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A B S T R A C T Prolactin secretion in normal adults is
characterized by periods of episodic secretion which in-
crease in magnitude during sleep. In this study, we
report the 24-h mean prolactin concentrations, prolactin
secretory patterns, and associated pituitary hormone
function in nine patients (seven women and two men)
with hyperprolactinemia of diverse etiologies. Four of
the women and one of the men had clinically demon-
strable pituitary tumors, one boy had a hypothalamic
tumor, and the three other women had "functional" hy-
perprolactinemia. The 24-h mean prolactin concentra-
tions derived from averaging the 20-min interval samples
for 24 h ranged from 28.6 to 1,220 ng/ml. The plasma
prolactin patterns in these patients showed persistence
of episodic secretion in all and loss of the normal sleep-
wake difference in plasma prolactin in seven of nine.
Three of the patients with galactorrhea and comparable
24-h mean prolactin concentrations (58.3, 59.7, and
64.3 ng/ml) showed similar prolactin secretory pat-
terns despite different etiologic mechanisms. Evalua-
tion of the secretory patterns of luteinizing hormone
(LH) in these patients showed loss of normal pulsatile
LH release and a low 24-h mean LH concentration in
the patient with the pituitary tumor, while the two pa-
tients without clinically demonstrable pituitary tumors
("post-pill" galactorrhea and "idiopathic" galactorrhea)
showed normal LH secretory patterns and 24-h mean
LH concentrations. The 24-h mean cortisol concentra-
tions and secretory patterns were normal in five of the
seven patients who had these parameters measured. The
patient with the hypothalamic tumor had a low 24-h
mean cortisol concentration and production rate and ab-
sent response to metyrapone. The patient with "idiopathic"
galactorrhea had an elevated 24-h mean cortisol concen-
tration but normal cortisol production rate and urinary
17-hydroxycorticoid excretion. Growth hormone secre-
tion was abnormal in four of the patients (one with the
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hypothalamic tumor and three with pituitary tumors).
Thyrotropin-releasing hormone (TRH) administration
in four patients resulted in normal TSH release in two
patients (one of whom developed galactorrhea after the
test), an absent response in the patient with the hy-
pothalamic tumor, and a blunted response in one of the
women with a pituitary tumor. The two men had low
24-h mean plasma testosterone concentrations (69 and
30 ng/100 ml) and symptoms of impotence and loss of
libido. Five of the women (four with pituitary tumors and
one with Chiari-Frommel syndrome)- had either low 24-h
mean LH concentrations, abnormal LH secretory pat-
terns, or both. These data indicate that patients with
hyperprolactinemia encompassing a varied etiological
range frequently show loss of the normal sleep-associated
increase in prolactin secretion as well as abnormalities
in the regulation of the other hypothalamic pituitary-
regulated hormones. The finding that the abnormalities
in LH, growth hormone, thyrotropin, and cortisol
(adrenocorticotrophic) secretion were almost uniformly
confined to the patients with the clinically demonstrable
hypothalamic or pituitary tumors suggests that the size
of the lesion is the critical factor.

INTRODUCTION

Recent developments of sensitive and specific bioassays
(1-5) and radioimmunoassays (54) for measurement
of human prolactin (hPRL)1 in plasma have led to an
improved understanding of the pattern of secretion of
this hormone in the normal (1-8) and in disease states
(9-12). The demonstration that cortisol (22-24),
ACTH (25), luteinizing hormone (hLH) (26), and
growth hormone (hGH) (27, 28) are secreted episodic-

1 Abbreviations used in this paper: BSA, bovine serum
albumin; FSH, follicle-stimulating hormone; h, human;
LH, luteinizing hormone; PRL, prolactin TRH, thyro-
tropin-releasing hormone; TSH, thyroid-stimulating hor-
mone.
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ally throughout the day and night has greatly clarified
and extended our knowledge of the physiological regula-
tion of these hormones. Measurement of plasma hormone
concentrations during sleep has proven to be especially
important for hGH (29), LH (30), and follicle-stimula-
ting hormone (FSH) during puberty (31) and most re-
cently hPRL (32). In 1972, Nokin, Vekemans, L'Hermite,
and Robyn (33) showed the episodicity of hPRL concen-
trations with peak values at 1 a.m. and 5 a.m. when
sampling was carried out at 4-h intervals. Sassin, Frantz,
Weitzman, and Kapen (32) showed the important role
of sleep in the regulation of hPRL secretion in normal
young adults of both sexes. The finding of episodicity
and sleep-associated augmentation of hPRL secretion
has been further clarified by recent studies (34, 35).

The present study concerns the 24-h pattern of hPRL
secretion in some hyperprolactinemic patients. Plasma
hPRL concentrations were measured at 20-min intervals
for 24-h in nine patients with hyperprolactinemia from
a variety of causes: five with pituitary tumors, one with
a hypothalamic tumor, and three with "functional" 2

hyperprolactinemia (Table I). In order to evaluate the
frequency and nature of associated disturbances in the
hypothalamic-pituitary regulation of the secretion of
other hormones, measurements were also made of LH,
testosterone (in the two males), and cortisol levels
(every 20 min for 24-h), control and thyrotropin-releas-
ing hormone (TRH)-stimulated plasma thyroid-stimu-
lating hormone (TSH) levels, control and metyrapone-
stimulated urinary 17-hydroxycorticoid excretion, and con-
trol and stimulated (by insulin, arginine, and/or sleep)
plasma hGH levels. The results of these studies show
that: (a) seven of our nine patients with hyperprolactin-
emia had excessive diurnal hPRL secretion, disturbing the
normal difference between preponderant sleep-related
secretory episodes and those of wakefulness; (b) no
differences were observed between the patterns of hPRL
secretion in patients with hyperprolactinemia of "func-
tional" origin to distinguish them from patients with
pituitary or hypothalamic tumors; and (c) the normal
pattern of secretion of hGH, LH, and TSH was more

frequently affected in patients with clinically demon-
strable tumors than in those patients with "functional"
hyperprolactinemia.

