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Acanthosis nigricans
hyperandrogenic women with, 65:499
in a patient with hyperandrogenism and
insulin resistance, effect of ketocona-
zole on, 65:1047
Acquired immunodeficiency syndrome, adre-
nocortical function in, 65:482
Acromegaly
active, with minimal elevation of serum
GH, and insulin-like growth factor I
in, 65:617
effect of SMS 201-995 on circulating GH
and somatomedin-C levels during ther-
apy in patients with, 65:703
Adenosine 3’,5’-monophosphate
dibutyryl, effect on progesterone produc-
tion by human corpora lutea, 65:747
effect on secretion of immunoreactive
GnRH from placental cells, 65:1020
role in regulation of progesterone produc-
tion by placental tissue, 65:122
Adenylate cyclase, -stimulating proteins, hu-
man PTH-like, response of skin-de-
rived fibroblasts to, 65:101
Adrenal gland
androgen response to metyrapone, ACTH,
and CRH, in children with hypopitui-
tarism, 65:282
cortex, effects of suramin on, in monkeys,
65:153
deoxycorticosterone-secreting tumor of,
pathophysiology of, 65:836
dissociation between cortisol and androgen
secretion by, in patients receiving
prednisone therapy, 65:24
steroidogenesis of, inhibition by ketocona-
zole, kinetic analysis of, 65:551
Adrenal insufficiency, secondary, serum de-
hydroepiandrosterone sulfate levels in,
65:448
Adrenocorticotropin
adrenal androgen response to, in children
with hypopituitarism, 65:282
aldosterone response to, effect of upright
posture on, 65:203
24-h profile of, in major depressive illness,
effect of antidepressant treatment,
65:141
-producing cells of human pituitary, local-
ization of tissue-type transglutaminase
in, 65:885
pulsatile rhythms of, in women with endog-
enous depression, 65:962
response to surgery in humans, inhibition
of, 65:295
-secreting pituitary adenoma, without evi-
dence of Cushing’s disease, 65:1291

Alcoholism, T, transfer and distribution in,
65:606
Aldosterone
angiotensin-induced secretion of, effect of
atrial natriuretic peptide on, 65:765
plasma levels, in term neonates, 65:208
responses to dopamine, metoclopramide,
angiotensin II, and ACTH, effect of
upright posture on, 65:203
Aldosterone receptor, in primary hyperaldo-
steronism, 65:101
Androgen
adrenal, response to metyrapone, ACTH,
and CRH, in children with hypopitui-
tarism, 65:282
dissociation between cortisol and adrenal
secretion of, in patients receiving pred-
nisone therapy, 65:24
inhibitory effects on the hypothalamic-pi-
tuitary axis of women, modulation by
endogenous opioids, 65:1183
Androsta-5,16-dien-383-0l, role in pregneno-
lone metabolism in human testis,
65:753
Androstanediol glucuronide, plasma levels,
clinical usefulness of measurements of,
in women with idiopathic hirsutism,
65:597
3a-Androstanediol glucuronide, production in
human genital skin, 65:711
Anencephaly, effect on newborn serum levels
of apolipoprotein A-1, 65:1098
Angiotensin-induced aldosterone secretion,
effect of atrial natriuretic peptide on,
65:765
Angiotensin II, aldosterone response to, effect
of upright posture on, 65:203
Aplastic bone disease, in aluminum-related
osteodystrophy, 65:11
Apolipoprotein A-1, newborn serum levels,
effects of dexamethasone and anen-
cephaly on, 65:1098
Aromatase cytochrome P-450, localization in
syncytiotrophoblast of human pla-
centa, 65:757
Atrial natriuretic peptide
clearance from plasma, effect of posture on,
65:1095
effect on hormone secretion, 65:765
Atriopeptin, plasma levels, in hyper-, eu-, and
hypothyroidism, 65:1172
Azoospermia, idiopathic, serum bioactive
FSH in men with, 65:629

Bisphosphonate, response of serum osteocal-
cin to, in Paget’s disease of bone, 65:89
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Bone
histomorphometry, in hypogonadal and eu-
gonadal men with spinal osteoporosis,
65:53
mass, relationship to age and the meno-
pause, 65:697
turnover, during GnRH superagonist-in-
duced ovulation inhibition, 65:159
Bone Gla-protein, serum levels, in preterm
and fullterm neonates, 65:588
Bromocriptine
effect on pulsatile LH release in postmeno-
pausal women, 65:465
-induced reduction of predicted height in
tall adolescents, lack of, 65:355
treatment in adolescent boys with familial
tall stature, 65:136

Cabergoline
effect on PRL, in women, 65:541
inhibition of basal and metoclopramide-in-
duced PRL release, 65:1057
Calcitonin receptor, identification in human
spermatozoa, 65:742
Calcium
enhanced bioavailability of, from a solubi-
lized form of calcium citrate, 65:801
serum levels, in patients with familial be-
nign hypercalcemia, 65:1039
Calcium®, role in regulation of progesterone
production by placental tissue, 65:122
Children
adolescent boys with familial tall stature,
bromocriptine treatment in, 65:136
adolescents, circadian variations of LH in,
65:488
boys with idiopathic hypopituitarism, effect
of recombinant human GH treatment
on serum sex hormone-binding globu-
lin and low serum nonsex hormone-
binding globulin-bound testosterone
levels in, 65:1112
estrone and estradiol levels in testes, ova-
ries, and adrenals during the first 2 yr
of life, 65:862
hypopituitary, lipolytic potencies of pitui-
tary-derived and biosynthetic human
GH in, 65:876
infants with low birth weight syndromes,
thymulin deficiency and low T; syn-
drome in, 65:247
of short stature, GH secretion in, effect of
enhancement of cholinergic tone by
pyridostigmine on, 65:452
prepubertal, with growth failure, GH re-

