low body weight, LH was suppressed during 
the night as well as during the day. 

MATERIALS AND METHODS 

Children. After evaluation for "short stature" and/or "delayed 
adolescence," all children in this group were found to be endo- 
crinologically normal (Table 1). Based on clinical criteria (16), 
two children were prepubertal (subjects 1 and 2) and two had 
entered into puberty (Pz and Pj in subjects 3 and 4, respectively). 

Women with hypothalamic amenorrhea. The four women in 
this group were divided into subgroups based on body weight 
(Table 1) and gonadotropin secretory patterns. Subjects 5 and 6 
were at normal body weight. Subject 5 had experienced irregular 
menstrual periods for 8 yr before beginning oral contraceptives 
at 23 years of age. Subject 6 had menstruated regularly for 5 yr 
before beginning oral contraceptives at age 19 yr. After stopping 
the medication, spontaneous menses did not occur during the 
subsequent 18 and 9 mo in subjects 5 and 6, respectively. Neither 
woman had evidence of galactorrhea or hirsutism. Serum thy- 
roxine and PRL concentrations as well as radiologic studies of 
the sella turcica were normal. 

Subjects 7 and 8 were at low body weight. Subject 7 had 
menarche at age 14 yr, but her menstrual periods were markedly 
irregular until age 18 at which time her weight fell from 100 to 
85% of IBW. Afterwards, she had amenorrhea for 7 yr. After 
endocrinologic evaluation revealed no other abnormalities, self- 
induced weight loss as well as ongoing psychologic stress were 
felt to be the cause of the secondary amenorrhea. Subject 8 had 
menarche at 13 yr of age and had irregular, spontaneous menses 
until age 19 when she began oral contraceptives. At age 28 yr, 
she stopped the medication and began a weight reduction pro- 
gram which resulted in a decrease from 100 to 74% IBW. No 
spontaneous menses occurred over the subsequent 3 yr during 
which time her weight remained below 80% IBW. Endocrinol- 
ogic evaluation led to the diagnosis of anorexia nervosa. 

Study design. Before study, written informed consent was 
obtained from the parent and/or subject, as appropriate. The 
study protocol was approved by the Human Investigation Com- 
mittee of the University of Michigan. 

Study subjects were admitted to the Clinical Research Center 
on the day (d 0) before initiation of blood sampling to allow 
acclimatization to the unit. An intravenous cannula was placed 
in a forearm vein for administration of normal saline or naloxone 
by a Harvard continous infusion pump. Frequent blood samples 
were obtained via a 2 1 gauge scalp vein needle (Abbott Butterfly, 
Abbott Hospitals, Inc., N. Chicago, IL), which was placed in the 
opposite forearm. This cannula was irrigated intermittently with 
a dilute solution of heparinized saline. 

On d 1, a control infusion of normal saline (20 ml/h IV) was 
administered from 1000-1800 h in subjects 1 through 4 and 
from 1000-2000 h in subjects 5 and 6. Subjects 7 and 8 received 
saline infusions over 24 h on d 1 and 3. On d 2, naloxone 
hydrochloride (Narcan, Endo Laboratories, Inc., Wilmington, 
DE) was infused at a rate of 1.0 mg/(m2. h) per 20 ml normal 
saline during the following time periods: 1200- 1600 h in subjects 
1-4, 1200- 1800 h in subjects 5 and 6, and 1200-0900 h (d 3) in 
subjects 7 and 8. Subjects 1 through 6 received saline during the 
2 h before and after naloxone. In subjects 7 and 8, 24-h control 
saline infusions were administered immediately before and after 
naloxone. Subjects were not permitted to drink caffeinated bev- 
erages and were not allowed to sleep during the day. At night, 
sleep patterns were monitored visually and recorded frequently 
by the nursing staff. 

