THE JOURNAL OF

CLINICAL ENDOCRINOLOGY
& METABOLISM

EDITOR-IN-CHIEF: ROBERT D. UTIGER
EDITORS: Jerome M. Feldman, T. Kenney Gray, Stuart Handwerger, Judson J. Van Wyk

P EDITORIAL BOARD

L~ —_ AT )
< 7 A v
B N e

RicArRDO H. AscH
ROBERT S. BAR
NORMAN H. BELL
BARRY B. BErRCU
GUENTHER BODEN
WILLIAM J. BREMNER
STEPHEN BURSTEIN
JOHN R. G. CHALLIS
DaviD S. COOPER
WiLLIAM F. CROWLEY
PHiLIP E. CRYER

A. JOSEPH D’ERCOLE
GERE S. DIZEREGA
ROBERT G. DLUHY
MARC K. DREZNER
WILLIAM C. DUCKWORTH
CHARLES H. EMERSON
WILLIAM S. EVANS
Davip FELDMAN
ELAINE B. FELDMAN
LAWRENCE A. FROHMAN
RICHARD W. FURLANETTO
JAMES R. GIVENS
WILLIAM E. GREEN

JEFFREY B. HALTER

MicHAEL F. HoLick

O. BRYAN HOLLAND
WiLLA A. HSEUH
ELAINE M. KAPTEIN
JOHN H. KARAM
KaLMAN T. Kovacs
ROBERT A. KREISBERG
MARK E. MoLITCH
ALAN C. MOSES
GREGORY R. MUNDY
ROBERT W. REBAR
MATTHEW M. RECHLER
E. CHESTER RIDGWAY
AraN D. RoGcoL

RON ROSENFELD
ARTHUR B. SCHNEIDER
EvAN R. SIMPSON
CAROLE A. SPENCER
ALLEN M. SPIEGEL
GLORIA S. TANNENBAUM
JOSEPH G. VERBALIS
AARON [. VINIK

JACK R. WALL
MICHELLE P. WARREN

MARGITA ZAKARIJA

EDITORIAL ASSISTANTS
Sheila B. Majors
Catherine G. Stafford

3A



Subject Inde;x to Volume 65

Acanthosis nigricans
hyperandrogenic women with, 65:499
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Aplastic bone disease, in aluminum-related
osteodystrophy, 65:11
Apolipoprotein A-1, newborn serum levels,
effects of dexamethasone and anen-
cephaly on, 65:1098
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Bone
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bromocriptine treatment in, 65:136
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sponse to iv injection of GH-releasing
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preterm and fulllterm neonates, perinatal
serum bone Gla-protein and vitamin D
metabolites in, 65:588
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techniques for differential diagnosis of
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sponse to metyrapone, ACTH, and
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24-h GH secretion in, 65:268
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tile fashions in anovulatory cycles of,
65:785
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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
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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
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effect of antidepressant treatment,
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pulsatile rhythms of, in women with endog-

enous depression, 65:962
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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 §-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, Ts-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 a;-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
ay-Globulin, pregnancy-associated endome-
trial, relation to @-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 T; 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, 85:773
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
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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 D;, 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
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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
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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
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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
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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,
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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 T3 syndrome in infants
with, 65:247
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65:488
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ABSTRACT. To determine the origin of estrogens in infant
blood, we measured estrone (E,) and estradiol (E,) in the gonads
of 50 girls and 64 boys who died suddenly between birth and 2
yr of age as well as in the adrenals of 18 of these infant girls and
16 of the boys. In the adrenals, E, [median, 2.8 ng/g (10.4 pmol/
g); range, 1.1-4.8 ng/g (4.1-17.8 pmol/g)] and E, [median, 3.0
ng/g (10.9 pmol/g); range, 1.2-5.3 ng/g (4.4-19.5 pmol/g)] were
found in similar concentrations and were independent of age
and sex. In the gonads, E, was the major estrogen, but the
concentrations differed markedly between the sexes; E, exceeded
E; almost 10-fold in the ovaries and 2-fold in the testes. On the
average, the gonads of the infant girls had 5 times more E, and
2 times more E, than those of the boys. As in plasma, E,
concentrations were highest in the ovaries of 1- to 6-month-old
girls [median, 10.5 ng/g (38.5 pmol/g); range, 1.1-55.1 ng/g (4.0-
202.0 pmol/g)] and in testes of 1- to 3-month-old boys [median,