sponse to iv injection of GH-releasing
hormone in, 65:387
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preterm and fulllterm neonates, perinatal
serum bone Gla-protein and vitamin D
metabolites in, 65:588
short, relationship between growth and
serum insulin-like growth factor I and
II levels in, 65:671
tall adolescents, lack of bromocriptine-in-
duced reduction of predicted height in,
65:355
techniques for differential diagnosis of
dwarfism in, 65:74
thyroid carcinoma in, 65:1088
with hypopituitarism, adrenal androgen re-
sponse to metyrapone, ACTH, and
CRH in, 65:282
with normal and abnormal growth, urinary
somatomedin-C in, 65:1168
with partial GH deficiency, effects of GRF-
(1-44) on growth, somatomedin-C, and
24-h GH secretion in, 65:268
with precocious puberty
gonadotropin and a-subunit secretion
during long term pituitary suppression
as treatment of, 65:946
somatomedin-C and growth in, 65:1112
young girls, different gonadotropin pulsa-
tile fashions in anovulatory cycles of,
65:785
Cholecystokinin, stimulation of amino acid-
induced insulin release, 65:395
Cholera toxin, effect on progesterone produc-
tion by human corpora lutea, 65:747
Cholesterol acyltransferase, activities in
obese subjects, before and after weight
reduction, 65:969
Clomiphene, oocyte maturity and follicular
fluid levels of prostanoids, gonadotro-
pins, and PRL after administration of,
65:402
Clomiphene citrate, and effects of aging in
men on bioavailable testosterone and
LH secretion, 65:1118
Clonidine, effect of estrogen on the GH re-
sponse to, in women with menopausal
flushing, 65:6
Corticotropin-releasing activity of gastrin-re-
leasing peptide, in men, 65:1282
Corticotropin-releasing hormone
adrenal androgen response to, in children
with hypopituitarism, 65:282
immunoreactive, in human plasma, deriva-
tion of, 65:176
inhibition of gonadotropin secretion by, in
rhesus monkey, 65:262
potentiation of peptide histidine methio-
nine on, 65:1301
test, in postoperative evaluation of patients
with Cushing’s syndrome, 65:906
Cortisol
dissociation between adrenal androgen se-
cretion and, in patients receiving pred-
nisone therapy, 65:24
24-h profile of, in major depressive illness,
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effect of antidepressant treatment,
65:141
pulsatile rhythms of, in women with endog-

enous depression, 65:962

C-Peptide, renal metabolism of, 65:494

Cushing’s disease, long term follow-up of pa-
tients with, after treatment with inter-
stitial irradiation, 65:441

Cushing’s syndrome, CRH test in postopera-
tive evaluation of patients with,
65:906

Dehydroepiandrosterone sulfate, serum lev-
els, in secondary adrenal insufficiency,
65:448

Deoxycorticosterone, -secreting adrenal tu-
mors, pathophysiology of, 65:836

11-Deoxycortisol, plasma levels, in term neo-
nates, 65:208

Deoxyribonucleic acid

binding of glucocorticoid-receptor complex,
in skin fibroblasts from a patient with
glucocorticoid resistance syndrome,
65:219

in human granulosa cells from IVF cycles,
flow cytometric analysis of, 65:602

Depression

endogenous, pulsatile rhythms of ACTH
and cortisol in women with, 65:962

GH response to GHRH in, 65:1278

major depressive illness, 24-h profiles of
ACTH, cortisol, and GH in, effect of
antidepressant treatment, 65:141

Desogestrel, containing oral contraceptives,
effects on urinary excretion of prosta-
cyclin metabolites and serum high den-
sity lipoproteins, 65:1238

Dexamethasone

effect on newborn serum levels of apolipo-
protein A-1, 65:1098

reduction of postcastration gonadotropin
rise in women, 65:237

Diabetes mellitus

gonadal dysfunction in men with organic
impotence and, 65:127

insulin-dependent, effects on residual 3-cell
function of age, duration and treat-
ment of, 65:30

noninsulin-dependent, high density lipo-
protein metabolism in, 65:512

type I, acute effect of glyburide on insulin
sensitivity in patients with, 65:896

type II, significance of hepatic triglyceride
lipase activity in regulation of serum
high density lipoproteins in, 65:183

N,N-Diethyl-4-methyl-3-0x0-4-aza-5a-an-
drostane-178-carboxamide, effects on
development of baldness in monkeys,
65:188

Dihydroergocriptine, in management of mi-
croprolactinomas, 65:779

1,25-Dihydroxyvitamin Dj, production by al-
veolar macrophages from normal sub-
jects and patients with pulmonary sar-
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coidosis, regulation of, 65:1201
Dopamine
aldosterone response to, effect of upright
posture on, 65:203
deficiency, as cause of inappropriate gonad-
otropin secretion in patients with poly-

