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Studies of the Pituitary-Leydig Cell Axis
in Young Men with Hypogonadotropic Hypogonadism
and Hyposmia: Comparison with Normal Men,
Prepuberal Boys, and Hypopituitary Patients

C. WAYNEBARDIN, GRIFF T. Ross, ARLEENB. RPIaND, CHAUURSM. CARGILLE, and
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A B S T R A C T Pituitary and gonadal function was stud-
ied in seven chromatin-negative men, ages 15-27 yr,
with retarded sexual and somatic development, skeletal
anomalies, and hyposnmia. These hyposmic patients were
compared with normal men, prepuberal boys and hypo-
gonadal patients with hypopituitarism. The urinary
follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) levels of hyposmic subjects were the
same as those of normal boys and hypopituitary patients
but significantly lower than those of normal men. Clomi-
phene citrate did not cause an increase in plasma FSH
and LH levels in either hypogonadal group as it does in
normal men. In contrast to hypopituitary patients, thy-
roid and adrenocortical function and release of growth
hormone in the hyposmic subjects were normal. The
plasma testosterone levels were equally low in pre-
puberal, hypopituitary, and hyposmic patients but were
increased to a greater extent by human chorionic
gonadotropin (HCG) treatment in prepuberal and hypo-
pituitary subjects than in the hyposmic patients. Pro-
longed treatment with HCGhas failed to return plasma
testosterone levels to normal in two hyposmic patients.
These observations suggest that there are defects of both
pituitary and Leydig cell function in men with the syn-
drome of hypogonadism, skeletal anomalies, and hypos-
mia. They have impaired secretion of FSH and LH and
a Leydig cell insensitivity to gonadotropin.

A preliminary report of this work was presented at the
combined meeting of The American Society for Clinical In-
vestigation and The American Federation for Clinical Re-
search, 5 May 1968.
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INTRODUCTION
Defective olfaction has been noted in patients with hypo-
gonadotropic hypogonadism for many years. This asso-
ciation has been reported in individual patients (1) and
in members of several kindreds (2-4). Despite the early
recognition of patients with these signs, only with the
recent development of precise methods for estimation of
plasma androgens and gonadotropins have studies of the
pituitary-Leydig cell axis of these patients been possible.
To better understand this type of hypogonadism, the
dynamics of gonadotropin and testosterone secretion
were studied in seven males with hypogonadotropic hypo-
gonadism and hyposmia. Comparable studies were car-
ried out in normal men and in two other groups of hypo-
gonadal subjects: "normal" prepuberal boys and patients
with hypopituitarism.

METHODS
Methods were as follows: total urinary gonadotropins (5);
urinary 17-hydroxysteroids (6); plasma cortisol (7); plasma
leutinizing hormone (LH) (8); plasma follicle-stimulating
hormone (FSH) (9); plasma growth hormone (10); and
plasma testosterone (11). Urinary FSH and LH excretion
were measured in normal men and children by bioassay (12,
13) of extracts of large pools of urine (14). Since we
showed subsequently that LH and FSH activity in urine
extracts could be estimated by radioimmunoassay (9, 15)
on aliquots of a single 24 hr collection, we measured the
urinary LH and FSH excretion of hypopituitary and hypos-
mic patients by radioimmunoassay.

The sensitivity of LH and FSH radioimmunoassays are 6
and 4 in mIU/ml respectively.' As a consequence, potency

'Plasma and urinary LH and FSH levels are expressed in
terms of milliInternational Units of the Second International
Reference Preparation of human menopausal gonadotropin
(IRP 2 HMG). For plasma values, 1 IU of IRP 2 HMGis
equivalent to 50 and 21 ,Ag of LER 907, for FSH and LH
respectively.

2046 The Journal of Clinical Investigation Volume 48 1969



estimates at low levels of LH and FSH in plasma are not
reliable. In plasma a 20% difference is needed to distinguish
(P < 0.05) two values (LH or FSH) from one another.
Mean plasma FSH concentrations in samples from 30 normal
men were 9.6 mIU/ml with 95% confidence limits of 8.0-
11.1 mIU/ml. Mean LH concentrations in samples from 27
of them was 17.8 mIU/ml with 95% confidence limits of
15.7-19.9 mIU/ml.