METHODS

Subjects
Nine patients (seven women and two men) with hyper-

prolactinemia were studied (Table I). The seven women

2 "Functional" hyperprolactinemia refers to those pa-
tients with elevated hPRL levels who have no evidence
of a hypothalamic or pituitary tumor. It is readily ac-
cepted that some of these patients may have pituitary
microadenomata which at the time of study are not clini-
cally demonstrable.

all had galactorrhea. Six had amenorrhea while the seventh
had prolonged infertility. Four women and one man had
pituitary tumors while the 17-yr-old boy had a hypothala-
mic tumor with diabetes insipidus. One woman had galac-
torrhea associated with the administration of oral contra-
ceptives,' another developed galactorrhea during pregnancy,
two had persistent postpartum galactorrhea-amenorrhea
(Chiari-Frommel syndrome), and one patient with a pitui-
tary tumor developed persistent galactorrhea after TRH
administration.

24 h, 20-min sampling studies
All 9 patients had 20-min interval plasma sampling

studies for 24 h according to protocols previously reported
from this laboratory (23, 24). During the nocturnal sleep
period (11 p.m. to 7 a.m.), polygraphic monitoring was
carried out to identify precisely sleep onset, wakefulness,
and specific sleep stages, scored according to standard-
ized criteria (36).

Hormone assays
Plasma LH was assayed by radioimmunoassay as pre-

viously reported from this laboratory (26, 30, 31). GH
(37), TSH (38), cortisol (39), and testosterone (40)
were assayed by previously reported techniques. Cortisol
production rate was estimated by isotope dilution (41),
and urinary 17-hydroxycorticoids (42) and 17-ketosteroids
(43) were measured by standard methods. Plasma hPRL
was measured by a homologous radioimmunoassay utilizing
reagents supplied by the NIAMD. 2 ,ug of highly purified
human PRL (Lewis hPRL, 30 IU/mg) were iodinated
with 400 ,oCi of 'I (Union Carbide Corp., New York)
according to the method of Hunter and Greenwood (44).
Purification was achieved by passing the iodinated raw
mixture over Sephadex G-100 (Pharmacia Fine Chemicals,
Inc., Piscataway, N. J.). Three peaks were identified, and
only the middle peak, which contained immunoreactive
hPRL, was used for immunoassay. The anti-hPRL anti-
body (rabbit) was used at a dilution of 1: 200,000. The
hPRL was diluted with buffer to a concentration of 200
ng/ml, and standards were prepared by appropriate dilution
to concentrations of 0.25, 0.50, 1.0, 1.5, 2.5, 3.75, and 5.0
ng/ml. Parallel standard curves were obtained with the
hPRL standard and multiple dilutions of plasma from a
patient with galactorrhea. Known quantities of standard
hPRL were recovered quantitatively. Specificity studies of
the anti-hPRL antibody were previously reported (8).

The anti-hPRL antibody was diluted in 0.01 M Na phos-
phate buffer, pH 7.6, containing 0.14 M NaCl, 0.05 M
EDTA, and 3%o normal rabbit serum at a final dilution
of 1: 200,000 in each assay tube. The [I51]hPRL (10,000
cpm) was diluted in 0.01 M Na phosphate buffer, pH 7.6,
containing 0.14 M NaCl and 0.1% bovine serum albumin
(BSA). Plasma samples in normal subjects were assayed
at 100 ,l in duplicate and at 25 ,d in duplicate in the pa-
tients with moderately elevated plasma hPRL concentrations
(50-100 ng/ml). In the patients with marked elevations
of plasma hP-RL, plasma was diluted 1:10 with 1% BSA

8 "Post-pill" or "post contraceptive amenorrhea-galactor-
rhea" refers to those women in whom amenorrhea galac-
torrhea occurred in close temporal association to the with-
drawal of oral contraceptives. The authors recognize that
no pathogenetic relationship between the withdrawal from
oral contraceptives and the onset of galactorrhea has been
proved.
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TABLE I I
Mean (SD) 24-h Asleep and Awake hPRL Levels

hPRL
Case

no. Diagnosis 24-h hPRL Asleep Awake

ng/ml ng/ml

Normal (eight studies) 9.6 (4.3) 11.9 (5.3) 8.5 (4.1)
1 Pituitary tumor 657 (137) 668 (136) 652 (138)
2 "Post-pill" galactorrhea 58.3 (10.5) 55.3 (6.5) 59.4 (8.2)
3 "Idiopathic" galactorrhea 59.7 (9.1) 62.9 (11) 58.8 (8.3)
4 Pituitary tumor 64.3 (16.3) 63.7 (17) 64.6 (15.4)
5 Pituitary tumor 595 (102) 607 (84) 590 (109)
6 Chiari-Frommel

pituitary tumor 1,220 (219) 1,350 (178)* 1,210 (169)
7 Hypothalamic tumor 28.6 (5.8) 28.4 (4.1) 28.8 (6.8)
8 "Post-pill" galactorrhea

pituitary tumor 75.1 (15.1) 77.8 (14.1) 72.6 (16.1)
9 Chiari-Frommel 78.5 (17.6) 92.5 (12.1)* 71.9 (15.8)