cystic ovary syndrome, evidence
against, 65:891
Dwarfism

Laron-type, absence of plasma GH-binding
protein in, 65:814

techniques for differential diagnosis of, in
children, 65:74

Epidermal growth factor, -binding sites in
human and rat pituitary, 65:275
Epinephrine
effect on relationship between nonesterified
fatty acid availability and ketone body
production, in postabsorptive man,
65:914
effect on secretion of immunoreactive
GnRH from placental cells, 65:1020
plasma clearance mechanism for, effect of
age on, 65:508
Estradiol
levels in human testes, ovaries, and adre-
nals during the first 2 yr of life, 65:862
sensitization of human fetal pituitary cells
to GnRH, 65:1147
178-Estradiol, oxidation of, effect of diet on,
65:792
Estradiol dehydrogenase, localization in syn-
cytiotrophoblast of human placenta,
65:757
Estrogen
effect on the GH response to clonidine, in
women with menopausal flushing,
65:6
-induced elevation of serum T,-binding
globulin, mechanism for, 65:689
luteal phase antagonism, effect on endo-
metrial development and luteal func-
tion, 65:1006
Estrone, levels in human testes, ovaries, and
adrenals during the first 2 yr of life,
65:862
Estrone sulfatase, activity in human leuko-
cytes, 65:1026
Ethinyl estradiol, growth in Turner’s syn-
drome after long term treatment with,
65:253

Fatty acid, free, effect on GHRH-stimulated
GH secretion, 65:634

Fibronectin, T;-induced suppression of syn-
thesis of, resistance to thyroid hor-
mone diagnosed by reduced response
of fibroblasts to, 65:242

Follicle-stimulating hormone

bioactive, serum levels, in men with idio-

pathic azoospermia and oligospermia,
65:629
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induction of ovulation and conception with
GnRH agonist plus, in patients with
polycystic ovarian disease, 65:1253
pulsatile release, temporal coupling with
LH, 65:929
pulsatile secretion in polycystic ovary syn-
drome, effect of «,-adrenergic blockade
on, 65:841
Follicle-stimulating hormone receptor, in pri-
mate fetal testis and ovary, 65:1210
Follicle-stimulating hormone-releasing hor-
mone, pituitary reactivity to, after in-
duced ovulatory cycles and anovulation
in patients with polycystic ovarian dis-
ease, 65:1164
Forskolin, effect on progesterone production
by human corpora lutea, 65:747

Galanin, effect on GH release in response to
GHRH, 65:1248
Gastrin-releasing peptide, corticotropin-re-
leasing activity of, in men, 65:1282
az-Globulin, pregnancy-associated endome-
trial, relation to g-lactoglobulins,
65:1067
Glucocorticoid, TSH secretion in euthyroid
man during treatment with, 65:83
Glucocorticoid resistance syndrome, DNA
binding of glucocorticoid-receptor
complex in skin fibroblasts from a pa-
tient with, 65:219
Glucose
abnormal sensitivity of human insulinoma
cells to, 65:110
impaired tolerance of, hyperandrogenic
women with, 65:499
insulin-mediated disposal, effect of soma-
tostatin on, 65:364
transport in human omental adipocytes, in-
sulin action on, sex differences,
65:1141
Glyburide, acute effects on insulin sensitivity,
in type I diabetics, 65:896
Goiter
and iodine organification defect, abnormal
H;0, supply in thyroid of patient with,
65:344
relationships between serum TSH, serum
free Ty, and T3 and daily Ty and T,
production rates in patients with,
65:258
toxic multinodular, variant of autoimmune
hyperthyroidism, 65:659
Gonadotropin
different pulsatile fashions of, in anovula-
tory cycles of young girls, 65:785
follicular fluid levels, after administration
of clomiphene and pergonal, 65:402
GnRH-induced secretion of, in the follicu-
lar phase, corpus luteum insufficiency
induced by, 65:457
human chorionic
effect on progesterone production by hu-
man corpora lutea, 65:747
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human Leydig cells that are highly re-
sponsive to, 65:415
O-linked oligosaccharide structures of, in
pregnancy and  choriocarcinoma,
65:811
stimulation of nucleoside triphosphatase
activity in human ovarian nuclear
membranes by, 65:305
treatment of oligospermia with, 65:1081
human menopausal
ovulation induction with, in polycystic
ovary syndrome, effect of leuprolide
acetate on, 65:95
treatment of oligospermia with, 65:1081
inappropriate secretion of, in patients with
polycystic ovary syndrome, evidence
against dopamine deficiency as cause
of, 65:891
postcastration rise, effect of dexametha-
sone on, in women, 65:233
responses to sc administration of GnRH,
65:46
secretion during long term pituitary
suppression for treatment of preco-
cious puberty, 65:946
secretion in rhesus monkey, CRH inhibi-
tion of, 65:262
Gonadotropin-releasing hormone
absorption kinetics and gonadotropin re-
sponses to sc administration of, 65:46
agonist of
effect on spermatogenesis and fertility in
male monkeys, 65:1215
effects of chronic treatment with, in poly-
cystic ovarian disease, 65:773
hormonal effects of, in men, 65:568
induction of ovulation and conception
with FSH plus, in patients with poly-
cystic ovarian disease, 65:1253
estradiol sensitization of human fetal pitui-
tary cells to, 65:1147
immunoreactive, secretion from placental
cells, effects of cAMP, prostaglandins,
and epinephrine on, 65:1020
-induced gonadotropin secretion in the fol-
licular phase, corpus luteum insuffi-
ciency induced by, 65:457
intranasal administration, stimulation of
spermatogenesis and biological patern-
ity by, in a man with Kallmann’s syn-
drome, 65:1060
superagonist of, -induced ovulation inhibi-
tion, bone turnover during, 65:159
Graves’ disease
dysfunction of suppressor T cells in thyroid
glands from patients with, 65:922
hyperthyroidism of, effects of methylmer-
captoimidazole and propylthiouracil in
patients with, 65:719
long term treatment with iopanoic acid,
65:679
normal suppressive T cell function of Ep-
stein-Barr virus-induced B cell activa-
tion in, 65:555

