





INTRODUCT ION

/Historical perspective/

Endocrinology is a relatively infant science
which began with the first recorded endocrine experiment
published by Berthold /1849/. No other truly significant
discoveries were made until about 50 years later
/1889-1902/. The pace quickened after 1910 and the
outlines of vertebrate and invertebrate endocrine
systems were generally complete by 1950. From then
on, chemistry played a most 1important role 1in the
development of the science and many advances in the

field were made.

The  history of endocrinology progressed, as
one might expect, from simple observations to complex
experimentation. Early medical writings described

the general symptoms of many endocrine dysfunctions
long before the pathophysiology of any of the now
well characterized endocrinopathies were at all under-

stood.

Berthold in the earliest endocrinological study
on record, noted that if he <castrated cockerels,
they failed to develop their combs and wattles and
they to exhibit male behavior /Berthold 1849/. Replace-
ment of the testes /one or both/ back into the abdominal
cavity of the same or another bird resulted in normal
development of the comb and wattles, and the birds
exhibited male Dbehavior. Berthold concluded that
the testes secreted something that conditioned the
blood. These experiments only demonstrated the need
for the presence of testes to maintain male characte-

ristics. The hormone of the testes, testosterone



was finaly obtained in pure crystalline form in 1935.

Another crucial discovery was the demonstration
that the pituitary gland, the so called master gland
of the body. was controlled by the brain, specially
the area known as the hypothalamus. Harris, 1955,
had provided data suggesting that the release of
the ©pituitary hormones was controlled by humoral
factdrs. probably of hypothalamic origin. A number
of workers then showed that extracts of the hypothalamus
contained substances that affected the release of
pituitary hormones /Moss, Setalo, Vale.W/. The race
to Stockholm was then on /Wade 1978/. Schally and
Guillemin, working independently of each other. began
purification of hypothalamic extracts from porcine

and ovine sources.

Schally and his collaborators were also able
to provide the chemical structure of porcine gonado-
tropin releasing hormones /GnRH/. Guillemin /1978/
and his collegues were the first to discover and
report the structure of a peptide, somatostatin,
that an inhibitor to the pituitary somatotropin /GH/

secretion.

The ability to isolate and characterize chemically
the hypothalamic factors was enhanced by the development
or radioimmunoassay /RIA/. By the use of RIA's. it
was possible to detect the presence of hormones in

the blood or tissues at a very minute concentration.



REGULATORY HORMONES

/Feedback Regulation/

The feedback regulation is the 1° mechanism
for hormonal secretory control systems. If there
is an elevation in serum hormone concentration that

stimulates or increases the release of another hormone,

this is re ferred to as a 'Positive Feedback'". Conver-
sely, 1if 1increased 1levels of <circulatory hormones
suppress a second hormone, it 1is referred to as a
"Negative Feedback'". A good example of this system

is the hypothalamic-pituitary-peripheral gland system,
which is a prime example of feedback regulation.

which has been proposed to consist of three loops.
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Control of endocrine systems
Motta 1969, 1968 et al.



The three loops are as follows:

a/ The 1long feedback loop of hormone

from the target' endocrine organ.
which ~ influences hypothalamic

and or pituitary secretory activity

b/ The short feedback loop of which

the pituitary hormone modulates

hypothalamic releasing  factor.

¢/ The ultrashort feedback loop of

the hypothalamic hormone which
influences the secretion of

hormones within the hypothalamus.

NON-HORMONAL CONTROL

The control of endocrine system is not only
provided by hormones. For example, GH secretion 1is

affected by a variety of non hormonal influences.

SECRET ION

Many endocrine glands secrete their hormones
in periodic bursts. This was considered to be previously
justified for insulin, epinephrine, and GH, but later
evidence suggests for ACTH, cortisol, LH, FSH and
Prolactin, secretion is also pulsatile.

Diurnal rhythm which refers to a time dependent
variation in hormone concentration during a 24 hour

period, has been demonstrated for ACTH and cortisol.



PTH prolactin and TSH. This has been atrributed to
the hypothatical CNS regulators referred to as the
biological clock /Gibson/.

PRIMARY, SECONDARY TERTIARY DEFECTS

A deficiency 1in the concentration of circulating
hormone may result from a basic defect in either
the targer gland, which is producing the hormone,
termed primary hypofunction, or 1in the pituitary,

called secondary hypofunction. See Fig. 2.