1.8 ng/g (6.6 pmol/g); range, 0.6-6.4 ng/g (2.3-23.5 pmol/g)].
Ovarian E, concentrations declined to less than 3.0 ng/g (11.0
pmol/g) by the end of the first year of life, and testicular E,
declined to less than 1.0 ng/g (3.7 pmol/g) after only 6 months
of age. Gonadal estrogen concentrations paralleled changes in
gonadal morphology. Ovarian weights varied in a pattern of rise
and fall similar to that of ovarian E, concentrations; the biggest
ovaries contained multiple macroscopic cysts. Testicular E,
closely correlated with Leydig cell development and testicular
testosterone concentrations. We infer, therefore, that the surge
of plasma E; in infant girls originates from ovarian follicles and
that of boys from testicular Leydig cells, and that these both
occur as a result of the postnatal surge in gonadotropin secretion.
The basal plasma E, and E, pool, however, is derived from the
adrenals and remains at a comparatively constant level in both
sexes. (J Clin Endocrinol Metab 65: 862, 1987)

URING the first months after birth, the secretion

of hypophyseal gonadotropins transiently in-
creases in infants in a sex-related manner (1). In boys,
plasma LH and FSH concentrations increase steeply a
few days after birth and by 1 month of age reach peak
values comparable to those in adult men. They then
decline rapidly and, by 4 months, reach levels character-
istic of normal childhood. The transient LH rise is fol-
lowed by striking elevations of testosterone in plasma
(2) and testes (3); the plasma levels reach the lower adult
range during the second or third month of life. In addi-
tion, plasma estradiol (E;) increases, although plasma
estrone (E,) changes little (4). In girls, there is a similar
postnatal rise of gonadotropins. However, while LH lev-
els return to low values in girls at the same time as in
boys, the rise in FSH levels is greater and more pro-
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longed, with the elevations lasting for 2-3 yr. Plasma E,
concentrations parallel the rise of FSH and can reach
midpubertal levels during the third or fourth month, and
the period of elevated E, lasts at least 1 yr. As in boys,
plasma E, is low and varies little postnatally (4, 5). To
determine the estrogen content of the different steroid-
producing glands in infancy and thus be able to make
inferences about the source(s) of plasma E, and E;, we
measured E; and E, concentrations in the gonads and
adrenals of boys and girls up to 2 yr of age.

Subjects and Methods
Specimens

Gonads were obtained postmortem from 50 girls and 64 boys
who were previously healthy and who died of the sudden infant
death syndrome or accident between birth and 2 yr of age.
Premature and small-for-date infants or boys with undescended
testes were excluded from the study. Both ovaries, but only 1
testis, of a subject were analyzed. Adrenals obtained from 18
female and 16 male infants were also studied. Many of the boys
were identical to those from whom testes or adrenals were
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taken for previous studies on androgen production (3, 6). The
time interval between death and autopsy was 4-36 h.

It is not certain whether the steroid content of gonads or
adrenals removed postmortem is the same as that in normal
glands in vivo. However, according to several reports (7, 8),
changes in steroid composition in postmortem gonads or adre-
nals occur only very slowly. In preliminary experiments we
found no change in the androgen and estrogen contents of an
adrenal homogenate kept at room temperature from 12-36 h
after death. Moreover, in this study we found no correlation
between the steroid concentrations in glands from infants of
the same age and the interval between death and autopsy,
indicating that this interval did not alter the results. Thus,
considering the difficulty in obtaining fresh glands from in-
fants, the use of autopsy material seems justified.

Testes were separated from the epididymides; all glands were
cleaned of adhering tissue, weighed, minced, and homogenized,
as described previously (3, 6). Homogenates were stored at —80
C until analyzed. The testicular weight was doubled to obtain
the total weight per pair.

Steroid determinations

E, and E, concentrations in tissue homogenates were deter-
mined in duplicate by RIA after chromatography on Sephadex
LH-20 according to the method previously described for plasma
(9). This method separated E, from E,, estriol, and other
interfering steroids. Recovery of tritiated E, and E, added to
each sample was between 60-75% and was taken into account
in calculation of the results. The antiserum used for both E,
and E, determinations had less than 0.05% cross-reactivity
with dehydroepiandrosterone, androstenedione, testosterone,
and all other nonphenolic steroids tested. The standard curves
for E, and E, ranged from 10-300 pg/tube (37-1100 fmol/tube).
The sensitivity of the assays, defined as twice the SD of water
blanks, was below 10 pg/mL (37 fmol/mL). Generally, 1 mL
diluted (1:5 to 1:200) homogenate was introduced into the assay.
The smallest steroid mass actually measured in the assays was
38 pg (140 fmol) and, thus, was clearly distinguishable from
zero. The interassay variability for the determination of E, and
E; was 12% for pooled plasma (n = 12) and 19% for pooled
gonadal and adrenal homogenates (n = 18).