JCE & M « 1987
Vol 65+ No 6

ophthalmopathy of, human retroocular fi-
broblasts as model for study of, 65:665

polymorphism of the T cell receptor B
chain in, 65:643

postpartum occurrence of thyrotoxicosis in,
changes in thyroid-stimulating anti-
body and TSH binding inhibitor im-
munoglobulin at time of, 65:324

reduction in suppressor-inducer T cell sub-
set and increase in helper T cell subset
in thyroid tissue from patients with,
65:17

serum free T levels in, 65:359

Growth hormone

basal and GH-releasing hormone-induced
secretion of, in children of short stat-
ure, effect of enhancement of cholin-
ergic tone by pyridostigmine on,
65:452

circulating levels, effect of SMS 201-995
on, during therapy of acromegalic pa-
tients, 65:703

-deficient patients, hypothalamic dysfunc-
tion in, 65:1177

GHRH-stimulated secretion of, effect of
FFA on, 65:634

24-h profile of, in major depressive illness,
effect of antidepressant treatment,
65:141

24-h secretion in children with partial GH
deficiency, effect of GRF-(1-44) on,
65:268

immunoreactive, correlation of somato-
statin receptors with, in human pitui-
tary adenomas, 65:65

in the Mountain Ok people of Papua New
Guinea, 65:901

mRNA, identification in pituitary adenoma
cells, 65:575

partial deficiency of, effects of GRF-(1-44)
on growth, somatomedin-C, and 24-h
GH secretion in children with, 65:268

pituitary-derived and biosynthetic, lipolytic
potencies in hypopituitary children,
65:876

-producing pituitary tumor, effect of con-
tinuous sc infusion of SMS 201-995 on,
65:1042

recombinant human, effect on serum sex
hormone-binding globulin and nonsex
hormone binding globulin-bound tes-
tosterone in boys with idiopathic hy-
popituitarism, 65:1107

release in response to GHRH, effect of gal-
anin on, 65:1248

response to clonidine, effect of estrogen on,
in women with menopausal flushing,
65:6

response to GH-releasing hormone, effect
of sex and age on, 65:535

response to GHRH, in depression, 65:1278

response to iv injection of GH-releasing
hormone, in prepubertal children with
growth failure, 65:387
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serum binding of, ontogeny of, 65:1072
serum levels, in active acromegaly with
minimal elevation of serum GH,
65:617
stimulation of formation and insulin pro-
duction of islet-like cell clusters, in hu-
man fetal pancreas, 65:1154
treatment of short children, 65:671
Growth hormone-binding protein, absence in
plasma in Laron-type dwarfism,
65:814
GH release in response to, effect of galanin
on, 65:1248
GH response to
effect of sex and age on, 65:535
in depression, 65:1278
GH response to iv injection of, in prepuber-
tal children with growth failure,
65:387
immunoreactive, plasma levels, effect of
heat exposure on, 65:1035
-induced GH secretion, in children of short
stature, effect of enhancement of cho-
linergic tone by pyridostigmine on,
65:452
-stimulated GH secretion, effect of FFA on,
65:634
use in evaluation of hypothalamic dysfunc-
tion in GH-deficient patients, 65:1177
Growth hormone-releasing hormone-(1-44),
effect on growth, somatomedin-C, and
24-h GH secretion, in children with
partial GH deficiency, 65:268

Heart, relationship of cardiac chamber vol-
ume to baroreflex activity, 65:475

Hemochromatosis, hypogonadotropic hypo-
gonadism in, 65:585

Heparin, -induced increase in plasma free T,
mechanism of, 65:1259

Hirsutism, idiopathic, clinical usefulness of
plasma androstanediol glucuronide
measurements in women with, 65:597

D,L-3-Hydroxybutyric acid, effect on glomer-
ular filtration rate, 65:331

18-Hydroxycortisol, urinary levels, relation-
ship to excretion of other adrenal ste-
roids, 65:310

21-Hydroxylase deficiency, morning salivary
17-hydroxyprogesterone as test for,
65:227

17-Hydroxyprogesterone, morning salivary
levels, test for nonclassical 21-hydrox-
ylase deficiency, 65:227

178-Hydroxysteroid oxidoreductase, activi-
ties in human placental villi, steroid
modulation of, 65:647

la-Hydroxyvitamin D;, effect on renal mag-
nesium wasting, in a patient with short
bowel syndrome with magnesium defi-
ciency, 65:1296

25-Hydroxyvitamin Dj;, metabolism by hu-
man T-lymphotropic  virus-trans-
formed lymphocytes, 65:519
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Hyperaldosteronism, primary, aldosterone re-
ceptors in, 65:101
Hyperandrogenism, in a patient with insulin
resistance and acanthosis nigricans, ef-
fect of ketoconazole on, 65:1047
Hypercalcemia, familial benign, serum cal-
cium in patients with, 65:1039
Hyperinsulinemia, hyperandrogenic women
with, 65:499
Hyperlipoproteinemia, type II, testicular
function in patients with, effect of
treatment with lovastatin or neomycin,
65:546
Hyperprolactinemia, sulpiride-induced, in
men, effect of D-Trp®-LHRH on,
65:368
Hyperthyroidism, plasma atriopeptin levels
in, 65:1172
Hypoglycemia
insulin-induced
circulating levels of prosomatostatin-de-
rived peptides during, 65:880
hormonal responses to, 65:1187
influence of infused hypertonic saline on
response to, 65:116
mild, sparing of cognitive function in, dis-
sociation from the neuroendocrine re-
sponse, 65:806
Hypogonadism, hypogonadotropic, in hemo-
chromatosis, 65:585
Hypopituitarism
children with, adrenal androgen response
to metyrapone, ACTH, and CRH in,
65:282
idiopathic, serum sex hormone-binding
globulin and nonsex hormone-binding
globulin-bound testosterone levels in
boys with, effect of recombinant hu-
man GH treatment, 65:1107
Hypothalamic-pituitary axis, inhibitory ef-
fects of androgen on, modulation by
endogenous opioids, in women,
65:1183
Hypothalamo-pituitary-gonadal axis, male,
operating characteristics, 65:929
Hypothyroidism, plasma atriopeptin levels in,
65:1172