LEVEL OF ENDOCRINE DEFECTS

Hypothalamus - "Tertiary"
Pituitary - Secondary
Target endocrine gland - Primary
Fig. 2.
Primary overproduction of a pituitary

hormone or a hypothalamic releasing hormone
can cause the appropriate target gland
to be excessively stimulated. The final
result being hypefplasia and hormone

overproduction. Motta 1968.

Hormones stimulate or inhibit the activity of
cells directly or indierctly through modulation of

the actions of other chemical messengers. Some hormones






SEX DETERMINATION, DIFFERENTIATION AND DEVELOPMENT

Genetic sex, established at the time of conception,
governs the development of gonadal sex of the indi-
vidual /Davies 1981/. Gonadal Sex, in turn regulates
the development of phenotypic sex, that is the differen-
tiation of internal and external sex organs as well
as attainment of adult secondary sexual characteristics
/Kurtz 1986, Julesz ]J. 1990/.

CHROMOSOMAL /GENETIC/ BASIS OF SEX DETERMINAT ION

The genetic sex of an individual 1is realized
at the moment of fertilization of the agg by a sperm.
The genes related to the determination of sex are
grouped together on particular chromosomes. Initially,
all cells of the human body contain 22 pairs of somastic
chromosomes /autosomes/ plus a pair of sex chromosomes.
The female possesses a pair of X chromosomes /homo-
genetic sex/. During gametogenesis, the diplod number
/46/ of chromosomes is reduced through meiotic division
to the haploid number /23/ /Goldstein 1981/. The
female can normally only contribute an X chromosome,
whereas the male may contribute either X or Y chromo-
some /heterogenic sex/. During gametogeneses the
diploid number /46/ of chromosomes is reduced through
meiotic division to the haploid number /23/. The
fertilized wegg, the 2zygote will normally develope
in a female or male direction depending on whether
a pair of XX or XY chromosomes are present, respecti-
vely. The Y chromosome in the mammal appears to be
mainly responsible for sex differentiation as any
embryo without a Y chromosome developes as a female.

Even humans with as many as four X chromosomes and



a single Y <chromosome develop into males /Fincham
1984/.

The wundifferentiated gonad has generally Dbeen
considered to be composed of cortical and medullary
regions. In the male, sex differentiation of gonads
involves differentiation of the medullary primordium
and suppression of the <cortex. In the female, on
the other hand, the cortical region develops, whereas
medullary differentiation 1is suppressed. The develop-
ment of these 2 anatomical components was for years
theorized to be controlled by hypothetical <cortico-
medullary 1inductive substances. It is now proposed
that the wundifferentiated primordium normally tends
to develop toward female in the mammal unless influen-
ced by genes located on the Y chromosome /DE. Kretser

et al. 1974/.

Mammalian testicular organogenesis 1is dependent
on an H-Y antigen, a protein produced by cells containg
XY chromosomes /DE.Kretser, Wachele, 1979a, 1979b/.
This inducer substance is released early in embryonic
development and causes differentiation of the somatic
elements of the primordial gonads. In the absence
of this H-Y antigen, the mammalian gonads will differen-
tiate to form ovaries. The H-Y antigen can be considered
as a protein hormone which 1is ubiquitous in its pro-
duction by cells of early embryo. The H-Y receptor
sites, on the other hand, are confined to gonadal
cells of Dboth sexes /Polani PE 1983/. Although the
expression of the H-Y —receptor is common to both
the testes and ovary, this has no conseuence as pro-
duction of H-Y antigen is male specific. Thus although

the H-Y receptor i1s present in the prospective female






become the labia minora. Removal of the gonads from
indifferent embryos of either sex results in develop-
ment of a female phenotype, demonstrating that the
male is the 1induced phenotype /Bardin 1981, Ohno
S.Y. et al. 1979/.

Of «critical importance in development of the
external genitalia is the timing of androgen action.
In the female fetus, for example, the external geni-
talia may become masculinized if androgen levels
are elevated as 1in ''congenital adrenal hyperplasia'.
Androgens originating from the maternal circulation
can also cause genital masculinization in the female
fetus: except for clitoral hypertrophy, andro&en

excess at a late time /11-12 weeks/ is without effect.
GONADAL STEROID HORMONE SYNTHESIS AND CHEMISTRY

Gonadal steroids are produced by mesodermally
derrived tissues of the testes and ovaries /Erickson
1985/. The same desmolase system 1is found 1in the
adrenal and is responsible for this first biosynthetic
step 1in steroidogenesis. The nature of the stimulus
that activates testosterone biosynthesis in the fetal
testes is unknown. There 1is experimental evidence
that testes or ovarics of rabbit embryos synthetize
testosterone or estradiol respectively, in media
devoid of hormone. It appears, therefore that differ-
entiation of gonads as endocrine organs is controlled
by factors intrinsic to the gonads themselves /Wilson
1981/. See Fig. 4.