* Mean prolactin asleep significantly (P < 0.001) higher than mean prolactin awake.

buffer, and 50-Al. aliquots of the diluted material were as-
sayed. This dilution permitted the most sensitive part of
the standard curve to be used for the assay and produced
results indistinguishable when compared with results ob-
tained by dilution using plasma from a hypophysectomized
patient. The total volume in each reaction tube was adjusted
to 500 ,l by the appropriate addition of 0.01 M Na phos-
phate buffer, pH 7.6, containing 0.14 M NaCl and 1% BSA.
After 72 h incubation at 4°C, 200 ,ul of goat-antirabbit
gammaglobulin appropriately diluted in buffer was added to
precipitate maximally the antigen-antibody complex in each
reaction tube. 24 h later, the tubes were centrifuged at 1,000
g for 30 min, the supernates were decanted, and the pre-
cipitates were counted in an automatic gamma counter.
Total counts were checked for consistency in tubes through-
out the assay. Results were calculated from dose interpola-
tion of the standards by using logit-log transformation. The
interassay precision for a plasma assayed in nine different
assays was 11.1±2.1 (SD) ng/ml. All samples from each
24-h study were assayed simultaneously to negate inter-
assay variability.

Special studies
L-Dopa test. L-Dopa (0.5 g) was given orally between

9 and 11 a.m., and plasma hPRL concentrations were mea-
sured at 30-min intervals for 2 h.

Thyrotropin reserve test. 500 ,g of TRH was admin-
istered as a single intravenous injection, and plasma samples
for TSH were measured at 20-min intervals for 2 h.

Insulin tolerance test. Crystalline insulin was injected
intravenously at a dose of 0.1 U/kg, and plasma samples
were obtained at 15-min intervals for 2 h for measure-
ment of GH.

Arginine tolerance test. Arginine HCI, 0.5 g/kg (max
30 g) was administered intravenously, and plasma samples
were obtained at 30-min intervals for 2 h for measure-
ment of GH.

Metyrapone test. After two base-line 24-h urine collec-
tions, 750 mg metyrapone was given orally every 4 h for
six doses, and urine 17-hydroxycorticoids and 17-keto-
steroids were measured on the base-line days, day of mety-

rapone administration, and day after metyrapone adminis-
tration.

Cortisol metabolism. [14C] cortisol was injected intra-
venously to determine production rate, half-life, and meta-
bolic clearance rate of cortisol by methods previously re-
ported from this laboratory (23, 41).

Mean hormone concentrations. By averaging all 72 re-
sults obtained during the course of a 20-min interval 24-h
study for hPRL, LH, cortisol, and testosterone in the males,
the 24-h mean hormone concentrations were obtained. The
mean cortisol concentration obtained by this method com-
pares favorably with that obtained with the constant with-
drawal pump (45). Mean plasma hPRL concentrations dur-
ing sleep and awake periods were calculated by averaging
the results which fell within these respective periods.
Comparison of the mean plasma hPRL concentrations cal-
culated from plasmas obtained from patients asleep and
awake were used to assess the presence of the normal
sleep-associated augmentation of hPRL secretion. Statistical
analyses were performed by using Student's t test, to estab-
lish the loss of the sleep-associated augmented hPRL
secretion.

RESULTS

Plasma prolactin concentrations (Table II). All nine
patients had significantly elevated 24-h mean plasma
hPRL concentrations, ranging from 28.6±5.8 (SD) ng/
ml to 1,220±219 (SD) ng/ml. Every patient continued
to show episodic secretion of hPRL throughout the
24-h period (Figs. 1-3). However, the normal increase
of hPRL concentrations during sleep was lost in seven of
the nine patients; levels were elevated and equal during
the sleeping and waking periods. The two women with
Chiari-Frommel syndrome,4 like normal subjects, had

'Case 6, who initially presented as a case of the Chiari-
Frommel syndrome and later developed a pituitary tumor,
showed a significant statistical difference between the mean
hPRL asleep compared with waking; however, the high

Hypothalamic-Pituitary Function in Hyperprolactinemia 15191
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FIGURE 1 20-min interval plasma hPRL (0) and LH (0) concentrations in case 4 (C. D.)
with amenorrhea-galactorrhea associated with a pituitary tumor. The effect of 0.5 g L-dopa
p.o. on plasma PRL is shown from 1100-1330 h A --- A. The sleep histogram displaying
sleep-stage sequence is shown above the period of nocturnal sleep.

significantly higher mean hPRL concentrations during
sleep than while awake. Comparison of the 24-h pattern
of hPRL secretion in the tumor patients with those of
patients with "functional" hyperprolactinemia showed no
specific characteristics that could be used to distinguish
one group from the other.

LH concentration (Table III). The 24-h mean LH
concentration was somewhat low in four of the patients
with pituitary tumors (3.5-5.6 mIU/ml; normal, 10.2±
3.8 in women and 7.2±3.2 in men). Both men (cases
1 and 7) had low LH concentrations in relation to their
prepubertal plasma testosterone concentrations. Clomi-
phene citrate, 50 mg twice daily, given orally for 6 wk
in case 1 and 7 days in case 7, resulted in a normal rise
in LH and testosterone in case 1 but no response in
case 7. The three women with "functional" hyper-
prolactinemia had normal mean LH concentrations
(7.5-10.3 mIU/ml). Cases 2 and 3 with "functional"
hyperprolactinemia (Figs. 2, 3) also showed normal
LH secretory patterns compared with normal women
(46); however, in case 9 with the Chiari-Frommel syn-

hPRL levels and large standard deviations suggest cau-
tious interpretation of this difference.

drome there was abnormal suppression of LH secretion
during sleep.