Statistics

The data are expressed as the median and range for each age
group. Differences between age groups were compared by the
Kruskal-Wallis test (10). In two-sided tests, P < 0.05 was
considered significant.

Results

The size of gonads and adrenals changed markedly
during the first 2 yr of life. Paired ovarian weight (Fig.
1) was lowest during the first month after birth (median,
0.57 g/pair; range, 0.19-1.12 g/pair). It was highest (P <
0.01) in 1- to 6-month-old girls (median, 1.41 g/pair;
range, 0.36-4.2 g/pair), but then decreased and remained
low to the end of the second year (median, 0.95 g/pair;

range, 0.59-1.93 g/pair). Thus, the ovaries were largest
during the period of increased gonadotropin secretion.
Almost all ovaries contained visible cysts, which in some
2- to 4-month-old girls were up to 5 mm in diameter.

Testicular growth followed the pattern already de-
scribed in our previous study of a smaller number of boys
(3). The mean testicular weight increased steadily from
birth to 5 months from 0.55 to 1.41 g/pair and changed
little thereafter.

In contrast, mean adrenal weight in boys and girls
decreased from 8.1 g/pair at birth to 4.3 g/pair by 5
months of age. From then on, adrenal weight increased
by the end of the second year of life, but did not reach
neonatal values (6).

Figure 2 shows ovarian estrogen concentrations, ex-
pressed as nanograms per g wet tissue, plotted against
age. The age-related fluctuations of E; in the ovary
resembled those in the plasma of healthy infants (4, 5).
Maximum E, concentrations were found during the third
and fourth months. In girls 1-6 months of age, ovarian
E; concentrations [median, 10.5 ng/g (38.5 pmol/g);
range, 1.1-55.1 ng/g (4.0-202.0 pmol/g)] were signifi-
cantly higher (P < 0.005) than in girls 6-24 months old
[median, 2.4 ng/g (8.6 pmol/g); range, 1.4-22.1 ng/g (5.1-
81.1)]. On the average, 1 g ovarian tissue contained 400
times more E,; than 1 mL plasma (4, 5) from healthy
girls of the same age. E; was also detectable in all ovaries.
The concentrations were significantly higher (P < 0.01)
during the first 6 months of life [median, 1.1 ng/g (4.1
pmol/g); range, 0.3-4.4 ng/g (1.2-16.3 pmol/g)] than
from 6-24 months [median, 0.6 ng/g (2.2 pmol/g); range,
0.1-1.2 ng/g (0.4-4.6 pmol/g)]. On the average, E, was
100 times higher in the ovaries than in the plasma (4, 5)
of healthy girls of the same age. However, ovarian E,
concentrations averaged only 1/10th the concentrations
of ovarian E,, with the exception of the first days after
birth, when ovarian E; levels were at least half as high
as E; levels.

As in girls, the gonadal estrogen concentrations in
boys (Fig. 3) showed age-dependent fluctuations similar
to those in plasma. Testicular E; concentrations were
highest in 1- to 3-month-old boys [median, 1.8 ng/g (6.6
pmol/g); range, 0.6-6.4 ng/g (2.3-23.5 pmol/g)], de-
creased significantly (P < 0.01) in the group 3-6 months
of age [median, 1.0 ng/g (3.7 pmol/g); range, 0.8-2.0 ng/
g (2.8-7.2 pmol/g)], and from then to the end of the
second year were even lower (P < 0.005) than the levels
in the preceding age group [median, 0.7 ng/g (2.4 pmol/
g); range, 0.4-1.4 ng/g (1.4-5.1 pmol/g)]. During the first
2 yr of life, E; concentrations were about 100 times higher
in the testes than in the plasma of normal boys (4, 5).