Tests of hypothalamic-pituitary and testicular function
were performed as follows: a bacterial pyrogen' was given
intravenously at 0.6 Ag/kg and blood obtained at 0, 1, 2, and
4 hr. A normal response is defined as a doubling of plasma
cortisol concentrations and an increase of plasma growth
hormone to greater than 10 mug/ml (16). Arginine' (500
mg/kg) was infused for 0.5 hr and plasma obtained at
30-min intervals for 1.5 hr after the end of the infusion.
In normal subjects plasma immunoreactive growth hormone
levels increased to 10 mig/ml or more (17). Insulin, 0.1
U/kg intravenously in normal subjects, increased plasma
growth hormone to at least 10 mug/ml when the blood sugar
decreased 50%o. Clomiphene citrate was given by mouth
200 mg daily for 6 days and induced mean increases of 160
and 130%o in plasma LH and FSH levels respectively in
normal men (18, 19). Human chorionic gonadotrophin
(HCG), (APL, Ayerst Laboratories, New York), 4000 U
intramuscularly daily for 4 days, caused at least a 100%
increase in plasma testosterone levels in normal men (20).
Metyrapone, 750 mg every 4 hr, caused a doubling of
urinary 17-hydroxycorticoids in normal subjects. Except for
the last, these tests have been standardized in this labora-
tory in normal men, ages 21-45 yr.

Hyposmic patients. Seven male subjects, ages 15-27 yr,
with hyposmia and hypogonadism were studied. They were
referred to our clinic because of retarded sexual develop-
ment and a eunuchoidal habitus. All had clinically evident
hyposmia, and there was difficulty with recognition of a
variety of substances such as coffee, wintergreen, and cloves.
Two subjects had nerve deafness, and one of them was
color-blind. The karyotype was 46, XY and the nuclear sex
was chromatin negative in all seven subjects. Short fourth
metacarpals were present by X-ray examination in four
patients. The testes were either high in the inguinal canal or
within the abdomen in four of the patients. Testicular biopsy
was performed in all patients. The hyposmic patients had no
family history of hypogonadism, and from a total of 15
siblings (10 sisters, five brothers), six women and two men
were fertile. Pertinent clinical and laboratory features of
each case are given in the Appendix and in Table I.

Hypopituitary patients. Eight patients (ages 6-47) with
presenting complaints of growth failure, hypogonadism, or
suspected pituitary tumor were referred to the Endocrinology
Clinic. Each was clinically hypogonadal, had low urinary
gonadotropin titers, and either low basal levels or defective
release of at least one other pituitary hormone (Table II).
Studies of gonadal function were performed when the pa-
tients were receiving necessary adrenal or thyroid replace-
ment therapy.

"Normal" boys. Five prepubertal boys were evaluated
because of short stature or cryptorchidism. Anterior pituitary
function was normal, and the hypogonadism was judged to
be compatible with the prepubertal state. Although these boys

'Piromen, purified Pseudomonas polysaccharide pyrogen,
Travenol Laboratories, Morton Grove, Ill.

3Bulk 1, arginine-HCl from Schwarz Bio Research, Inc.,
was prepared in concentrations of 12.5 g/100 ml of hypotonic
Ringers solution.

are not representative of the normal population, they have
been included for comparison with the other hypogonadal
groups. Pertinent clinical and laboratory findings are pre-
sented in Table III.

RESULTS
Studies of gonadotropin secretion. Urinary LH and

FSH excretions in hyposmic patients (LH, 0.88 +-0.24,
SE; FSH, 1.5 ±0.39 IU/liter) were significantly less
(P < 0.01) than those of normal men (LH, 4.7 +0.6;
FSH, 5.6 +-1.0 IU/liter) (Fig. 1). The gonadotropin
concentrations in urine of normal children (LH, 0.44
+-0.7; FSH, 2.2 ±0.4 IU/liter) and hypopituitary pa-
tients (LH, 0.65 +-0.3; FSH, 1.5 -+-0.63 IU/liter) were
the same as those of the hyposmic patients. No single
estimation of urinary LH or FSH from any of these
three groups of hypogonadal subjects was in the range of
eugonadal adult men. Plasma LH and FSH concentra-
tions for hyposmic and hypopituitary patients ranged
from below the sensitivity of the assays into the normal
range (Tables I and II). It is thus apparent that with
the techniques employed in this study, the hypogonadal
groups were distinguished from normal men by specific
urinary rather than plasma gonadotropin assays.