Thyroid function (Table IV). All nine patients were
clinically euthyroid and had normal plasma thyroxine
concentrations by radioassay. Three of the four who
were tested had normal 24-h 1"I uptakes; the fourth
(with the hypothalamic tumor) had a slightly low up-
take of 10% (47). Administration of TRH (500 Ag i.v.)
to four patients showed a normal TSH rise in two (one
with a pituitary tumor and one with "functional" hyper-
prolactinema), a blunted TSH response in one (with a
pituitary tumor), and no response in one (with the
hypothalamic tumor). In the patient with the pituitary
tumor who showed a normal response (case 5), the test
precipitated persistent galactorrhea which eventually
remitted after radiotherapy. This side effect of the TRH
test has been unusual in our experience, although others
(48) have reported resumption of lactation in women
who had stopped nursing for several days after TRH
administration.

GH reserve (Table IV). Four of the nine patients
(three with pituitary tumors and the one with a hypo-
thalamic tumor) showed subnormal hGH reserve, i.e.
failure of hGH to rise above 7 ng/ml either during
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stage III, IV sleep, in response to arginine infusion, in
response to insulin hypoglycemia, or all three.

ACTH-cortisol function (Table IV). The 24-h mean
cortisol concentration was measured in seven of the
nine patients. It was very low (1.6 ug/100 ml) in the
patient with the hypothalamic tumor but was essentially
normal in the other six patients, (perhaps slightly high,
9.5 ug/100 ml in one patient with "functional" hyper-
prolactinemia). Cortisol production rates were measured
in six of these seven patients and one other patient; they
were normal in every case except the hypothalamic
tumor patient in whom it was very low (2.4 mgg creati-
nine 24 h). This patient also had very low 17-hydroxy-

-corticoids which failed to rise sufficiently in response to
metyrapone (but did respond to ACTH). The other
eight patients had normal 17-hydroxycorticoids. The five
patients with pituitary tumors tested with metyrapone
had normal responses.

Interrelation of LHand hPRL secretory activity (Figs.
2 and 3). In the three women with "functional" hyper-
prolactinemia and normal 24-h mean LH concentra-
tions, a suggestive reciprocal relationship could be identi-
fied between the initiation of LH and hPRL secretory
episodes. Fig. 2 shows that the peaks of the three major
LH secretory episodes occurring during the night coin-

cided with nadirs of the corresponding hPRL concentra-
tions or cessation of secretory activity. For example,
when LH secretory activity is quiescent (Fig. 2, 0900-
1400 h) hPRL secretion occurs. In Fig. 3, this reciprocal
relationship between hPRL and LH is evident at 0300,
0500, and 0700 h; when hPRL secretion begins, LH se-
cretion begins to decrease or is at a low secretory rate.
One of the patients with the Chiari-Frommel syndrome
(case 9) had marked suppression of LH secretory activ-
ity during sleep when hPRL secretion was maximal.
This subject's hPRL and gonadotropin secretory pat-
terns before and after clomiphene administration are the
subject of a separate report.!

L-Dopa suppression test. The three women with
galactorrhea and moderate hyperprolactinemia (cases 2,
3, and 4) also had L-dopa suppression tests. All three
showed significant decrements in plasma' hPRL after
L-dopa. The two patients (cases 2 and 3) with "func-
tional" hyperprolactinemia showed hPRL decrements of
29.4 ng/ml (75.4 46) and 70 ng/ml (93 -> 23). The
patient with the pituitary tumor (case 4) had a fall in

'Kapen, S., R. Boyar, R. Freeman, A. G. Frantz, L. D.
Hellman, and E. D. Weitzman. 1974. Twenty-four hour
secretory patterns of gonadotropins and prolactin in a case
of Chiari-Frommel syndrome. Submitted for publication.
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FIGURE 2 20-min interval plasma hPRL (0) and LH (0) concentrations in case 2 (Z. A.)
with "post-pill" amenorrhea-galactorrhea. The sleep-stage sequence is shown above the period
of nocturnal sleep.
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FIGURE 3 20-min interval plasma hPRL (0) and LH (0) concentrations in case 3 (G. D.)
with "idiopathic" galactorrhea. The sleep histogram is depicted above the period of nocturnal
sleep.

plasma hPRL from 93 to 50 ng/ml, a decrement of 43
ng/ml. The individual values for hPRL during the
L-dopa test in case 4 with the pituitary tumor (per-

TABLE II I
24-h Mean (SD) LH and Testosterone Concentrations

Case no. LH Testosterone

mIUlml ng/100 ml
Normal

Male 7.2 (3.2) 466 (149)
Female 10.2 (3.8)

1 4.0* > 22.8 69* -680
2 10.3
3 7.5
4 4.3
5 6.3
6 3.5
7 8.31 -+ 7.2 30t - 38
8 5.6
9 8.0§

* LH and testosterone after 6 wk clomiphene citrate
administration.
t LH and testosterone after 7 days clomiphene citrate
administration.
§ Marked suppression of LH secretory activity during sleep.

formed at the termination of her 24-h study) are shown
in Fig. 1. Although episodic release persists after the
administration of L-dopa, the amplitude of the hPRL
secretory episodes appears to decrease when compared
to the corresponding clocktimes during the preceding
day. These three patients with galactorrhea of diverse
etiologies all showed significant suppression of the plasma
hPRL concentration after L-dopa administration.