GONADAL STEROIDS AND BRAIN DIFFERENTIATION

It has been shown that single 1injections of
testosterone into a female rat during a critical
period /few days postnatally/ resulted in adults
that were acyclic. In addition these females exhibited
male sexual ©behavior /mounting of other females/.
These results were consispﬂﬁt with earlier observations
that transplanted ovaries only Dbecame functional
if the transplants were located into a neonatally
castrated male rat, rather than an intact adult male
rat. These studies suggest that deprivation of testo-
sterone in the male animal during his species specific
critical time of brain differentiation will result
in a female pattern of sex dimorphic behavior. Such
male animals will assume the female mating posture
when administered estrogen, but will not mount females
even when injected with testosterone. From these
studies of androgen effects on the neonatal rodent
emerged the hypothesis that testosteron was not only
responsible for differentiation of the internal and
external genitalia, but was critical importance of
normal differentiation of the brain into the male

type /McEwen 1976/. See Fig. 6.

One observation was particularly difficult to
reconcile: estradiol also masculinized the brain
of either male or female rodent. This dilema was
solved when it was discovered that testosterone 1is
aromatized to estradiol within the brain. Several

experimental lines of evidence support the hypothesis






2/ The brain possesses the aromatase enzymes
required for <conversion of testosterone

to estradiol.

3/ Dihydrotestosterone does not mimick the effect
of testosterone on neonatal brain differ-
entiation, thus reveals that the action
of testosterone are not mediated through
conversion to DHT, in addition DHT

cannot be converted to estradiol.

4/ /3H/—1abe11ed testosterone 1is recovered from
the brain mainly as /3H/ labelled estra-
diol.

5/ Aromatase inhibition impairs brain differ-
entiation in response to perinatal

testosterone administration.

6/ In testicular feminization mutation /mouse/
which has greatly reduced levels of
androgen receptors, testosterone causes
brain differentiation as it does in

normal mice.

Thus it appears that in addition to its hormonal
role on a number of target tissues, testosterone
serves as a prohormone for dihydrotestosterone biosynt-
hesis in some tissues and estradiol production within

the brain /Machusky 1981/.






brain of the female fetus /Machusky et al. 1981/.

Although estradiol is available in the male
at a critical time 1in development to regulate the
differentiation of the brain, the mechanism by which
estradiol is able to alter irreversibly the brain
and subsequent sexual behavior is unclear. The sexual
differentiation of the CNS 1is of utmost 1importance,
while we are treating sexuality-altering diseases,
as we must keep in mind that behavior mechanisms

may or may not be changed.

It is important to understand these basic funda-
mental entities in endocrinology for the pathomechanisms
of the various diseases are not simply based on the
hormone itself, rather one must comprehend that there
are a multitude of intermediatory factors including
those of hereditary and environmental character which
when collected together and with the %Eoper balance,
of all stimuli, will produce a normaly functioning

human being.

This paper will discuss the diseases in endocrin-
ology which show deviances from normal sexual pheno-
type. genotype and function, and the current diagnosis

and therapy utilized at present.



PATHOPHYSIOLOGY OF SEX DIFFERENTIATION AND DEVELOPMENT

/Precocious and Delayed Puberty/

Sexual maturity may occur earlier or later than
normal, a number of possible factors determine the
etiology of such divergent development. True precocious
puberty is defined as theattainment of sexual maturity
at an earlier than normal age. This sexual precocity
will result as either a genetic nature, or from dis-
orders of the hypothalamus consistent with enhanced
GnRH secretion. Precocious pseudopuberty characterizes
the situation where there is a development of secondary
sexual characteristics, without gametogenesis. The
problem is that there are excessive levels of circula-
tofy steroids of  either gonadal or adrenal origin.
In congenital adrenal hyperplasia, excessive amounts
of adrenal androgens are produced and may cause
virilization and pseudo-hermaphroditism in the female.
Interstial cell tumor of the gonads or sex steroid
secreting tumors of the adrenal glands are also sources
of excessive levels of estrogen or androgen. The high
levels of circulatory steroids exert a negative feed-
back inhibition on hypothalamic release of GnRH.
In the absence of pituitary gonadotropin secretion,
there is a failure of gametogenesis, but the secondary
sexual characteristics that normally develop at puberty
are well developed. The pubertal process can also
be delayed due to panhypopituitarism where all pituitary
hormones including the gonadotropins are absent.
A defect at the level of the hypothalamus or an isolated
deficiency in FSH or LH secretion could also be respon-