When clomiphene citrate was given to these patients,
plasma LH increased in only one hyposmic and one

hypopituitary subject (Figs. 2 and 3), and these in-
creases were less than normal. Plasma FSH was not
increased by clomiphene in either group (Figs. 2 and
3). Therefore, adult men were distinguished from the
hypogonadal subjects by the response of plasma gonado-
tropins to clomiphene.

Studies of plasma testosterone. In normal men plasma
testosterone levels range from 0.4 to 1.0 .ug/100 ml mean

(0.73 +0.05 SE, l&g/100 ml) and increase 100% during
HCGadministration. In Fig. 4 the response of plasma
testosterone to HCGin hyposmic subjects is compared
with that of normal men. In six of the seven hyposmic
subjects the plasma testosterone levels ranged between
0.02 and 0.04 Ag/100 ml and increased only slightly with
HCG(Fig. 4). In one hyposmic patient (No. 4) the con-
trol plasma testosterone level was 0.2 ug/100 ml and in-
creased to control normal with HCG. This patient was
the only one whose LH level increased slightly in re-
sponse to clomiphene (see Appendix, patient No. 4).

Although testosterone response to HCG in hyposmic
patients was significantly less than normal, it seemed
pertinent to compare the HCGresponsiveness in these
subjects with that of other hypogonadotropic patients
(Figs. 5 and 6). "Normal" boys had control plasma tes-
tosterone levels comparable to those of the hyposmic
subjects and in the range for prepuberal boys reported
by others (21). The mean increase of plasma testosterone
during HCG administration was significantly greater
(P < 0.05) in normal boys (0.33 ±0.04 [SE] Ag/100 ml)
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TABLE I
Clinical and Laboratory Features of Patients with

Urinary
Bone Total urinary

No. Patient Age Age Height Span Bony anomalies conadotropins LH FSH

yr yr cm cm MU/day* IU/liter IU/liter

1 J. S. 15 12.5 154 151 - <10 (1) -

2 D. F. 18 14.5 150 155 Short 4th metacarpals <10 (3) 1.2 ±0.1 0.35 +0.02
Spina bifida >10 < 50 (1)
Hypoplasia 1st rib

3 H. C. 20 16 164 178 Short 4th metacarpals <10 (3) 0.95 40.08 2.1 ±0.1

4 P. H. 21 16 141 147 Short 4th and 5th <10 (4)
metacarpals >10 < 50 (2)

5 N. XV. 22 16 184 186 Short 4th metacarpals <10 (1) 1.2 ±0.2 2.0 ±0.1

6 R. S. 23 20 170 175 Fibrous dysplasia of <10 (3)
sphenoid >10 < 50 (1) 0.18 ±0.01 1.3 40.1

7 H. R. 27 15 172 173 Osteoporesis <10 (16) _ -

> 10 < 50 (6)
Normal men 50-200 4.7 ±0.6 5.6 ±1.0

LH, leuteinizing hormone; FSH, follicle-stimulating hormone;
arginine tolerance test; PBI, protein-bound iodine test.
* Number of days at this level.
t These patients had a normal response to metyrapone.
§ Normal response given in Methods.

and in hypopituitary patients (0.40 ±0.16)' than in
hyposmic subjects (0.09 ±0.04) (Fig. 5). Even though
the hyposmic patients were similar to normal boys with
respect to gonadotropin excretion and other tests of
pituitary function, their Leydig cells were relatively
insensitive to acute HCGadministration.

Six hyposmic patients were treated with HCG(2000-
12,000 IU/wk) for 3-8 months (See Appendix). Pa-
tient Nos. 2 and 5 had no objective clinical response to
prolonged HCG treatment, and in patient No. 5 the
plasma testosterone level rose to only 0.23 Ag/100 ml
after 5 months of therapy.! Patient Nos. 3 and 6 had
minimal clinical responses to long term HCG, and
plasma testosterone levels increased to 0.038 Ag/100 ml
in patient No. 6 during this therapy. Patient Nos. 1 and
7 had good clinical responses to HCGtreatment on more
than one occasion, but plasma testosterone levels are not
available.