LH and FSH secretory patterns were determined from blood 
samples obtained every 20 min. Lengths of blood sampling 
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Table 1. Study subjects: clinical characteristics and hormone concentrations* 
A max LH/A max 

Subject CAIBA Height (cm)/ Fsff t Testosterone$ Estradiolt DHEAS 
No./sex ( ~ r )  weight (kg) (mIU/ml) (ng/ml) (~g/ml)  (pldl) 

L& Prepubertal and 1/F 1 1.818.5 132123 16.4112.4 ... 22 + 5 19 
pubertal children (11 -34) 

2/M 14.911 1.0 138130 18.211.3 0.5 + 0.1 ... 8 
(0.3-0.6) 

3lM 15.9113.0 151139 12.712.1 0.6 + 0.1 ... 166 
(0.4-0.7) 

41M 15.1113.5 155152 42.513.0 3.9 + 0.7 . . . 114 
(1.5-6.1) 

Women with hypo- 5/F 3 l/adult 
thalamic amenorrhea 

61F 2 Ifadult 

71F 26ladult 

81F 3 1 /adult 

Range of normal val- 
ues§ 

Prepubertal 6- 13916-44 . . . 10- 30 5-30 
children 3-2012-25 0.1-0.5 . . . 5-30 
(BA, 2-10 yr) j 

Early pubertal d 4-841 1-30 . . .  30-200 0.2-6.0 
(BA, 10-1 3 
Y r) 

Adult 9, early- 33- 16012- 17 . . . 22 -66 50-300 
follicular 
phase 

*Abbreviations: CA, chronologic age; BA, bone age; LH, luteinizing hormone; FSH, follicle stimulating hormone; and DHEAS, dehydroepian- 
dro~terone sulfate. 

t Maximum incremental responses to synthetic GnRH (2.5 pglkg). 
$ 3  2 SE for values obtained on study d 1 and 2 before naloxone infusion, ( ) = range. 
§ References 17 and 25. 

periods were determined by body weight and total blood with- 
drawal did not exceed 10% of estimated blood volume. In 
subjects 1 through 6, plasma T or E2 was measured at 0800 h, 
1600 h, and 2400 h on d 1 and at 0800 h, 1200 h, 1600 h, and 
2000 h on d 2. Plasma E2 was measured every 12 h on d 1 
through 3 in subjects 7 and 8. Cortisol and PRL were determined 
in hourly blood samples drawn during saline and naloxone 
infusions; in addition, PRL was measured hourly during sleep. 
Due to blood volume considerations, PRL was not measured in 
Subject 1. Plasma DHEAS was measured at 0800 h. Gonadotro- 
pin responses to a standardized dose of synthetic GnRH (2.5 pg/ 
kg IV bolus) were determined on d 3 in subjects 1 through 4 and 
within the 5 mo preceding this study in subjects 5 and 6 (25). 

Assays and analyses. Plasma LH and FSH concentrations 
were determined by radioimmunoassay (1 8, 19). The first IRP 
pituitary FSH/LH (Medical Research Council 691104) was used 
as the assay standard; gonadotropin values were converted to 
mIU of 2nd IRP of human menopausal gonadotropin and are 
expressed in terms of this urinary standard. Plasma T, E2, corti- 
sol, PRL, and DHEAS were measured by radioimmunoassay ( 1, 
5,9, 14, 26). 

Mean gonadotropin concentrations were determined by cal- 
culating the arithmetic means of LH and FSH values obtained 
at 20-min intervals. A significant LH pulse was defined as an 
increment from nadir to peak occurring within 40 min, which 
was at least twice the corresponding intra-assay coefficient of 
variation. For plasma LH concentrations of 2.5, 7.5, and 15 
mIU/ml, the intra-assay coefficients of variation averaged 20, 
9.5, and 6.6%, respectively. 

Student's paired t test was performed to determine significance 
of differences in mean gonadotropin concentrations between the 

control and naloxone studies in the children. Skeletal age was 
assessed according to the standards of Gruelich and Pyle (1 1). 

RESULTS 

In the children (subjects 1-4), LH and FSH responses to GnRH 
and plasma concentrations of T, E2, and DHEAS were appro- 
priate for their corresponding degrees of skeletal maturity (Table 
1) (25). In response to the preceding nocturnal increase in LH 
secretion, T values in the three boys were highest at 0800 h [T, 
x (range): 0800 h, 2.1 (0.6-6.1) and 2000-2400 h, 1.6 (0.1-3.9) 
nglml]. Similarly, E2 in subject 1, a late prepubertal girl, was 
greatest during the day [E2, 2 (range): 0800-1600 h, 22 (15-34) 
and 2000-2400 h, 10.5 (1 0- 1 1) pglml). 