sible for a delayed onset of puberty. /Textbook of
























/Diagnostic Procedures/

The most valuable early signs are the rounded
face, hypertension, and some evidence of hirsutism,
i.e. increased hair growth, acne. menstrual irregular-
ities, and the presence of rather thin skin on extrem-
ities, ©perhaps with easy bruisability. When these
features appear in the female child-bearing age,
the disease of Cushing’s Syndrome must be seriously
considered. Of great value is the comparison of the
patient;s appearance with pictures taken some years
earlier. The most frequent problem in the diagnosis
occurs in the early stage of the syndrome when the
patient may present only as a fat hairy girl with
menstrual irregularities. More often than not, this
is the final diagnosis and not Cushing’s syndrome,
since simple obesity may be associated with mild

hirsutism and abnormalities of steroid metabolism.

Not infrequently in Cushing’s syndrome signs
and symptoms of excess androgenicity occur. These
may lead to ©precocious puberty in the prepubertal
boy and hirsutism or even virilism 1in the female.
Such androgenic signs are more frequent 1in adrenal
tumor-borne Cushing’s Syndrome than in Pituitary

Cushing’'s Disease.

/Therapy/

Depends on the Diagnosis.

Pituitary excess ACTH

[f the patient has mild Cushing’s symptoms,

without severe osteoporosis, psychological problems



or hypertension, some authors propose to attempt
pituitary irradiation, with wup to 5000 rads.
This will result in a cure in 6-12 months in
50% of the patients /Salassa 1979/. The causal
therapy of Cushing’s disease is the microsurgical
removal of the ACTH producing pituitary tumor

when accessible.

Bilateral Total Adrenalectomy

If Cushing’s disease is very severe /nodular
hyperplasia of the adrenal cortices/, or 1if there
has been failure of pituitary intervention, bilateral
total adrenalectomy is the only certain cure. However
it cannot be 1looked upon as an 1ideal therapy, for
the physician is thus substituting one lethal disease
for another. The patient’s Addison’'s Disease will
now need to be therapeutically <controlled during
the rest of his life.

Medical therapy would be anticortisol drugs,
which has been attempted on experimental trials,
but at present no safe preparations are available
for clinical use.

If an adrenal tumor is present, exploratory
surgery and removal of an adrenal adenoma is curative.
If cancer is found, the primary tumor 1is wusually
removed and adrenolytic drugs are ufilized for therapy
of the metastasis. The tumor is usually quite malignant,

and death within 5 years is common.






There are usualy two immediate consequences
of such a block 1/. The steroid intermediates directly
behind - the block build up in the adrenal spill out
into the blood, 2/. There may be a deficiency of
steroids normally produced beyond the block.

Since the last and most important of the steroids
in the pathway 1is corfisol, ACTH is produced in excess
in "attempt to overcome the effect of glucocorticoid
deficiency by restoring plasma cortisol to near normal
levels. This leads to adrenal hyperplasia and often
to a huge excess of adrenal steroid intermediates
flooding the body. Normally they are found 1in the
peripheral circulation only in trace quantities.

The characteristics of all enzymatic defects are:

1/ Varying degree of cortisol deficiency

2/ Adrenal hyperplasia

3/ Various clinical manifestations due to excess
preblock intermediates formed. /Bongiovanni
1984, Mantero 1984, Zachman 1984, Virdis
1984, D'Armiento 1983/.

a/ 21-OH ase deficiency

This 1is the most common defect which 1is due
to an autosomal recessive inheritance and is observed
with much more frequency 1in girls than boys. The
incidence 1is controversial, being reported as often
as 1/5000 births /Wilkins 1962, Prader 1985/.

The result of C-21 OH ase block 1is to 1inhibit
both glucocorticoid and mineralocorticoid pathways.
The ACTH excess due to the cortisol decrease pushes
the steroid synthetic pathway to ward pregnenolone

formation leading to an excess of precursors.