DISCUSSION
The hyperprolactinemic patients studied comprised six
with tumors (five pituitary and one hypothalamic) and
three with "functional" disorders (one with the Chiari-
Frommel syndrome, one with "post-contraceptive"
amenorrhea-galactorrhea, and one with "idopathic"
galactorrhea). Five of the six patients with clinically
demonstrable tumors and two of the three patients with
"functional" hyperprolactinemia (the one with "post-
contraceptive" amenorrhea-galactorrhea and the one
with "idiopathic" galactorrhea) showed a loss of the
normal sleep augmentation of hPRL secretion; hPRL
levels were elevated but equal during the sleeping and
waking periods. The two hyperprolactinemic patients
with the Chiari-Frommel syndrome (one with a pituitary
tumor and one without a clinically demonstrable pituitary
tumor) showed comparable elevation of the 24-h mean

1594 Boyar et al.



TABLE IV
Laboratory Evaluation of Endocrine Function in Patients with Hyperprolactinemia

TSH Urinary Urinary 24-h Mean Cortisol
Thyroxine I'31 uptake basal -. TRH 17-hydroxycorticoids 17-keto- plasma production

Case no. as iodine for 24 h max post basal -. metyrapone steroids cortisol rate GH

Ag/100 ml % AU/ml mg/24 h mg/24 h pg/100 ml mg/g creal- Xg/ml
inine/24 h

Normal 2.9-6.5 15-40 basal < 2-10 3-12 -. > 2.5 X basal 8-22 3.5-6.0 10-20 >7
TSHA 19-7

I 5.5 12 5.6 6.7 -) 28.2 20 - 17 17.6 (I)

2 3.2 - 2.6 5.9- 12.9 4.7 13 8.4 (S)
3 4.8 - <2.0 -. 28 6.9 - 38.0 12.7 9.5 19 20.0 (S)

26.0 (1)

4 5.2 - <2.0 7.8 - 38.8 15.3 4.4 13 4.5 (S)

5 3.5 22 7.8 -.46 5.9 -.46.1 20.8 5.8 17 0 (S)

6 4.2 23 3.0 - 10 5.1 - 18.1 11.1 4.0 22 2.2 (A)
1.3 (I)
1.6 (S)

7 4.0 10 <2 - < 2 0 -0.9 4.0 1.6 2.4 0 (A)
0 (I)
0 (S)

8 5.3 15 10 5.0 - 17.6 12.9 - - 7.9 (A)
14.0 (I)

9 4.2 <2 4.5 10.5 4.4 - 13.5 (S)

A, arginine; I, insulin; S. sleep.

hPRL concentration but retained the normal sleep asso-
ciated augmentation of plasma concentrations. Episodic
secretion "but at a higher level" was present in all nine
patients.

This abnormality of hPRL secretion, viz. elevated 24-h
mean, peak, and minimal plasma concentrations and loss
of sleep augmentation, is very reminiscent of the abnor-
mality of the cortisol secretory pattern that is seen in
Cushing's disease6 (50). Krieger and Glick (51 ) suggested,
on the basis of the latter findings, that Cushing's disease
is a disorder of hypothalamic regulation of hormonal se-
cretion. They found confirmation of the postulated hypo-
thalamic dysfunction by demonstrating strikingly sub-
normal GHsecretory reserve in patients with Cushing's
disease, whether or not a clinically demonstrable pitui-
tary adenoma was present. The present study of patients
with hyperprolactinemia also shows a high frequency
(Table V) of deficient secretory reserve for the other
hypothalamic-pituitary-regulated hormones (7/9 for LH,
4/9 for GH, 2/9 for TSH, and 1/9 for ACTH-cortisol
function). In contrast with Krieger's findings in Cush-
ing's disease, however, the associated hormonal secretory
defects in hyperprolactinemia were almost uniformly
found in the patients with tumors and were essentially

' "Cushing's disease" is the term suggested by Liddle's
group (49) for hypercortisolism associated with adrenocor-
tical hyperplasia and an excess of pituitary ACTH, whether
or not a grossly apparent pituitary adenoma is present.

absent in patients with "functional" hyperprolactinemia.
This distinction may be much less meaningful than it
appears: in Cushing's disease, pituitary microadenomata
are often present in what appears to be ordinary bilateral
adrenocortical hyperplasia, and these frequently progress
to gross pituitary tumors after bilateral adrenalectomy
(Nelson's syndrome). In hyperprolactinemia, progres-
sion from "functional" hyperprolactinemic disorders
(e.g. Chiari-Frommel syndrome) to grossly apparent
pituitary tumors also occurs; indeed, we noted this se-
quence of events in two of our patients. It may be either
that long-continued "functional" hyperprolactinemia that
originates as a hypothalamic regulatory abnormality can
lead to pituitary tumor formation or that pituitary micro-
adenomata are present from the start in "functional"
hyperprolactinemia and simply grow larger with time.
Available data do not permit us to judge between these
two possibilities; the analogous problem in Cushing's
disease has not yet been resolved either.