E, concentrations in the testes averaged half of the E,
concentrations, and in only a few testes was E, equal to
E; or the predominant estrogen. Testicular E, levels were



JCE & M » 1987

864 BIDLINGMAIER ET AL.
Vol 65+ No 5
L]
4 | [¢]
» °
w o
3 | .
g .
o L ]
(o] L4 °
FiG. 1. Combined weight of paired ova- E‘;’ °
ries plotted against age during the first x 2 . o
2 yr of life. . . ®
w L]
L]
o o.{ [ L] [ Y o
- 3 N
ps °
(O] 1 F M b °
-_ ] L )
w . . L4 .
[ ] L I L]
3 . * hd . .
] e © °
[ ]
AGE O 1 2 3 4 5 6 7 8 9 10 M1 12 18 24
MONTHS
2
o ° O Estrone
£ 50t ¢ e Estradiol
z y
O 3s5%
.
g
[+ 4
; 30} ° .
w
(8]
Z 25¢}
Fi1G. 2. Individual ovarian estrone (O) 8 . ° o
and estradiol (@) concentrations plotted 20}t L] °
against age (nanograms per g wet tissue). 4 L4
Conversion factors: E, ng/g X 3.699 = (“; ° .
pmol/g; Ez, ng/g X 3.671 = pmol/g. o 15t °
E ® hd ° A
» o, : *y
w 10} o ° s ° s
o o ° L4 °
2 ®
< 5} © ., . H
= .
5 24 % o, ® %0 o « . e o o
> 41 e O 88 © o 8 3 .30 %0 o d
o N ° N O. o g 08 °© L 0P A N  a S0.0 ? “ <
AGE 0 1 2 3 4 5 6 7 8 9 10 11 12 18 24
MONTHS

highest in the 1- to 3-month-old group [median, 0.8 ng/
g (2.8 pmol/g); range, 0.3-2.1 ng/g (1.2-7.7 pmol/g)],
lower, though not significantly so between months 3 and
6 [median, 0.6 ng/g (2.2 pmol/g); range, 0.2-1.3 ng/g
(0.7-4.8 pmol/g)] and lowest (P < 0.02) after the age of
6 months to the end of the second year [median, 0.3 ng/
g (1.2 pmol/g); range, 0.1-1.0 ng/g (0.3-3.7 pmol/g)]. On
the average, testicular E, concentrations were 50 times
those in plasma from normal boys (4, 5).

When we compared testicular estrogen concentrations
with the respective androgen levels, determined in a
previous study (3), we found a closer correlation between

E. and testosterone (P < 0.001) and between E; and
androstenedione (P < 0.001) than between E; and tes-
tosterone (P < 0.05) of E; and androstenedione (P <
0.05). Comparison of the estrogen concentrations in fe-
male and male gonads revealed roughly 5 times higher
E; and 2 times higher E, concentrations in ovaries than
in testes.

Adrenal estrogen concentrations did not significantly
change with age, and no significant sex difference was
found. Therefore, the results were combined. For infants
from birth to 2 yr of age, the respective estrogen concen-
trations in the adrenals were: E,: median, 3.0 ng/g (10.9
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pmol/g); range, 1.2-5.3 ng/g (4.4-19.5 pmol/g); and E;:
median, 2.8 ng/g (10.4 pmol/g); range, 1.1-4.8 ng/g (4.1-
17.7 pmol/g; P = NS). The estrogen concentrations in
the adrenals were 200-400 times higher than those in
plasma and 2-3 times higher than those in testicular
tissue; they were only exceeded by the E, concentrations
in the ovaries during the first 6 months of life.

Figure 4 compares the total estrogen content of adre-
nals and ovaries or testes, respectively, calculated from
paired weights and tissue concentrations. Because the
time pattern of gonadotropin secretion differs for male
and female infants, the age groups were different for each
sex. While the marked fluctuations in ovarian estrogen
content are due to changes in both organ weight and
tissue concentrations, the fluctuations in adrenal estro-
gen content merely reflect the remarkable changes in
adrenal weight caused by the rapid postnatal involution
of the fetal zone and the slow growth of the definitive
zone of the adrenal cortex.

Discussion

Although measuring the glandular hormone concen-
tration does not necessarily indicate how much each
gland contributes to hormone production, our results
allow some conclusions concerning the relative impor-
tance of the gonads and adrenals to estrogen production
in infant boys and girls. The adrenal estrogen content
was high, and no sex difference in adrenal estrogen
content was found. These results suggest that the adrenal
contribution to the circulating estrogen pool is the same
for both sexes, that adrenal secretion accounts for most

of the basal plasma estrogen pool, and that the gonads
are the source of the transient elevations in plasma E,
and E; and the sex differences found in the first year of
life. These differences disappeared during the second
year of life, when gonadal activity becomes quiescent for
the remaining prepubertal period.