/17-OH pregnenolone, 17-OH progesterone and progest-
erone, which are then shunted toward the androgen
pathwéy./ The excess androstenedion secreted 1is then
converted by peripheral tissues to testosterone.
The latter leads to wvirilization of the external
genitalia. In wutero and birth, varying degree of
virilization in the female is found. The excess 17-
OH progesterone and ©progesterone are metabolized
in the liver and excreted in the urine as pregnanetriol
and pregnanediol. Excess secretion of these 1in the
infant are used to confirm the presence of this defect.
The increase in dehydroepiandrosterone /DHEA/ and
androstenedione gives rise to large quantities of
urinary 17-OH keto-steroids /David ]J. Ped. 1984/.

The defect may wvary 1in 1its severity. In the
complete form of the disease the mineralgpycorticoid
pathway may be so inhibited that salt wasting occurs
and the infant will die of dehydration if untreated.
In the mildest form, the androgenic effects may be
manifest only at puberty, e.g. hirsutism, poor breast
devel opment and amenorrhoea.

usually the defect 1is intermediate 1in severity.
A female 1infant 1is born with a large clitoris and
if untreated she will grow rapidly with a masculine
habitus. Pubic hair will appear early, a deep voice
may appear in some years later and at puberty menarche
does not occur. it must be emphasized that most of
the biological androgenicity in this syndrome derives
from the testosterone produced in non-adrenal tissues
via the conversion of the androgenic precursors DHEA
and androstenedione to testosterone. The simplest
test for following adequate replacement therapy 1is
to measure the serum testosterone levels and replace

the cortisol until testosterone is maintained in

the normal range. See Fig. 14.









/C-11 OH ase Deficiency/

The 1ll-hydroxy group is necesary for all biologic-
ally active «corticosteroids and this defect results
in a decrease of cortisol, corticosterone and aldo-
sterone. This leads to a syndrome similar to C-12
OH ase defect except that a potent mineralocorticoid,
deoxycorticosterone is formed in excess, and produces,
in addition to wvirilization, a hyperaldosteroni sm-
~-like picture.

See Fig. 15.

ANDROGEN DEFICIENCY SYNDROME

Provided the Leydig cells functién normally,
the male 1in adolescence shows progressive pubertal
changes, normally beginning sometime between the
ages of 9 and 16. These changes encompass many system.
Growth prior to puberty /about 5 cm/year/ is probably
regulated by the thyroid and growth hormone; the
increased linear growth rate in early adolescence
/7.5 cm/Yr/ has been ascribed to androgens. The overall
increment in growth found in males can quite appropriat-
ely be ascribed to testosterone action: Fusion of

the epiphyses is dependent upon sex hormones.

The anabolic effects of testosterone are manifééted
at puberty 1in many tissues. Both muscle, mass and
bone tissue are increased wunder the influence of
testosterone. The genital organs increase 1in size.
The prostate and seminal vesicles enlarge; the voice
becomes low pitched. The scrotum enlarges and becomes

pigmented, and develops folds. Pubic hair grows upward

in a typical diamond-shaped pattern. Hair appears






at the axilla, on the body, on the extremities, and
around the anus. Facial hair develops and the scalp
line undergoes the typical male recession. The psycho-

logical changes in the adolescent are equally profound.

If the Leydig cells fail to function at the
usual age of adolescence, the pubertal changes normally
brought on by testosterone will fail to appear. Most
often the androgen deficiency is secondary to delayed
function of the hypothalamic-pituitary gonadotropin

sy stem.

In the teenager who fails to manifest sexual
maturation one must consider the possibility of primary
gonadal failure. By far the most common example of

male hypogonadism is Klinefelter Syndrome.
KL INEFELTER SYNDROME

The fundamental etiology of this disorder 1is
the presence of supernumerary X chromosomes; most
often the patients are XXY. Fig. 16 depicts the various

sex chromosomal abnormalities possible.
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1t is characterized by tubular failure and dec-

reased Leydig cell function. In 1942 Klinefelter
described nine men with aspermia, gynecomastia, small
testes, elevated wurinary gonadotropins. Leydig cell

function was obviously present to some degree /since
each patient had a phallus of normal size and moderate
amount of pubic hair, however diminished facial and
body hair suggested some impairment of testosterone
secretion /Klinefelter 1942, Jacobs 1959/. See Fig.l7.

for classification of Hypogonadi sm.