Gonadotropin responses to a standard dose of synthetic GnRH 
in subjects 5 and 6 were comparable to those found in normal 
adult females during the follicular phase of the menstrual cycle 
(Table 1) (17). In all women, basal E2 concentrations were 
compatible with early follicular range values and did not show 
diurnal variation. 

Mean plasma LH increased significantly (P < 0.05) during 
sleep in the children (Table 2). Patterns of augmented nocturnal 
LH pulses in individual subjects are shown in Figure 1. Plasma 
FSH was also increased during sleep in the late prepubertal girl 
(subject 1). When the studies were analyzed together, naloxone 
had no effect on mean gonadotropin concentrations or on LH 
pulse frequency and amplitude in the three children who were 
biologically the youngest in the group, subjects 1-3 (Table 2). In 
contrast, opiate blockade produced a slight but discernible in- 
crease in plasma LH in subject 4 (Table 2), a boy whose hypo- 
thalamic-pituitary-gonadal axis was more mature as indicated 
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Table 2. Effects of naloxone on luteinizing hormone (LH) secretion in children and in women with hypothalamic amenorrhea 

Day I (control) Day 2 (naloxone) 
Subject Day 3 (control) 

No. Day Night Day Night Day Night 

1-3* 
Mean plasma LHs 1.2 + 0.1 4.5 + 0.4 1.3 + 0.1 . . .  . . .  . . .  
No. LH pulses11 1 8 2 ... ... ... 
LH pulse amplitudes 1.3 2.2 + 0.4 1.5 rt 0.2 ... ... . . .  

4* 
Mean plasma LHs 5.0 + 0.2 10.8 + 0.8 6.3 + 0.4 . . .  . . .  ... 
No. LH pulses11 3 2 3 ... ... ... 
LH pulse amplitudes 1.8 + 0.5 7.4 + 1.3 2.7 + 0.6 ... ... . . .  

5-6t 
Mean plasma LHs 3.4 + 0.3 7.0 + 1.0 7.4 + 0.7 . . .  . . .  ... 
No. LH pulses11 1 3 5 ... . . .  ... 
LH pulse amplitudes 9.8 16.7 + 2.1 9.9 + 1.3 ... ... ... 

7-8$ 
Mean plasma LHs 3.5 + 0.3 2.8 + 0.2 4.9 + 0.4 6.7 + 0.5 3.5 k 0.1 3.0 + 0.1 
No. LH pulsesll 7 2 8 6 7 4 
LH pulse amplitude4 2.3 + 0.9 3.2 + 0.7 3.9 + 1.4 5.3 + 2.7 1.5 +. 0.1 2.2 + 0.6 

* 4-h study periods, 1200-1600 h and 2400-0400 h. 
t 6-h study periods, 1200-1800 h and 2400-0600 h. 
$9-h study periods, 1200-2 100 h and 2400-0900 h. 
9 3 + SE (mIU/ml). 
11 Total number of detectable LH pulses. 

- 1  I Subject 3 

I 1600 2400 I 
0800 0800 

16'00 22100 

DAY 1 DAY 2 
Fig. 1. Effect of opiate antagonism on daytime gonadotropin secretion in two late prepubertal (subjects 1 and 2) and two pubertal children 

(subjects 3 and 4). Saline was infused (20 ml/h) on d 1 and 2 (shaded bars) and naloxone [I mg/(m2. h)] on d 2 (open bur). Diamond symbols 
denote significant luteinizing hormone (LH) pulses. 
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I 1600 2400 I 1600 2200 

O8O0 DAY 1 O8Oo DAY 2 
Fig. 2. Effect of opiate antagonism on daytime gonadotropin secretion in two women with hypothalamic amenorrhea at normal body weight. 