Inhibin, circulating levels, during normal hu-
man menstrual cycle, 65:954
Insulin
action in human obesity, relationship to
islet function, 65:59
action on glucose transport and transport-
ers, in human omental adipocytes, sex
differences, 65:1141
amino acid-induced release of, stimulation
by cholecystokinin, 65:395
-dependent diabetes mellitus, effects on re-
sidual B-cell function of age, duration
and treatment of, 65:30
-induced hypoglycemia
circulating levels of prosomatostatin-de-
rived peptides during, 65:880
hormonal responses to, 65:1187
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influence of infused hypertonic saline on
response to, 65:116
-mediated glucose disposal, effect of soma-
tostatin on, 65:364
production by islet-like cell clusters in hu-
man fetal pancreas, GH stimulation of,
65:1154
resistance to, in a patient with hyperandro-
genism and acanthosis nigricans, effect
of ketoconazole on, 65:1047
sensitivity to, in type I diabetics, acute ef-
fects of glyburide on, 65:896
Insulin-like growth factor IA prohormone,
antiserum for E peptide region of, rec-
ognition of serum protein by, 65:868
Insulin-like growth factor
GH-independent binding protein for, diur-
nal rhythm in plasma, 65:432
immunoreactive binding proteins for, in hu-
man anmiotic fluid, relationship to fe-
tal maturity, 65:423
in the Mountain Ok people of Papua New
Guinea, 65:901
nomenclature of, 65:1075
Insulin-like growth factor I
acute effects in human fat cells, 65:732
modulation of endothelial cell chemotaxis,
65:370
serum levels
in active acromegaly with minimal ele-
vation of serum GH, 65:617
relationship to growth in short children,
65:671
stimulation of human erythroid colony for-
mation, 65:78
Insulin-like growth factor II
acute effects in human fat cells, 65:732
serum levels, relationship to growth in short
children, 65:671
Iodothyronine, active transport into human
fibroblasts, 65:624
Iopanoic acid, long term treatment of Graves’
disease with, 65:679

Kallmann'’s syndrome
magnetic resonance imaging of brain in pa-
tients with anosmia and, 65:581
stimulation of spermatogenesis and biolog-
ical paternity by intranasal GnRH in
a man with, 65:1060
Ketoconazole
effect on hyperandrogenism in a patient
with insulin resistance and acanthosis
nigricans, 65:1047
inhibition of human adrenal steroidogene-
sis, kinetic analysis of, 65:551
Ketone body, production in postabsorptive
man, relationship to nonesterified
fatty acid availability, effect of epi-
nephrine on, 65:914
Kidney
chronic renal failure, T, transfer and dis-
tribution in, 65:606
stone formation, pathogenetic role of phys-
ical exercise in, 65:974
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B-Lactoglobulin, relationship of pregnancy-
associated endometrial a»-globulin to,
65:1067

Lecithin, plasma levels, in obese subjects be-
fore and after weight reduction, 65:969

Leuprolide acetate, effect on ovulation induc-
tion with human menopausal gonado-
tropins, in polycystic ovary syndrome,
65:95

Levonorgestrel, -containing oral contracep-
tives, effects on urinary excretion of
prostacyclin metabolites and serum
high density lipoproteins, 65:1238

Lipase, plasma levels, in obese subjects before
and after weight reduction, 65:969

Lipid, plasma levels, effect of menstrual cycle
phase on, 65:321

Lipoprotein

high density
metabolism in noninsulin-dependent di-
abetes mellitus, 65:512
serum levels, effects of desogestrel- and
levonorgestrel-containing oral contra-
ceptives on, 65:1238
serum levels, significance of hepatic tri-
glyceride lipase activity in regulation
of, in type II diabetes mellitus, 65:183
plasma levels, in obese subjects before and
after weight reduction, 65:969

Lovastatin, testicular function in type II hy-
perlipoproteinemic patients treated
with, 65:546

Low birth weight syndrome, thymulin defi-
ciency and low T; syndrome in infants
with, 65:247

Luteinizing hormone

circadian variations of, in adolescents,
65:488

circulating levels

dependence on pulsatile amplitude and
frequency, 65:796
pulse frequency, in women with polycys-

tic ovary syndrome, 65:233

effects of aging in men on secretion of,
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A Pituitary Adenoma Secreting High Molecular Weight
Adrenocorticotropin without Evidence of Cushing’s

Disease

M. REINCKE, B. ALLOLIO, W. SAEGER, D. KAULEN, anD W. WINKELMANN
Medizinische Universitatsklinik II, Koin-Merheim, Koln; and Abteilung fur Pathologie (W.S.),

Marienkrankenhaus Hamburg, Hamburg, West Germany

ABSTRACT. We report a patient with hypersecretion of a
high mol wt ACTH from an aggressive corticotropic pituitary
tumor who did not have hypercortisolism. Basal plasma ACTH
levels were clearly elevated (26-121 pmol/L), whereas basal and
stimulated serum cortisol levels were in the normal range. The
pituitary source of the ACTH hypersecretion was confirmed by
selective venous catheterization. Gel chromatography of the
patient’s plasma showed two peaks of ACTH immunoreactivity,
one major peak eluting near the void volume (high mol wt form
of ACTH), accounting for more than 95% of the ACTH detected,
and a very small peak at the expected position of ACTH-(1-39).