Classifcation of Hypogonadism
Primary Testicular Failure (Hypergonadotropic Hypogonadism)

Klinefelter's Syndrome
Variants of Klinefelter's Syndrome
Male Turner’s Syndrome
Reifenstein’'s Syndrome

Familial Syndromes of Primary Hypogonadism
with Normal Karyotype

Anorchia
Germinal Cell Aplasia
Adult Seminiferous Tubular Faiture

Adult Leydig Cell Failure

Secondary Testicular Failure (Hypogonadotropic Hypogonadism)

Delayed Puberty
Isolated Gonadotropin Deficlency
Fertile Eunuch Syndrome

Hypopitutarism

Fig. 17. Classification of the hypogonadisms possible
/Grumbach 1985/



The 1incidence of this disorder 1is surprisingly
high, it occurs in 1/400 live born males. Apparently
the ©presences of one or more extra X chromosomes
in testicular tissue brings about the typical Kline-
felter testicular dysgenesis. At Dbirth the testes
of affected patients appear normal, and during the
prepubertal years the growth and histological appearance
of the testes are normal, although there 1is some
evidence of a gradual loss in germ cells. At puberty
the rise in gonadotropins brings about a progressive
hyalinization and fibrosis of the seminiferous tubules,
which therefore fail to develop, and testes remain
small in size. Rarely doe the testes of a patient
with Klinefelter’s Syndrome exceed 2.0-1.5x1.5 cm
in dimensions. Normally the adult testes measure
4.6 cm in length and 2.6 cm in width. The small,
firm testes of Klinefelter syndrome are characteristic

/Paulsen 1968/.

It is interesting that many patients with Kline-
felter’s syndrome show excessive long bone growth
prior to puberty; the bone age, however, is appropriate
for the chronological age. The growth of the long
bones is greater in the lower extremity than in the
upper extremity, resulting 1in a ratio of arm span

to height of one or less.

Explanation for other aspects of Klinefelter's
syndrome are also lacking. The gynecomastia is bilateral
and 1involves hyperplasia of the interductal tissues.
In contrast, estrogens produce ductal hyperplasia.
Subnormal intelligence /1.Q. less than 80/ and charac-
teristic behavior alterations are found in many

patients. Individuals with Klinefelter’s syndrome



have an increased incidence of diabetes mellitus,
chronic bronchitis, neoplasia, and autoimmune disorders
/Lubs 1962, Forssman 1963/.

More than two "X" may be present in cells from
patients with Klinefelter’s Syndrome. Variants include
XXXY, XXXXY and mosaicism. Mental retardation in
the XXXY, and XXXXY patients is usually severe, whereas
the mosaic patients, particularly those with XY cell
line show far less severe symptoms and may even have
normal gonadal function. It is important to ascertain
the gonadal genotype since only supernumerary X' s
in testicular tissue produce testicular dysgenesis.
Buccal smears and karyotyping of skin and blood will
not necessarily reveal the abnormal genotype /Lubs

1962/.

A testicular biopsy 1s important in the diagnosis
of Klinefelter's syndrome. The tissue should be examined
histologically and the testicular «cells should be
karyotyped.

Azoospermia is also a classical finding in Kline-

felter's syndrome. There are no unique changes in
seminal fluid volume; however, with severe androgen
deficiency, the volume of ejaculate 1is small., and

the <concentrations of fructose and phosphate are

decreased.

The treatment of patients with Klinefelter’s
syndrome 1is direct toward androgen replacement, if
necessary. Testosterone in oil, 200 mg intramuscularily
every 2 weeks is recommended. Gynecomastia and inferti-

lity are 1irreversible, the former one may require












At puberty the breast development is marked, but

pubic and axillary hair are scarce, and no menses
occur. Colposcopy wusually reveals a small vagina,
but no uterus, tubes, or ovaries; the testes are

either abdominal or inguinal.

Patients with the testicular feminization syndrome
fail to respond to androgen at any time in life;
and fetal development reflects this. The external
genitalia are female. The testis secretes both wolffian
duct inducer, and Mullerian inhibitor; and response
to these substances is normal. Thus the male. genital
ducts develop, but becuase of the lack of response
to androgens they tend to be hypoplastic. As mentioned
the female genitalia are incomplete; the uterus and
tubes are absent and the upper portion of the vagina
does not develop. The shallow vagina ends in a blind
pouch /Skordis 1987, Josso N. 1965/.