Our findings and those of others (9-12) that L-dopa
can acutely suppress elevated hPRL levels in hyper-
prolactinemic patients even when associated with a
pituitary tumor suggest that pituitary tumors in such
patients remain under some degree of hypothalamic con-
trol. The persistence of episodic secretion of hPRL in our
patients with hypothalamic or pituitary tumors is further
evidence that the hypothalamus may inhibit hPRL secre-
tion intermittently. These findings emphasize the im-
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TABLE V
Summary of Hypothalamic Pituitary Function in Patients with Hyperprolactinemia

hPRL
Case sleep ACTH-
no. Diagnosis >waking* hGH hLH hTSH cortisol

1 Pituitary tumor - + - + +
2 "Post-pill" galactorrhea - + + + +
3 "Idiopathic" galactorrhea - + + + +
4 Pituitary tumor - - - + +
5 Pituitary tumor - - - + +
6 Chiari-Frommel

(pituitary tumor) + - - 4t +
7 Hypothalamic tumor -

8 "Post-pill" galactorrhea
(pituitary tumor) - + - + +

9 Chiari-Frommel + + - + +

+, normal; i, borderline; -, defective.
Mean hPRL asleep significantly greater (P <

portance of early medical diagnosis of hyperprolactinemic
states, since it is possible that early treatment may pre-
vent "functional" hyperprolactinemic disorders, whether
or not they are associated with pituitary microadenomata,
from progressing to clinically demonstrable pituitary tu-
mors. The findings of episodic secretion of hPRL as well
as L-dopa responsiveness in patients with clinically
demonstrable pituitary tumors suggest that medical
therapy may also be effective in these patients.

The observation of a temporal reciprocal relationship
between the initiation of hPRL secretion and cessation
or a decrease in the pulsatile secretion of LH in some
of our hyperprolactinemic patients supports the con-
clusion from experiments in rats that a dopaminergic
mechanism controls the secretion of these two hormones.
Kamberi, Mical, and Porter (52, 53) showed that
dopamine injected into the third ventricle causes a rise in
LH-releasing factor and a rise in PRL-inhibiting factor
in the hypophyseal portal circulation. The finding of com-
plete cessation of pulsatile LH secretion during the noc-
turnal hours when hPRL secretion was maximal in case 9
with the Chiari-Frommel syndrome suggests that a simi-
lar mechanism may be operative in man (48). These re-
sults as well as the frequency with which amenorrhea
is associated with galactorrhea suggests that the elevated
hPRL levels per se may exert a direct effect on the nor-
mal hypothalamic regulation of LH and FSH secretion.
The finding that hyperprolactinemic patients show nor-
mal LH and FSH responses to the gonadotropin-releas-
ing hormone (54) and clomiphene citrate (case 1) sup-
ports this view. The clinical observations that suppres-
sion of elevated hPRL levels medically with 2-bromo-
a-ergocryptine (CB 154) results in suppression of
galactorrhea and concomitant resumption of normal
menses (55) provide additional evidence that elevated

0.001) than mean hPRL awake.

hPRL levels may exert a direct effect on the normal
secretion of LH and FSH. Since all three of our pa-
tients with "functional" hyperprolactinemia had nor-
mal TSH, hGH, and ACTH-cortisol function, an im-
portant direct effect of elevated hPRL levels on the
hypothalamic regulation of these hormones appears
unlikely.

ACKNOWLEDGMENTS
The authors express their appreciation to the NIAMD
for providing the reagents used for the radioimmunoassay
of LH, TSH, hGH, and hPRL. The technical assistance of
Nate Katz, Doris Mui, Ken Tucker, and Jerry Frank is
appreciated. The assistance of Marilyn Hurler and Sue
Durling is also appreciated. The authors also appreciate
the invaluable advice of Dr. Barnett Zumoff.

This work has been supported by Grants from the Na-
tional Cancer Institute (CA-07304), General Clinical Re-
search Centers (RR-53), the National Heart and Lung
Institute (HL-14734), U. S. Public Health Service (ROH
00331) and National Institute of Child Health and De-
velopment (DH 06209).

REFERENCES

1. Frantz, A. G., and D. L. Kleinberg. 1970. Prolactin:
evidence that it is separate from growth hormone in
human blood. Science (Wash. D. C.). 170: 745.

2. Turkington, R. W. 1971. Measurement of prolactin
activity in human serum by the induction of specific
milk proteins in mammary gland in vitro. J. Clin. Endo-
crinol. Metab. 33: 210.

3. Kleinberg, D. L., and A. G. Frantz. 1971. Human pro-
lactin: measurement in plasma by in vitro bioassay.
J. Clin. Invest. 50: 1557.

4. Loewenstein, J. E., I. K. Mariz, G. T. Peake, and
W. H. Daughaday. 1971. Prolactin bioassay by induc-
tion of N-acetyllactosamine synthetase in mouse mam-
mary gland explants. J. Clin. Endocrinol. Metab. 33:
217.

1596 Boyar et al.



5. Frantz, A. G., D. L. Kleinberg, and G. L. Noel. 1972.
Studies on prolactin in man. Recent Prog. Horm. Res.
28: 527.

6. Hwang, P., H. Guyda, and H. Friesen. 1971. A radio-
immunoassay for human prolactin. Proc. Natl. Acad.
Sci. U. S. A.' 68: 1902.

7. Jacobs, L. S., I. K. Mariz, and W. H. Daughaday.
1972. A mixed heterologous radioimmunoassay for hu-
man prolactin. J. Clin. Endocrinol. Metab. 34: 484.

8. Sinha, Y. N., F. W. Selby, U. J. Lewis, and W. P.
VanderLaan. 1973. A homologous radioimmunoassay
for human prolactin. J. Clin. Endocrinol. Metab. 36: 509.

9. Kleinberg, D. L., G. L. Noel, and A. G. Frantz. 1971.
Chlorpromazine stimulation and L-Dopa suppression of
plasma prolactin in man. J. Clin. Endocrinol. Metab. 33:
873.