Saline was infused (20 ml/h) on d 1 and 2 (shaded bars) and naloxone [ l  mg/(m2 h)] on d 2 (open bar). Significant luteinizing hormone (LH) 
pulses are designated by diamond symbols. 

by his adult-type LH response to synthetic GnRH and his mid- 
pubertal plasma T concentrations (Table 1). In subject 2, two 
significant LH pulses occurred during naloxone infusion whereas 
no pulses were detectable during the control day (1 200- 1600 h); 
however, mean gonadotropin concentrations during these two 
study periods did not differ significantly. 

Naloxone produced a striking increase in plasma LH concen- 
trations in the amenorrheic women (Figs. 2 and 3). In subjects 5 
and 6, mean LH during naloxone equaled or exceeded that 
present during the preceding night (Table 2). LH increased 
steadily during naloxone infusion in subjects 7 and 8. In both 
cases, the rise in LH was followed by an augmentation in plasma 
E2, and mean plasma LH was increased at night only during 
opiate receptor blockade (Fig. 3). LH decreased on day 2 as 
subject 8 awoke, approximately 2 h before the naloxone infusion 
was discontinued. LH pulse frequency increased in all four 
women during naloxone; LH pulse amplitude was augmented as 
well, particularly in subject 7 (Table 2, Figs. 2 and 3). Antagonism 
of endogenous opioid peptides resulted in a moderate increase 
in daytime FSH secretion in subjects 5 and 6 but had little effect 
on FSH in subjects 7 and 8. 

Plasma PRL increased during sleep in the children and in the 
amenorrheic women at normal body weight (PRL, 3 + SE, day/ 
night: subjects 2-4, 8.4 + 0.5122.3 + 2.2 and subjects 5 and 6, 
7.0 + 0.5114.8 & 1.3 ng/ml). In contrast, PRL did not rise at 
night in the two women at low body weight, though observations 
confirmed they were asleep (PRL day/night: subjects 7 and 8, 
8.6 + 1.119.5 + 0.8 nglml). In all cases, opiate blockade by 
naloxone did not alter plasma PRL concentrations. Plasma 
cortisol was normal during control periods and did not change 
during naloxone infusion. 

DISCUSSION 

We reasoned that low pituitary sensitivity to GnRH present 
during mid-childhood (BA, 3-7 yr) might obscure any effect of 

naloxone on endogenous GnRH secretion; thus, we studied late 
prepubertal and pubertal children who showed evidence of in- 
creasing pituitary responsiveness such as pubertal-type gonado- 
tropin responses to exogenous GnRH and a clear augmentation 
of LH secretion during sleep. Some women with secondary 
amenorrhea of unknown etiology, so-called hypothalamic amen- 
orrhea, have gonadotropin secretory patterns that resemble those 
of prepubertal and early pubertal girls: basal LH concentrations 
are often low and the FSH/LH ratio is increased (12 and 30). 
Both of these abnormalities were present in the four amenorrheic 
women studied. In addition, two of the women had increased 
nocturnal LH secretion during the control day. The mechanisms 
responsible for immature patterns of gonadotropin secretion in 
women with hypothalamic amenorrhea are unknown. We com- 
pared the effects of opiate receptor blockade on gonadotropin 
secretion in these women with those in children. 

Naloxone had no discernible effect during the day on mean 
gonadotropin concentrations in the late prepubertal and early 
pubertal children (subjects 1-3). This agrees with results of a 
similar study in early to mid-pubertal boys reported recently 
(28). Animal studies have shown a sex-dependent difference in 
the effect of naloxone on LH secretion: opiate antagonism in- 
creased LH in prepubertal female rats but had little effect in 
prepubertal male rats (2, 13). In contrast, the present study 
showed no change in gonadotropin secretion during naloxone in 
the prepubertal girl as well as in the late pre- and early pubertal 
boys. 