Plasma ACTH levels were not altered by metyrapone or bro-
mocriptine. During high dose dexamethasone administration
plasma ACTH decreased, but was not fully suppressed. Immu-
nohistochemical evaluation of tumor tissue demonstrated ACTH
immunoreactivity in 40% of the tumor cells. The patient died
from postoperative complications after a second operation per-
formed after tumor recurrence. This patient’s course confirms
the observations of relatively rapid growth and high recurrence
rate in clinically silent corticotropic pituitary adenomas. (J Clin
Endocrinol Metab 65: 1296, 1987)

MONG surgically removed pituitary adenomas, ap-

proximately 30-35% appear to be silent, unasso-
ciated with clinical or biochemical evidence of any an-
terior pituitary hormone excess (1, 2). However, with
routine immunocytochemical staining of the pituitary
tumor tissue, immunoreactive hormone material can be
demonstrated in a substantial number of these seemingly
nonfunctioning tumors (2). Clinically silent immuno-
reactive FSH- and LH-containing pituitary adenomas
were reported by Trouillas et al. in 1981 (3). More re-
cently, silent pituitary adenomas secreting «-subunit
have been described (4). Corticotropic pituitary adeno-
mas without evidence of Cushing’s disease have been
reported by Hassoun et al. in 1979 (5) and in more detail
by Horvath et al. in 1980 (2). However, secretion of
biologically inactive ACTH in patients with silent corti-
cotropic adenomas has not been described. We report
here a patient with hypersecretion of immunoreactive
ACTH from a clinically silent pituitary adenoma.

Case Report

A 46-yr-old man was admitted to the Stadtische Kranken-
anstalten Koln-Merheim in May 1981 with a 6-month history
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Address all correspondence and requests for reprints to: Dr. M.
Reincke, Medizinische Universitatsklinik II, Koln-Merheim, Ostmer-
heimer Str. 200, 5000 Kéln 41, West Germany.

of visual problems followed by decreased libido. The visual
acuity in his left eye was diminished, but no temporal visual
field defect was found. He was mildly obese (height 1.76 m;
weight, 79 kg), but had no clinical features of hypercortisolism.
Serum electrolytes were normal. Glucose tolerance (100 g glu-
cose, orally) was abnormal, with a fasting blood glucose level
of 5.0 mmol/L and a 2-h value of 13.6 mmol/L. Skull x-rays
showed an enlarged pituitary fossa. Computerized axial tomog-
raphy revealed an intrasellar tumor with suprasellar and para-
sellar extension. In July 1981 he underwent transfrontal cra-
niotomy, but only incomplete removal of the tumor was
achieved. Postoperative recovery was uneventful, and his visual
acuity returned to normal. Tumor recurrence necessitated a
second operation in March 1983. He died from pulmonary
embolism soon after surgery. At autopsy no carcinoma, i.e.
bronchial carcinoma, or metastases were found. The weight of
the adrenal glands was normal.

Materials and Methods

Assessment of hormonal status was performed before and
after the first craniotomy. Plasma ACTH was measured in
triplicate by RIA (6) after extraction with QUSO (7). The
antibody cross-reacted completely with ACTH-(1-24), human
(h) ACTH-(1-39), and ACTH-(11-24), and did not react with
ACTH-(1-10), hACTH-(27-39), BhMSH, or «chMSH. Plasma
ACTH also was measured in duplicate by a highly specific two-
site immunoradiometric assay for hACTH-(1-39). This anti-
body did not react with hACTH-(1-32), ACTH-(1-24), and
hACTH-(18-39) (8). Plasma B-endorphin was determined by
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RIA after extraction with Vycor powder (9). The antibody had
58% cross-reactivity with 8-lipotropin. Synthetic 8-endorphin
(Universal Biologicals, Cambridge, United Kingdom) was used
for standard and radioiodination. Urinary cortisol excretion
was determined after extraction and chromatography (10). The
serum levels of other hormones were measured by standard
RIA techniques using commercially available reagents.

Analysis of the molecular size of the circulating immuno-
reactive ACTH was performed by gel chromatography, as de-
scribed by Ratter et al. (11). Acidified plasma was chromato-
graphed on a column of Sephadex G-75 (superfine; 100 X 1.5
cm) equilibrated with 1% formic acid.

Sections of the tumor tissue were examined by light micros-
copy using conventional and immunocytochemical techniques,
described previously (12). Using the peroxidase-antiperoxidase
method on paraffin-embedded sections, the following commer-
cial primary antibodies were tested: anti-ACTH [synthetic
BACTH-(1-23), Ferring Arzneimittel, Wittland, West Ger-
many; dilution 1:200), anti-ACTH (synthetic ACTH-(1-24),
Dakopatts, Hamburg, West Germany; 1:300), anti-CRH (Me-
dac, Hamburg, West Germany; 1:20), anti-GH (Dakopatts;
1:500), anti-GH (Kabi vitrum, Minchen, West Germany;
1:100), anti-PRL (Dakopatts; 1:800), anti-TSH (Kabi vitrum:
Miinchen, West Germany 1:200), anti-FSH (Dakopatts; 1:200),
and anti-LH (Dakopatts; 1:800). Normal adenohypophysis and
hypothalamus were used as control tissues for immunocyto-
chemistry. The three traditional types of control reactions,
increase in dilution, omitting components, and antiserum
preabsorption with antigen excess, were performed.