10. Malarkey, W. B., L. S. Jacobs, and W. H. Daughaday.
1971. Levodopa suppression of prolactin in nonpuerperal
galactorrhea. N. EngL. J. Med. 285: 1160.

11. Friesen, H., H. Guyda, P. Hwang, J. E. Tyson, and
A. Barbeau. 1972. Functional evaluation of prolactin
secretion: a guide to therapy. J. Clin. Invest. 51: 706.

12. Turkington, R. W. 1972. Inhibition of prolactin secre-
tion and successful therapy of the Forbes-Albright
syndrome with L-dopa. J. Clin. Endocrinol. Metab. 34:
306.

13. Turkington, R. W. 1972. Serum prolactin levels in
patients with gynecomastia. J. Clin. Endocrinol. Metab.
34: 62.

14. Turkington, R. W. 1972. Secretion of prolactin by pa-
tients with pituitary and hypothalamic tumors. J. Clin.
Endocrinol. Metab. 34: 159.

15. Nasr, H., G. Mozaffarian, J. Pensky, and 0. H. Pear-
son. 1972. Prolactin-secreting pituitary tumors in women.
J. Clin. Endocrinol. Metab. 35: 505.

16. Turkington, R. W., and J. H. MacIndoe. 1972. Hyper-
prolactinemia in sarcoidosis. Ann. Intern. Med. 76: 545.

17. Turkington, R. W., L. E. Underwood, and J. J. Van
Wyk. 1971. Elevated serum prolactin levels after pitu-
itary-stalk section in man. N. Engl. J. Med. 285: 707.

18. Turkington, R. W. 1971. Ectopic production of pro-
lactin. N. Engl. J. Med. 285: 1455.

19. Friesen, H., B. R. Webster, P. Hwang, H. Guyda, R. E.
Munro, and L. Read. 1972. Prolactin synthesis and
secretion in a patient with the Forbes-Albright syn-
drome. J. Clin. Endocrinol. Metab. 34: 192.

20. Foley, T. P., Jr., L. S. Jacobs, W. Hoffman, W. H.
Daughaday, and R. M. Blizzard. 1972. Human prolactin
and thyrotropin concentrations in the serums of normal
and hypopituitary children before and after the ad-
ministration of synthetic thyrotropin-releasing hormone.
J. Clin. Invest. 51: 2143.

21. Forsyth, I. A., G. M. Besser, C. R. W. Edwards, L.
Francis, and R. P. Myres. 1971. Plasma prolactin ac-
tivity in inappropriate lactation. Br. Med. J. 3: 225.

22. Weitzman, E. D., H. Schaumburg, and W. Fishbein.
1966. Plasma 17-hydroxycorticosteroid levels during
sleep in man. J. Clin. Endocrinol. Metab. 26: 121.

23. Hellman, L., F. Nakada, J. Curti, E. D. Weitzman, J.
Kream, H. Roffwarg, S. Ellman, D. K. Fukushima,
and T. F. Gallagher. 1970. Cortisol is secreted episodi-
cally by normal man. J. Clin. Endocrinol. Metab. 30:
411.

24. Weitzman, E. D., D. Fukushima, C. Nogeire, H. Roff-
warg, T. F. Gallagher, and L. Hellman. 1971. Twenty-

four hour pattern of the episodic secretion of cortisol
in normal subjects. J. Clin. Endocrinol. Metab. 33: 14.

25. Gallagher, T. F., K. Yoshida, H. D. Roffwarg, D. K.
Fukushima, E. D. Weitzman, and L. Hellman. 1973.
ACTH and cortisol secretory patterns in man. J. Clin.
Endocrinol. Metab. 36: 1058.

26. Boyar, R., M. Perlow, L. Hellman, S. Kapen, and E.
Weitzman. 1972. Twenty-four hour pattern of luteinizing
hormone secretion in normal men with sleep stage re-
cording. J. Clin. Endocrinol. Metab. 35: 73.

27. Takahashi, Y., D. M. Kipnis, and W. H. Daughaday.
1968. Growth hormone secretion during sleep. J. Clin.
Invest. 47: 2079.

28. Honda, Y., K. Takahashi, S. Takahashi, K. Azumi, M.
Irie, M. Sakuma, T. Tsushima, and K. Shizume. 1969.
Growth hormone secretion during nocturnal sleep in
normal subjects. J. Clin. Endocrinol. Metab. 29: 20.

29. Sassin, J. F., D. C. Parker, J. W. Mace, R. W. Gotlin,
L. C. Johnson, and L. G. Rossman. 1969. Human
growth hormone release: relation to slow-wave sleep
and sleep-waking cycles. Science (Wash. D. C.). 165:
513.

30. Boyar, R., J. Finkelstein, H. Roffwarg, S. Kapen, E.
Weitzman, and L. Hellman. 1972. Synchronization of
augmented luteinizing hormone secretion with sleep
during puberty. N. Engl. J. Med. 287: 582.

31. Boyar, R. M., J. W. Finkelstein, R. David, H. Roff-
warg, S. Kapen, E. D. Weitzman, and L. Hellman.
1973. Twenty-four hour patterns of plasma luteinizing
hormone and follicle-stimulating hormone in sexual
precocity. N. Engl. J. Med. 289: 282.

32. Sassin, J. F., A. G. Frantz, E. D. Weitzman, and S.
Kapen. 1972. Human prolactin: 24-hour pattern with
increased release during sleep. Science (Wash. D. C.).
177: 1205.