The testis 1is capable of forming testosterone
and estrogens. Indeed, after removal of the testes.
the breasts regress, suggesting that testicular estrog-
ens are implicated in gynecomastia. Usually the testes
aré removed because of the increased incidence of
testicular malignancy in affected patients. After
orchidectomy, the patient 1is maintained on estrogens
/Fergusen-Smith MA 1965/.

As one might predict, affected ©patients are
totally femingygn behavior, dress and attitude. Indeed,
they are among the most strikingly feminine individuals

one is likely to encounter. The disorder is transmitted









This phenotype is not difficult to recognize.
At the other end of the spectrum is the genetically
normal /46XX or 46 XY/ individual with streak gonads
and no osmotic anomalies. This 1is known as pure
gonadal dysgenesis, and the individuals with this
form of gonadal dysgenesis invariably have normal
stature. Primary amenorrhea 1is associated with all

of the variants of gonadal dysgenesis /Kohn G. 1980/.

Patients with XO karyotype can be easily re-
cognized during infancy usually because of lymphedema
of the extremities and loose skin folds over the
nape of the neck. Later in 1life the patients are

distinctly recognizable by their distinctive facies:

1/ micrognathia

2/ epicanthal folds

3/ prominent low set ears
4/ fish like mouth

5/ ptosis

The chest is shieldlike and the neck subsequently
is short; broad, and webbed /40% of patients/. Addit-
ional anomalies associated with Turner’s syndrome
include coarctation of the aorta /10%/ hypertension,
renal abnormalities /50%/ pigmented nevi, cubitus
valgus, tendency to eloid formation, short fourth

metacarpal, and recurrent otitis media.

Short stature is a marked feature. Mean final
height is approximately 142 cm with a mean range
of 133-153 cm. The current data suggest that the

short stature found 1in patients with the syndrome



of gonadal dysgenesis is not simply due to a decrease
of GH, somatomedin, sex steroid, or thyroid hormone.
The literature also suggests that no significant
increase in final height has been documented in
these patients after therapy with GH, anabolic steroids
and estrogens. However, there have been some promising
trials as to the positive effects of estrogens on
growth in these individuals. These therapeutic efforts
have been 1initiated by the fact that the subdued
GH reserve of Turner patients can be 1improved by
the administration of minute amounts of estrogens

/Laczi F. et al. 1979, etc./.

In order to appreciate new experimental therapy
done in Turner’s syndrome, we have to acknowledge
that growth in Turner’s syndrome can be divided

into the following four phases:

1/ Intrauterine growth is retarded, mean length

at birth 1is around term but below normal

2/ Early childhood /up to three years/ retardation

of bone age; height 1is relatively normal.

3/ Later <childhood /up to bone age of about
10 years, growth is slow. Bone age progresses

normally at the rate of 1 cm/yr.

4/  Adolescent age; patients accumulate fat

and thus the weight to height ratio increases.

There is no prepubertal growth spurt. Bone
age slows down, however the total growth gain 1is
slightly different from normal. This subsequently

suggests that the presence or absence of puberty









Dr. Karstrup had started to investigate the
effect of 1low dose estrogen doses on the growth
in Turner’s syndrome. He suggested that estrogens
may regulate the tempo of growth during development
rather than 1influencing the final height. 1 believe
this is an 1important statement because we are sub-
sequently dealing with two different growth modulators:
1/ GH-somatomedins which are obviously related
to difference in stature in normal development,

whereas 2/ pubertal steroids may influence the dynamics

ot

The growth effects a low dose estradiol are

of growth.

partially independent of the GH-somatomedin axis,
it . seems to have a direct effect on bone too as
osteocalcin increases with this therapy. 1t has
" been suggested in the literature that trials with
GH should also be conducted.

After all these studies we question ourselves
which procedures are the most beneficial ones on

the final height of a Turner patient.

As a conclusion: a general protocol <can be

drawn wup for Turner’s Syndrome with all the data
1
comqyaed:

1/ GH may be applied subcutaneously every /other/

day at early years of age.
2/ Oxandrolone at bone age of approx. 8 yrs.

3/ Estrogen at bone age of 8-10 years not to

induce growth, but rather to modulate it,



and to induce female secondary characteristics,

initially using a low dose.

It is becoming widely recognized that many sexually
dimorphic patterns of body growth, hepatic steroid
metabolism, and hormone and growth factor receptors’
concentrations are largely attributable to the differ-
ence 1in patterns of GH secretion /0.G.P. Isaksson,

A.A.L. Lindahl, A. Nilsson, Acta Paedr. 1988/.