Histopathological studies. Histologic features of the
testes of the hyposmic patients were similar to those of
prepubertal boys. In five patients histological examination

' Since the variances of the two groups were different a
logarithmic transformation was employed to reduce variance
and permit statistical evaluation of the means.

Plasma testosterone levels after long-term HCG were
determined by Dr. Marvin Kirschner.

C, control; P, Piromen test; ITT, insulin tolerance test; ATT,

revealed small seminiferous tubules which were lined by
Sertoli cells and spermatogonia. In patient No. 5 there
were a few primary spermatocytes. In patient No. 3
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FIGURE 1 Urinary leuteinizing hormone (LH) and follicle-
stimulating hormone (FSH) levels in normal men and three
groups of hypogonadal suspects. Mean +2 SE. The values for
normal men and children have been reported previously (14).
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Hypogonadotropic Hypogonadism and Hyposmnia

Plasma LH Plasma FSH Plasma test- Plasma
osterone Plasma growth hormone cortisol

Clomi- Clomi-
C phene C phene C HCG C P ITT ATT C P PBI

mIUImi mIUImI pg/100 ml mpg/ml pug/100 ml Ag/
100 ml

14 X- 0.05 0.08 - - 6t - 6.6

8 8 4 5 0.03 0.05 4 11 22 - 4 23 5.7

11 10 5 4 0.06 0.09 6 18 -- 9 28 5.5

11 15 <6 <6 0.20 0.49 2 21 - 5 21 6.3

<6 <6 <6 <6 0.05 0.08 4 18 - 4t 20 6.0

12 9 7 <6 0.02 0.13 1 21 10 20 10 21 7.3

6 6 4 4 0.04 0.08 1 10 10 12 5: 13 7.4

§ § 0.70 § 0-6 § § 5-15 § 4-8

spermatogenesis was more advanced with normal num-
bers of spermatocytes and rare spermatozoa. In all
patients Leydig cells were either rare and poorly devel-
oped or unidentifiable. A typical biopsy specimen is
shown in Fig. 7.

DISCUSSION
According to De Morsier defective olfaction accompany-
ing hypogonadism was noted as early as 1850 (22). In
1944 Kallman and associates (2) reviewed the earlier
reports of this association and emphasized its hereditary
aspects by describing three involved kindreds. Some of
the patients described by these investigators had color
blindness, synkinesia, mental retardation, and nerve deaf-
ness in addition to anosmia and hypogonadism. In recent
years additional kindreds and individual patients with
hypogonadism and defective olfaction have been reported
(1, 3, 4). In the present series, no family history of
hypogonadism could be elicited, but a high incidence of
extragenital and extragonadal anomalies were noted.
All our patients had hyposmia (rather than anosmia) as
did the members of the family described by Henkin (23).
In addition to this sensory defect, color blindness and
nerve deafness were present in two. Four patients had
undescended testes, and four had short fourth meta-
carpals.

In addition to the hyposmic patients described above
there are several syndromes-in which secondary hypo-
gonadism may occur in association with a variety of
neurological and somatic abnormalities. In the Laurence-
Moon Biedl syndrome, mental retardation, retinitis pig-
mentosa, and many other anomalies occur in a familial
pattern with hypogonadotropic hypogonadism (24, 25).

40

- 30
E

E 20

PLASMA LH PLASMA FSH
I

Ic

0 2 4 6 0 2 4- 6
CLOMIPHENE TREATMENT (Days)

FIGURE 2 The plasma levels of LH and FSH in hyposmic
patients before and during administration of clomiphene.
The range of the responses in normal men are given by the
shaded areas.
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TABLE I I
Clinicalfand Laboratory Features

Total urinary
No. Patient Age Diagnosis Clinical features gonadotropins

MAU/day*

Urinary

LH FSH

lU/liter IU/liter

8 R.L. 6 Histiocytosis-X

9 L. D. 14 Idiopathic hypo-
pituitarism

10 R. P. 15 Idiopathic hypo-
pituitarism

11 R. K. 16 Chraniopharan-
gioma

12 IR. M. 16 Idiopathic hypo-
pituitarism

13 C. A. 23 Suprasellar tumor

14 L. V. 46 Pituitary tumor

15 J. M. 47 Pituitary tumor

Diabetes insipidus
Growth failure

Short stature

Short stature

Diabetes insipidus
Short stature

Short stature

Short stature
Hypogonadism

Hypogonadism
Visual field defect

Hypogonadism

<10 (4)
>10 < 50 (2)