Results

Preoperatively, thyroid function was normal. Gonad-
otropin secretion in response to stimulation with GnRH
was diminished, and serum testosterone was in the low
normal range. Baseline serum PRL and the PRL re-
sponse to TRH were normal. Serum GH did not increase
after insulin-induced hypoglycemia.

No signs of adrenal hyperfunction were found. The 24-
h urinary cortisol excretion was 69 nmol/day (normal,
55-176 nmol/day). Baseline serum cortisol as well as the
cortisol response to exogenous ACTH and insulin-in-
duced hypoglycemia were normal preoperatively (Table
i). The seruin cortisol values displayed a normal diurnal
variation (0900 h, 440; 1000 h, 360; 1100 h, 310; 1200 h,
250; 1300 h, 220 nmol/L). Postoperatively, the response
to insulin-induced hypoglycemia was impaired (peak
serum cortisol, 330 nmol/L), whereas the cortisol re-
sponse to exogenous ACTH remained normal.

In contrast, preoperative plasma radioimmunoassaya-
ble ACTH levels were clearly elevated (35-82 pmol/L at
0900 h; normal range, <11 pmol/L). One month after the
first operation, plasma ACTH was 50 pmol/L at 0900 h.
It remained elevated (26-131 pmol/L at 0900 h), sug-
gesting the presence of a tumor secreting biologically
inactive ACTH. Similarly, plasma $-endorphin immu-
noreactivity was increased (3220 ng/L; normal, <230).

While serum cortisol was readily suppressed by dexa-
methasone, plasma ACTH immunoreactivity was ele-
vated throughout the test period, though it decreased
from 131 to 50 pmol/L (Fig. 1). Thus, partial suppression
of the secretion of biologically inactive ACTH together
with complete suppression of biologically active ACTH,
probably secreted by nontumorous cells, occurred.
Plasma ACTH levels, measured at 0, 120, 180, 240, and
300 min, did not change after metyrapone (2.0 g, iv) or
bromocriptine (2.5 mg, orally) administration, demon-
strating autonomy of tumor peptide secretion, but in-
creased after lysine vasopressin (Table 1).

Plasma ACTH measured by immunoradiometric assay
(IRMA) was in the low normal range and increased
slightly after lysine vasopressin administration (Table
1), suggesting release of biologically active ACTH in the
presence of a tumor secreting biologically inactive
ACTH.

To investigate the molecular size of the circulating
biologically inactive ACTH, gel chromatography was per-
formed. Gel chromatography of plasma of an Addisonian
patient revealed a single peak of immunoreactive ACTH
(Fig. 2a), eluting at the same position as ['*IJACTH-(1-
39). The patient’s plasma, fractionated under the same
conditions, showed two peaks (Fig. 2b). A very small
peak appeared at the expected position of ACTH-(1-39);
the second, predominant peak, eluting near the void
volume, indicated the presence of a large mol wt form of
ACTH. This peak accounted for more than 95% of the
ACTH detected. In contrast, the plasma of a patient with
an ACTH-secreting bronchial carcinoma and Cushing’s
syndrome had a heterogenous, large mol wt peak (Fig.
2c), indicating the release of a variety of peptides with
different mol wt.

To exclude ectopic ACTH secretion, selective venous
sampling was performed. This procedure confirmed a
pituitary source of the ACTH hypersecretion (gradient
from high internal jugular vein to inferior vena cava, 1.4
to 1).

Histologically an undifferentiated mucoid cell ade-
noma was found. Very few mitoses and cells with two or
more nuclei were seen. Periodic acid-Schiff staining re-
vealed a few strongly granulated cells and a large number
of very slightly granulated cells. Immunohistochemical
studies demonstrated ACTH immunoreactivity in 40%
[anti-ACTH-(1-23); Fig. 3] or 15% [anti-ACTH-(1-24)]
of the adenoma cells, whereas GH, PRL, and CRH were
not detected. TSH and FSH were found in a few scattered
cells. At autopsy, the adenoma invaded the capsule, the
neurohypophysis, the sellar bone, and the sphenoid sinus.
Little intact adenohypophyseal tissue was found, and it
contained different cell types and very few immunoreac-
tive ACTH-containing cells with partial hyalinization.
Fully developed Crook’s cells were not found.
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TABLE 1. Preoperative serum cortisol and/or plasma ACTH (RIA and IRMA) responses at 0900 h to exogenous ACTH (250 ug, iv), insulin-
induced hypoglycemia (0.15 IU/kg), and lysine vasopressin administration (5 IU, iv, for 60 min)

Response to

Response to

Response to ACTH: L d hvpogl . lysine vasopressin:
Time (min) cortisol insulin-induce:  hypoglycemia: Coriy
(nmol/L) cortisol ACTH (RIA; ACTH (IRMA; (° ‘Sl‘;
(nmol/L) pmol/L) pmol/L) mI‘j)o
0 350 410 96 5 290
15 143 6 500
30 960 480 114 6 790
45 940 118 7 820
60 1160 980 89 7 820
90 1250 880 83 6 550
Normal basal (0900 h) values: serum cortisol, 140-690 nmol/L; ACTH (RIA and IRMA), <11 pmol/L.
A V, -39 ACT
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e 3 8 100 120 140 160
| I
? o '
1 = \ '
o Z o | !
I
. :
251 1 |
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1 2. 3 4. 5. 6. ELUTION VOLUME "
time (days) F1G. 2. Gel filtration patterns of plasma ACTH obtained (b) from our

FiG. 1. Serum cortisol and plasma ACTH (RIA) concentrations during
administration of dexamethasone.