It is well known that in adults the adrenals play an
important part in the production of estrogens, especially
E; (11-13), because they are the source of its major
precursor, androstenedione. E, arises almost exclusively
from extraglandular formation due principally to periph-
eral aromatization of adrenal androstenedione, and there
seems to be no direct adrenal estrogen secretion (13). We
found, in contrast, that in the adrenal tissue of infants,
E; and E, were present in equal concentrations. Since
the adrenal concentrations exceeded by some 100 times
the plasma concentrations in normal infants, these es-
trogens must have been formed directly by the adrenals.
Whether this is true at all stages of life or is just a
peculiarity of infancy is not known, and we cannot with
certainty exclude its being only a postmortem artefact.

The main gonadal estrogen in adult men and women
is E; (13-16). Correspondingly, we found markedly more
E, than E, in infant ovaries and testes. In seven adult
men, Leinonen (17) found mean testicular E, and E,
concentrations of 4.2 ng/g (15.4 pmol/g) and 0.5 ng/g
(1.9 pmol/g), respectively. These values approximate the
concentrations we found in the testes of 1- to 3-month-
old boys. Comparison of the testicular estrogen concen-
trations with previous studies of testicular morphology
(18, 19) and function (1-5) in infancy reveals a close
relationship between testicular and plasma E, and tes-
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tosterone, Leydig cell development, and, above all,
plasma gonadotropins. Thus, it is reasonable to assume
that Leydig cells stimulated by gonadotropins are the
direct or indirect source of the E, surge in infant boys.
The fact that testicular E; and E, concentrations were
50-100 times higher than the plasma concentrations in
normal boys suggests direct E, and E, secretion by the
testes. This does not exclude the possibility that, as in
adults (13), an important quantity of circulating estro-
gens arise from peripheral aromatization of androgens.
As reported previously, the testes of 1- to 3-month-old
boys form and secrete large amounts of androgens (2, 3),
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which may serve as substrate for the aromatase enzyme
in extraglandular tissue.

In the ovaries of premenopausal women, Dawood and
Khan-Dawood (20) found 5 times more E, than E,, and
the concentrations of both estrogens varied in the differ-
ent ovarian compartments, being 10 times higher in
corpora lutea than in stroma. The concentrations in the
whole ovaries of infants were similar to these stromal
levels and, in 2- to 4-month-old girls, exceeded them.
McNatty et al. (21) measured estrogens in follicular fluid
throughout the menstrual cycle. In immature follicles
smaller than 8 mm, they found estrogen concentrations
similar to those we found in whole ovaries of 2- to 4-
month-old girls. However, as the follicles matured, the
follicular fluid concentrations increased.

In vitro, the infant ovary responds to gonadotropins
by increasing steroid production (22). In patients with
true precocious puberty, gonadotropins can cause a rapid
increase in estrogen production, even in very young girls,
In normal infant girls, the postnatal surge of plasma
gonadotropins (1) obviously reaches the ovary and stim-
ulates it, as indicated by the transient elevation of plasma
E;, described previously (4) and confirmed by the
changes in ovarian morphology and estrogen content
described herein. The ovarian growth curve peaked dur-
ing the period of high gonadotropin levels, i.e. between 1
and 6 months of age, and the largest ovaries had the
most advanced follicular development and, at the same
time, the highest estrogen concentrations. Even before
estrogens and gonadotropins could be measured in chil-
dren, Kraus and Neubecker (23) concluded that pituitary
gonadotropins act on the infant ovary and incite follic-
ular development and estrogen synthesis. The occurrence
of Graafian follicles in juvenile ovaries from infancy
onward has been described as a normal finding (24-26).
According to Polhemus (26), follicular development in-
creases after birth and is most marked at 4 months of
age, after which it declines again.

The parallels in the time sequence between hormonal
and morphological changes in the hypophyseal-ovarian
system suggest that the changes in ovarian morphology
and function during infancy are strongly dependent on
gonadotropin secretion. It has been suggested that in
infant boys, transient activation of the testes is impor-
tant in promoting tubular growth and germ cell matu-
ration (3, 27). Likewise, it is conceivable that in infant
girls, transient activation of the ovaries plays a role in
the maturation of primordial follicles and their reduction
in number.
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