<10 (5)
>10 < 50 (1)

<10 (3)
>10 < 50 (1)
>50 < 200(1)

<10 (4)
>10 <50 (8)
>50 <200(1)

<10 (2)

<10 (3)
>10 < 50 (1)

<10 (1)
>10 < 50 (8)
>50 < 200(3)

>10<50 (4)
>50 < 200(3)

1.3 40.2 3.4 40.2

0.02 ±0.01 0.48 ±0.04

0.94 4±0.14 1.2 ±0. 14

0.35 ±0.08 0.92 ±0.03

C, control; HCG, human chorionic gonadotrophin; P, Piromen test; ITT, insulin tolerance test; ATT, orginine tolerance test;
PBI, protein-bound iodine test.
* Number of days assayed at this level.
t Normal response to metyrapone.

Similarly, familial cerebellar ataxia has been associated
with nerve deafness and secondary hypogonadism (26,
27). Although not described as part of cerebellar ataxia
or the Laurence-Moon-Biedl syndrome, short fourth
metacarpals were present in the X-rays of such patients
(24, 27). Hypogonadotropic hypogonadism has also been
associated with other familial diseases such as diabetes
mellitus and hyperlipemia (28). Even though patients
with gynecomastia, hypoandrogenization, and low go-
nadotropin excretion may have a primary defect of
gonadotropin production, increased blood estrogens could
also produce these same clinical and laboratory findings
(29); a clomiphene stimulation test should be useful in
this distinction. To further add to the heterogeneity of
these syndromes, primary hypogonadism has also been
described in patients with Laurence-Moon-.Biedl syn-
drome (29) and familial ataxia (30).

Kallman et al. (2) felt that the most reasonable
genetic explanation for the association of gonadal and
other developmental defects in eunuchoidal patients was
breakage and partial translocation of the X chromosome

not determinable by morphological examination. Such a
defect could affect not only the genes carried on the X
chromosome but also genes controlling sex- via the auto-

PLASMA H-I PLASMA FSH

30 E j

E

CLOMIPHENE TREATMENT (Days)

FIGuRE 3 The plasma levels of LH and FSH in hypo-
pituitary patients before and during clomiphene administra-
tion. The range of the responses in normal men are given
by the shaded areas.
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of Hypopituitary Patients

Plasma LH Plasma FSH Plasma test- Plasma
osteron Plasma growth hormone cortisol

Clomi- Clomi-
C phene C phene C HCG C P ITT ATT C P PBI

mIU/ml mIU/ml Ag/100 ml mgg/ml Ug/10O ml AgI
100 ml

- < 6.5 0.02 0.16 8 4 5 4 4 12 7.8

14 18 4 5 0.01 1.53 2 1 2 2 2 3.0

10 10 4 3 0.07 0.63 1 3 2 2 7 12 3.1

8 <11 4 4 0.02 0.12 2 3 3 2 1 3 3.0

11 11 7 4 0.06 0.17 10 8 - 10 27 5.4

<6 <6 7 <6 0.07 0.14 1 1 - 1 13 27 4.0

<11 <11 8 6 0.12 0.34 1 1 2 2 8 5 6.5

6 6 6 5 0.20 0.70 <1 < 1 3 8t 23 2.9

somes. While this theory is applicable to many of the
pedigrees of hypogonadism with defective olfaction and
probably to the Laurence-Moon-Biedl syndrome, it may
also explain cases such as these accumulated in the
present report. Rigorous examination of this postulate in
our patients is not possible, since other members of the
kinships are not affected. However, it is noteworthy that
chromosome number and morphology were normal in
our subjects. Although this has been noted by others,
our studies emphasize that sporadic cases of hypo-
gonadism associated with hyposmia and somatic anoma-
lies can occur in the absence of a family history.