The slight but discernible increase in LH during opiate receptor 
blockade in subject 4, a mid-pubertal boy, is of particular interest. 
Naloxone clearly augments LH secretion in adult males (20). 
Results of the current study suggest that this effect of opiate 
antagonism on gonadotropin secretion first becomes detectable 
during puberty in males, and a similar age-related change was 
described by Veldhuis et al. (28). Studies in male rats support a 
role of endogenous opiates in T-dependent feedback control of 
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Subject 7 

35 39 17 92 33 27 E2 [pg'ml] 

Subject 8 
8 

" J 
I I I ' I I  l I I I l I I , / I I I I I I  : , l , ( , , l l l l l  / , , ( l , , ( , I I  , 1 1 1 1 1 1 , 1 1 1 1 1 1 1 1 ( 1 1 / . 1 1  

Id00 
0800 2400 1600 2400 1600 2400 

DAY 1 
0800 

DAY 2 0800 DAY 3 0800 

Fig. 3. Effect of opiate antagonism on 21-h gonadotropin secretory patterns in two women with hypothalamic amenorrhea at low body 
Saline was infused (20 ml/h) over 24 h on d 1 and 3 (shaded bars). Naloxone was infused (1 mg/(m2. h)] on d 2 (open bar). Plasma E2 concentrations 
(pg/ml) determined at 12-h intervals in both subjects are shown. Diamond symbols represent significant luteinizing hormone (LH) pulses. Note 
reversal of the follicle-stimulating hormone (FSH)/LH ratio in both women during naloxone. 

LH (6). This suggests that rising serum T may be an important 
factor in augmenting the sensitivity of LH secretion to opiate 
receptor blockade during male puberty. 

LH secretion increased strikingly during naloxone infusion in 
the amenorrheic women. This effect has been reported in patients 
with hypothalamic amenorrhea (3, 21). These findings indicate 
a role of endogenous opioid peptides in suppression of LH 
secretion in some women with secondary amenorrhea of un- 
known etiology. In the present study, the rate of episodic LH 
secretion was slow during control days in the women, ranging 
from 1-3.3 pulses per 12 h. LH pulse amplitude was low during 
control studies in subjects 5, 7, and 8 which may have led to an 
underestimation of the frequency of LH pulses. In the four adult 
subjects, opiate receptor blockade increased LH pulse frequency 
and resulted in slight augmentation of LH pulse amplitude. The 
effect of naloxone on pulse frequency was evident primarily 
during the night in the women at low body weight, subjects 7 
and 8. In two women (subjects 6 and 8), frequency rose to an 
average of one pulse per 2 h, a rate normally found during the 
follicular phase of the menstrual cycle when serum LH is meas- 
ured every 15-20 min (24, 3 1). This effect of naloxone on LH 
pulses strongly suggests that endogenous opiates act at the hy- 
pothalamic level by changing GnRH pulse frequency. 

A daylnight difference in LH secretion was present on d 1 
(control) in two women (subjects 5 and 6), which is similar to 
the findings in children. In contrast to the results in children, 
however, antagonism of endogenous opiate activity increased 
daytime LH secretion in these women. This suggests that the 
mechanisms responsible for the reduced LH secretion in women 
with hypothalamic amenorrhea differ from those in late prepu- 
bertal and early pubertal children. Furthermore, the immature 
patterns of gonadotropin secretion found in some amenorrheic 
women cannot be attributed simply to a regression of the hypo- 
thalamic-pituitary-gonadal axis to a pre- or early pubertal state. 

The marked increase in LH secretion during opiate receptor 
blockade in the two women at low body weight (subjects 7 and 
8) contrasts with results of studies by Grossman et al. (10). These 
investigators found that naloxone had little effect on gonadotro- 
pin secretion in women with weight loss-related amenorrhea. 
This discrepancy may be due to the fact that our patients received 
naloxone for a longer period of time than did patients in the 
previously reported study (10). Subjects 7 and 8 had a nocturnal 
increase in LH secretion only during opiate antagonism (d 2). 
On control d 1 and 3, LH was uniformly low during the day and 
night. Boyar et al. (4) found a daylnight difference in gonadotro- 
pin concentrations in four of nine women with anorexia nervosa 
at low body weight; plasma LH was suppressed throughout the 
24-h study period in the remaining five women. The study of 
subject 8 is particularly informative regarding the role of endog- 
enous opiates in determining this daylnight difference. Plasma 
LH fell on d 2 as subject 8 awoke, approximately 2 h before 
naloxone was discontinued; thus, augmented nocturnal LH se- 
cretion was associated with sleep and was not determined solely 
by opiate receptor blockade. Antagonism of endogenous opioid 
peptides in these women apparently unmasked a daylnight dif- 
ference in gonadotropin secretion. 
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