33. Nokin, J., M. Vekemans, M. L'Hermite, and C. Robyn.
1972. Circadian periodicity of serum prolactin concen-
tration in man. Br. Med. J. 3: 561.

34. Parker, D. C., L. G. Rossman, and E. F. VanderLaan.
1973. Sleep-related, nyctohemeral and briefly episodic
variation in human plasma prolactin concentrations. J.
Clin. Endocrinol. Metab. 36: 1119.

35. Sassin, J. F., A. G. Frantz, S. Kapen, and E. D. Weitz-
man. 1973. The nocturnal rise in prolactin is dependent
on sleep. J. Clin. Endocrinol. Metab. 37: 436.

36. Kales, A., and A. Rechtschaffen, editors. 1968. USPHS
Manual of Standardized Terminology, Techniques and
Scoring Systems for Sleep Stages of Human Subjects.
U. S. Government Printing Office, Washington, D. C.

37. Glick, S. M., J. Roth, R. S. Yalow, and S. A. Berson.
1963. Immunoassay of human growth hormone in
plasma. Nature (Lond.). 199: 784.

38. Odell, W. D., J. F. Wilber, and R. D. Utiger. 1967.
Studies of thyrotropin physiology by means of radio-
immunoassay. Recent Prog. Horm. Res. 23: 47.

39. Murphy, B. E. P. 1967. Some studies of the protein-
binding of steroids and their application to the routine
micro and ultramicro measurement of various steroids
in body fluid by competitive protein- binding radioassay.
J. Clin. Endocrinol. Metab. 27: 973.

40. Nieschlag, E., and D. L. Loriaux. 1972. Radioimmuno-
assay for plasma testosterone. Z. Klin. Chem. Klin.
Biochem. 10: 164.

41. Fukushima, D. K., H. L. Bradlow, L. Hellman, and
T. F. Gallagher. 1969. Further studies of cortisol pro-
duction rate. J. Clin. Endocrinol. Metab. 29: 1042.

Hypothalamic-Pituitary Function in Hyperprolactinemia 1597



42. Silber, R. S., and C. C. Porter. 1954. The determina-
tion of 17,21-dihydroxy-20-ketosteroids in urine and
plasma. J. Biol. Chem. 210: 923.

43. Drekter, I. J., A. Heisler, G. R. Scism, S. Stern, S.
Pearson, and T. H. McGavack. 1952. The determina-
tion of urinary steroids. I. The preparation of pigment-
free extracts and a simplified procedure for the esti-
mation of total 17-ketosteroids. J. Clin. Endocrinol.
Metcab. 12: 55.

44. Hunter, W. M., and F. C. Greenwood. 1962. Prepara-
tion of iodine-131 labelled human growth hormone of
high specific activity. Nature (Lond.). 194: 495.

45. de Lacerda, L., A. Kowarski, and C. J. Migeon. 1973.
Integrated concentration and diurnal variation in plasma
cortisol. J. Clin. Endocrinol. Metab. 36: 227.

46. Kapen, S., R. Boyar, M. Perlow, L. Hellman, and E.
D. Weitzman. 1973. Luteinizing hormone: Changes in
secretory pattern during sleep in adult woman. Life
Sci. 13: 693.

47. Sachs, B. A., E. Siegel, B. N. Horwitt, and E. Siegel.
1972. Bread iodine content and thyroid radioiodine up-
take: A tale of two cities. Br. Med. J. 1: 79.

48. Tyson, J. E., H. G. Friesen, and M. S. Anderson. 1972.
Human lactational and ovarian response to endogenous
prolactin release. Science (Wash. D. C.). 177: 897.

49. Brown, R. D., G. R. VanLoon, D. N. Orth, and G. W.
Liddle. 1973. Cushing's disease with periodic hormono-
genesis: one explanation for paradoxical response to
dexamethasone. J. Clin. Endorrinol. Metab. 36: 445.

50. Hellman, L., E. D. Weitzman, H. Roffwarg, D. K.
Fukushima, K. Yoshida, and T. F. Gallagher. 1970.
Cortisol is secreted episodically in Cushing's syndrome.
J. Clin. Endocrinol. Metab. 30: 686.

51. Krieger, D. T., and S. M. Glick. 1972. Growth hor-
mone and cortisol responsiveness in Cushing's syn-
drome. Relation to a possible central nervous system
etiology. Am. J. Med. 52: 25.

52. Kamberi, I. A., R. S. Mical, and J. C. Porter. 1971.
Luteinizing hormone releasing activity in hypophyseal
stalk blood and elevation by dopamine. Science (Wash.
D. C.). 166: 1012.

53. Kamberi, I. A., R. S. Mical, and J. S. Porter. 1970.
Prolactin-inhibiting activity in hypophyseal stalk blood
and elevation by dopamine. Experientia (Basel). 26:
1150.

54. Friesen, H., G. Tolis, R. Shiu, P. Hwang, and J.
Hardy. 1973. Studies on human prolactin: chemistry,
radioreceptor assay and clinical significance. Interna-
tional Symposium on Human Prolactin. Brussels. June
12-14. J. C. Pasteels and C. Robyn, editors. Excerpta
Medica, Amsterdam. 19.

55. Tolis, G., E. del Pozo, and M. S. Goldstein. 1973. Dopa-
mine and ergocryptine effects on hyperprolactinemic
states. In Program of the 55th Annual Meeting of
The Endocrine Society. Chicago, Ill. 20-22 June. J. B.
Lippincott Company, Philadelphia. 50. (Abstr.).

1598 Boyar et al.