Gonadotropin excretion. The onset of puberty is
marked by an increase in gonadotropin and gonadal
steroid secretion with subsequent development of sec-
ondary sexual characteristics. Therefore the clinical
diagnosis of hypogonadotropic hypogonadism cannot be
made until after the expected age of puberty, since
children are by definition hypogonadal and hypogonado-
tropic. Although boys may undergo normal secondary
sexual development after age 20, clinical and laboratory
features associated with hypogonadism may be noted

by age 17, if puberty does not occur (31, 32). These
features include eunuchoidal body proportions, delayed
bone age, small soft testes, and decreased development of
androgen-dependent tissues and organs. In addition to
these signs which are attributed to hypogonadotropism
per se, our patients had hyposmia, bony anomalies, and
cryptorchidism. These latter features make possible a
presumptive diagnosis of hypogonadotropic hypogonad-
ism even before the expected age of puberty.

Despite the clinical usefulness of the total gonadotropin
assay it is inadequate for easy quantification at low lev-
els. Recently the LH and FSH excretion of children has
been determined by both bioassay and radioimmunoas-
say. These two assays gave comparable results and indi-
cated that the concentrations of LH and FSH in the
urine of normal children is one-tenth and one-half as
much as that in normal adult males, respectively (9, 14,
15). From our limited experience with hypogonadal
subjects we would conclude that the urinary concentra-
tion of LH and FSH in some hypopituitary and hypos-
mic patients may be the same as those of normal chil-
dren. Furthermore it is apparent that the hyposmic pa-
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TABLE III
Clinical and Laboratory Features of "Normal" Boys

Plasma testosterone
Bone Total gonado-

No. Patient Age age Height Weight tropins Control HCG Clinical features

yr yr cm kg MU/24 hr pg/100 ml j.g/1OO ml

16 J. T. 7 5 123 21 <10(1)* 0.04 0.17 Turner's phenotype (short
stature, web neck)

17 K. P. 8 8 126 30 <10(3) Hypotonia
>10(1) 0.02 0.28 Mental retardation

Cryptorchidism
18 R. N. 8 4 115 21 <10(4) 0.03 0.20 Short stature
19 D. D. 9 5 124 31 <10(1) 0.03 0.41 Short stature
20 G. V. W. 10 10 140 45 <10(6) 0.04 0.23 Small right inguinal testis

>10(4)

* Numbers of days assayed at this level.

tients cannot be distinguished from boys with delayed
puberty on the basis of gonadotropin excretion.

Clomiphene citrate, an analogue of the nonsteroidal
estrogen chlorotrianisene, increases LH and FSH se-
cretion in normal but not in hypopituitary men (18, 19).

2.or
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E 1.40
0
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z
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. 0
U)
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U)
LiH 0.8

< 0.60i

0. 4

O.2

HCG TREATMENT-DAYS

FIGURE 4 Plasma testosterone levels in hyposmic patients
(solid lines) before and after human chorionic gonadotropin
(HCG) administration. The range in normal men is given
by the shaded area.

It was therefore pertinent to investigate the effect of
clomiphene on the plasma gonadotropin levels of the boys
with hyposmia and hypogonadism. In five patients with
low plasma testosterone levels increases of plasma LH
and FSH were not observed, whereas patient No. 4
(plasma testosterone, 0.2 ,g/100 ml) had a definite in-
crease of plasma LH during clomiphene. These observa-
tions are in keeping with one theory proposed for
clomiphene action which states that an antiestrogen (or
antiandrogen) increases gonadotropin secretion by inter-
rupting the negative feedback of gonadal steroids on the
central nervous system. Since the hyposmic subjects

0.6_

E 0.5_
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z /
o /

Z / /

00.3 /

w / -//
E-/ / '-// o

40.2 / ' -
X ~~/ --- -.-
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HCG TREATMENT- DAYS

FIGURE 5 Plasma testosterone levels in hyposmic patients
(solid lines) and "normal" boys (hashed lines) before and
after HCGadministration.
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FIGURE 6 Plasma testosterone levels in hyposmic (solid
lines) and hypopituitary patients (hashed lines) before and
after HCGadministration.

have not developed the normal negative feedback system,
the low testosterone level fails to elicit an appropriate
increase in plasma gonadotropins, and further interrup-
tion of androgen action on the brain by clomiphene does
not facilitate LH and FSH secretion.