Discussion

The major finding in this patient was the secretion of
a high mol wt form of ACTH by a pituitary adenoma in
the absence of hypercortisolism. Clinically, the large
pituitary tumor resulted in impairment of visual acuity
and acquired hypogonadism. Baseline and stimulated
serum cortisol levels were in the normal range. The
finding of clearly elevated basal immunoradioassayable
ACTH was unexpected in this patient, who initially was
diagnosed as having a nonfunctioning chromophobe ad-

patient (b), a patient with Addison’s disease (a), and a patient with the
ectopic ACTH syndrome due to a bronchial carcinoma (¢). V,, Void
volume.

enoma. Gel chromatography demonstrated that a high
mol wt form of ACTH accounted for more than 95% of
the immunoreactive ACTH detected. After incomplete
removal of the tumor, ACTH levels remained elevated.
The tumor recurred within 18 months, demonstrating
the aggressive nature of the tumor.

ACTH and related peptides are produced and secreted
by pituitary tumors in the context of Cushing’s disease
(13) and by extrapituitary tumors (ectopic ACTH-pro-
ducing tumors) (14). Beside the main feature of hyper-
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FiG. 3. Immunostaining for ACTH [anti-ACTH-(1-23)]. ACTH-pos-
itive granules are most prominently seen in the periphery of many
adenoma cells. Anti-ACTH, peroxidase-antiperoxidase, diamino-ben-
zidine. Magnification, X670.

cortisolism, abnormalities in the processing of the ACTH
precursors have been found, resulting in the secretion of
various large molecular forms of ACTH (15). These large
forms of ACTH appear to be more typical of the ectopic
ACTH syndrome (11). While there are a few recent
reports of big ACTH secretion by aggressive pituitary
adenomas in patients with Cushing’s disease (14, 16-18),
the production of big ACTH by a silent corticotropic
pituitary adenoma has not been previously reported.

Silent corticotropic adenomas unassociated with clin-
ical and biochemical signs of hormone overproduction
have been well described. Such tumors were classified as
chromophobe adenomas by conventional staining tech-
niques, but contained immunoreactive ACTH (2, 5). In
the series described by Horvath et al. (2) 43% of all
corticotropic tumors were not associated with clinical
signs of Cushing’s disease, and 9 of 14 tumors examined
histologically were of the chromophobe type. These tu-
mors have several features in common with that in our
patient, notably a relatively rapid growth rate and a high
recurrence rate.

The cause of “silence” in these adenomas appears
complex. In some tumors it has been attributed to failure
of exocytosis of hormone from the cell membrane and to
an increase in intracellular disposal by lysosomes (19).
In other tumors, examination by electron microscopy
suggested defective packaging of ACTH into secretory
granules due to an inadequately developed Golgi complex
(2). In our patient the cause appears to be incomplete or
aberrant processing of proopiomelanocortin (POMC),
the large precursor of ACTH, and, thus, failure to pro-
duce biologically active hormone. POMC is a 31,000-
dalton glycoprotein and contains ACTH and $-lipotropin
in its carboxy-terminal portion and an N-terminal pro-
tein of 16,000 daltons (pro-yMSH). Production of ACTH

and related peptides involves an intermediate step,
wherein the C-terminal 8-lipotropin is cleaved, followed
by the cleavage of ACTH (20). In ectopic ACTH-produc-
ing tumors and less prominently in pituitary adenomas
several abnormalities in the biosynthesis and processing
of ACTH have been reported (21). In a report of ectopic
ACTH production, cleavage of the N-terminal peptide
from ACTH/B-lipotropin preceded cleavage between 3-
lipotropin and ACTH (22). In our patient, the increase
in B-endorphin/B-lipotropin immunoreactivity in the
presence of big ACTH in plasma may be due to a simi-
larly abnormal ACTH/B-lipotropin peptide. Otherwise,
elevated 8-endorphin/g-lipotropin immunoreactivity may
be explained by the secretion of 8-endorphin/8-lipotro-
pin and big ACTH simultaneously.

In patients with Cushing’s syndrome due to a pituitary
adenoma, ACTH responsiveness to vasopressin, metyr-
apone, bromocriptine, and dexamethasone persists, al-
though it is quantitatively abnormal (13). In contrast,
this man had poorly autonomous secretion of big ACTH.
There was no response to bromocriptine or metyrapone,
while plasma ACTH levels decreased somewhat during

high dose dexamethasone. These abnormalities reflect -~ -

the relative autonomy of the tumor.

The source of bioactivity in Cushing’s syndrome with
secretion of various molecular forms of ACTH is uncer-
tain (16, 17). The bioactivity in the large mol wt fractions
from ectopic tumors is assumed to be low (17). This
patient’s plasma contained big ACTH, which accounted
for more than 95% of the detected immunoreactive
ACTH. In the presence of normal serum cortisol levels
and normal 24-h cortisol excretion this high mol wt form
of ACTH probably had no or very little bioactivity.

In conclusion, this patient again demonstrates that
abnormalities of POMC processing and secretion are not
a unique feature of the ectopic ACTH syndrome. His
illness confirms the observation of relatively rapid
growth and high recurrence rates in silent corticotropic
adenomas. In such patients with silent pituitary adeno-
mas, screening for high mol wt ACTH should, therefore,
be performed.
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