The hyposmic patients we have described have hypo-
gonadotropism without any other detectable anterior
pituitary hormonal deficiency. Whether the gonadotropin
deficit is the result of an isolated pituitary abnormality
or a defect in the central nervous system is not known
with certainty. There is no direct evidence to suggest
that an intrinsic abnormality of the gonadotropin-
producing cell of the pituitary is responsible for the
hypogonadotropism. Alternatively, the association of ab-
normalities in the central nervous system and hypo-
gonadotropism suggests that they could be causally re-
lated. In this regard hypoplasia of the hypothalamus and
mammillary bodies has been reported in several autop-
sied cases (33), but in these patients other parameters
of pituitary function were not carefully assessed. Fur-
thermore, the association of hypogonadotropism with
hyposmia is even more intriguing since olfaction is
necessary for sexual attraction and arousal in many
species. The olfactory apparatus is phylogenetically part

of the rhinencephalon, and the amygdaloid nuclei in
this portion of the brain may be important for controlling
the onset of puberty (34, 35). Thus a diffuse abnormality
of rhinencephalic function could relate hyposmia and
hypogonadotropism. However, the occurrence of hy-
pogonadotropic hypogonadism alone and in association
with a variety of other neurological defects indicates
that the gonadotropin deficiency may occur independent
of the hyposmia. Thus it would appear that an exact
neuroanatomical correlation between an affected area
of the brain and hypogonadotropism has not been
established.

Testosterone secretion. During fetal life the testes
secrete an androgen which is responsible for development
of the external genitalia of the male. The presence of a
normal phallus and scrotum in each of the hyposmic boys
suggests that the gonad was active during fetal life.
During the 1st yr of life the Leydig cells which are
present at birth in the normal testes regress and are not
usually recognizable histologically again until the time
of puberty. The testes of patients with hypopituitarism
and of the hyposmic boys were morphologically similar
to those of the child, since Leydig cells were identified
with difficulty. Reduced or "absent" Laydig cells is a
common finding in patients with hypogonadotropic hy-
pogonadism (31).

HCGhas been used for many years as a test of Leydig
cell function and for the treatment of secondary hypo-
gonadism in man. Its efficacy is due to its ability to
stimulate testosterone production (20). Several investi-
gators have also shown that HCGcan increase testos-
terone excretion in children (36-38). Stuiver, Thijssen,
and Van der Molen (39) demonstrated a uniform in-
crease in the plasma testosterone of boys (age 15-17 yr)
with "delayed puberty," but there was a more variable
response in hypopituitary patients. While it is impos-
sible to compare quantitative results from two labora-
tories, it is noteworthy that these results are quali-
tatively similar to those obtained in our normal and hy-
popituitary patients. In the present study the response
of the Leydig cells of three groups of hypogonadotropic
subjects were compared. As a group the hyposmic boys
were less responsive to 4 days of HCGthan were the
normal boys and hypopituitary patients.

Kallman et al (2) indicated that three of their pa-
tients with hypogonadism and anosmia failed to respond
clinically to HCG administration, and there is brief
mention of similar observations by several other in-
vestigators (1, 40, 41), including a patient with
Laurence-Moon-Biedl syndrome (24). Some of these
reports are difficult to evaluate since no data are avail-
able to indicate that the gonadotropins administered
produced a response in normal subjects. By contrast,
Wieland, Folk, Taylor, and Hamwi (42) demonstrated,
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FIGURE 7 a Photomicrograph of normal testis from normal 28 yr old man
H and E, X 150. b Photomicrograph of testis from a patient (No. 5) with
hypogonadotrophic hypogonadism and hyposmia. Note spermatogenic arrest
and absence of Leydig cells. H and E, X 150.

by urinary testosterone excretion, that a patient with
hypogonadism and gynecomastia responded less well to
HCGthan did two controls. In the present report the
comparative studies of the plasma testosterone response
to HCGprovides the first quantitative evidence that the
Leydig cells of hypogonadal boys with hyposmia are
relatively insensitive to gonadotropins. The data avail-
able suggest that unresponsiveness of the Leydig cells in
these patients is not a function of hypogonadotropism
per se, since children and hypopituitary patients with
similar gonadotropin levels showed a better response
to HCG. Furthermore, some hyposmic patients failed to
respond either clinically or with a normal testosterone
increment to prolonged HCGadministration. These ob-
servations are particularly significant since HCGtreat-
ment of prepuberal boys for 15 days increased plasma
testosterone levels into the range of normal adult men
(38). It would thus appear that the Leydig cell insensi-

tivity represents a heretofore unemphasized gonadal ab-
normality in patients with hyposmia and hypogonadism.
These patients may therefore have defects of both ends
of the pituitary-Leydig cell axis manifested by hypo-
gonadotropism and gonadotropin unresponsiveness.

APPENDIX

Patients with hyposmia and hypogonadism
Patient 1. J. S. had undescended testes at birth. He

received injections of HCGat age 3 and 9 yr, and his left

testes descended. At age 15 yr he was again treated by his
referring physician with HCG, 1500 IU three times weekly
for 4 months. During this period of treatment he developed
axillary, pubic, and facial hair and noted an increase in
phallic size.

Patient 2. D. F. contracted chicken pox, bilateral otitis
media, and pneumonia at 6 months of age. At 1 yr he was
noted to be deaf. Between the ages of 9 and 11 yr he received
several long courses of HCGfor bilateral cryptorchidism.
The testes did not descend, and axillary and pubic hair did
not develop during HCGtherapy. A right inguinal hernior-
rhaphy was performed at age 12 yr. At 14 yr he was
referred to us. He had nerve deafness, color blindness, left
amblyopia exanopsia with heterochromia of irides, and de-
creased vision in the left eye. His penis was infantile, and
there was no palpable prostate. The small right testis
(1 X 1.5 cm) was high in the inguinal canal, but the left
testis was not palpable. Treatment with fluoxymestrone,
5 mg/day, caused secondary sexual development.

Patient 3. H. C. was rejected by the army at age 18
because of failure to develop. The patient's father, however,
had not undergone puberty until age 20 yr. He was referred
to our service at age 20 at which time his penis and testes
were infantile and the prostate was not palpable. After the
studies were completed the patient received fluoxymestrone,
5 mg/day, with adequate virilization.

PatieOt 4. PH was thought to have delayed sexual
development at age 18 yr. Although he had erections, there
were no ejaculations. At age 19 yr he was referred to our
service. He had an infantile penis and no palpable prostate.
Testes measured 1 X 1.5 cm. 1 yr after the tests were per-
formed plasma testosterone was 0.04 ,ug/100 ml, and he
coml)lained of decreased libido. Fluoxymestrone, 5 mg/day,
caused adequate secondary sexual development and galac-
torrhea.
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Patient 5. N. W. did not walk until age 18 months and
at 3 yr was noted to be deaf. At age 22 he was referred to
us because of sexual immaturity. He had nerve deafness and
hyporeflexia. His penis (5 cm) and testes (1 X 2 cm) were
infantile, and there was no palpable prostatic tissue. After
studies he was treated with HCG, 1000 IU three times weekly
for 3 months followed by 4000 IU three times weekly for
2 months without detectable change in phallic or prostatic
size. The plasma testosterone level after the second course
of HCGwas 0.23 ,ug/100 ml. The patient was then treated
with fluoxymestrone and underwent secondary sexual de-
velopment.

Patient 6. R. S. was treated with HCGat age 9 yr for
bilateral inguinal testes. During this therapy he noted
growth of facial, axillary, and pubic hair which stopped
when the HCG was discontinued. He subsequently had
erections but no ejaculations. At age 23 he was referred to
our service. His penis was 5 cm and scrotal testes were
1 X 0.8 X 0.5 cm. No prostate tissue was palpable. The
patient was then treated with HCG, 1000 IU twice weekly
for 8 months. On this medication he noted gynecomastia, a
slight increase in facial hair, and more frequent erections,
but there were no ejaculations and no increase in prostate
size. Plasma testosterone after 8 months of HCGtherapy
was 0.038 /lg/100 ml.

Patient 7. H. R. was given a series of HCGinjections
for bilateral cryptorchidism at age 14 yr. On this medication
the left testis descended into the scrotum, and there was
an increase in stature (3 inches) and slight growth of both
pubic hair and penis. Thereafter the patient did not undergo
puberty, and there was no increase in height. At age 21 yr
he was referred to us. He had an infantile penis and testes
and a small prostate. The right testis was high in the
inguinal canal. HCG administration resulted in further
growth of pubic hair, and penis and prostate increased in
size. At age 22 after a right orchiopexy, fluoxymestrone
(5 mg/day) was begun, and secondary sexual development
continued. At 27 yr of age fluoxymestrone was discontinued
for 2 months, and the studies in Table I were performed.
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