With the advent of estrogen therapy, it should
be noted that chronic estrogen administration can
cause chromosomal changes in rat pituitary /Lloyd
et al. 1973/ and estrogens have also been shown
to induce prolactin release by a potent antidopamin-
ergic effect at the pituitary level /Raymond et
al. 1978/. It 1is also plausible that the primary
ovarian failure 1in some cases of gonadal dysgenesis
can induce pituitary tumors which may secrete gonado-
tropins /Kelly 1902, Woof and Schenk 1974/.

In a case report, Gaspar and Julesz have shown
that mosaic Turner’s syndrome / 45X0/46XX / and
prolactin secreting pituitary microadenoma may co-
exist. 1In such a case, when hyperprolactinemia 1is
properly treated, a regular menstrual cycle may

be restored. See Fig. 22. and 23.






SUMMARY

The attainment of adult sexual function occupies
the years of adolescence. The characteristic growth
spurt, probably due to GH secretion modulated by
steroids, and the enhanced secretion of androgen
precursors by the adrenal, heralds gonadal maturation
and the onset of secondary sexual characteristics.
The target tissues for testosterone or it’s metabolite
dihydrotestosterone includes the pentis, testis,

prostate, seminal vesicle, skin, muscle, bone, kidney,

and brain. Estrogens stimulate ovarian follicles
and the breast, alter the structure and foundation
of endometrial and vaginal «cell, and change the

distribution of fat in the body.

Any interruption in the pathway from hypothalamus
to pituitary and gonad disrupts the process of sexual
maturation and function. If this pathway has never
functioned normally, the resulting hypogonadi sm
produces amenorrhea and lack of breast development
in girls and azoospermia with small genitals in

boys.

Primary disorders of the gonads can produce
a similar state of hypogonadism. Often these primary
gonadal disorders are due to chromosomal aberration
/gonadal dysgenesis, Klinefelter’s syndrome/ . A
failure of target tissue to respond to testosterone
can produce "amenorrhea'" in a seemingly normal female

with 46,XY karyogram /Testicular Feminizing Syndrome/.



Once sexual maturation occurs®d disruption of
the hypothalamic-pituitary-gonadal-axis produces
secondary amenorrhea in girls, and impotence and

sterility in boys.

Primary disorders of gonads after sexual maturat-
ion wusually 1involve infection or space occupying
lesions /cysts or tumors/. If such lesions produce
excessive amounts of estrogens or androgens, appropri-
ate changes 1in physical characteristic will ensue.
Gonadal tumors producing hormones must be different-
iated from androgen-producing and estrogen-producing

tumors of the adrenal.

The remarkable physical changes in puberty
are mirrored by psychological <changes. Androgens,
produced in increased quantities in both girls and
boys, heighten sexual desire. Intrauterine and peri-
natal imprinting of sexual identity by androgens
plus a variety of environmental factors determine
the completeness of this identity. Failure to identify
with the sex rear, creates great problems as our
society thinks in terms of all or none and can not
or will not recognize the individual of ambiguous
identity. Furthermore, the legal problems associated
with surgical alteration of the sex of an individual

are enourmous.

As a result of new research in the field of
Turner’s syndrome, the disease has gained a more
positive outcome with the possible therapy of growth
disturbances. Although the therapy at present 1is

still controversial, it 1is feasible to acknowledge



the plausible interactions between various factors

in producing some increase in growth.

In conclusion, appropriate secretion of hormones
by the gonads and their action on the target tissues
are major organic factors which determine sexual

identity.

The hormonal secretion of course, depends upon
structurally and functionally normal gonads, the
condition of the gonads in turn depends on the chromo-
somal arrangement. The hormonal secretion also depends
upon the presence of various enzymes and cofactors

necessary for hormone synthesis.

The action of testicular hormones on. the target
tissues should bring about wunequivical male sexual
differentiation of the external genitalia and should
stabilize Wolffian ducts induced by testicular hormones
The 1lack of testicular hormones should bring about
female sexual differentiation. The sex of rearing
must be determined by the appearence of external
genitalia, the karyotype, and the functional potential
of the gonads. Any abnormality which precludes the
interaction of appropriate sex hormone and target
cells may cause physical and probably, psychological

disturbances in sexual identity.

Of all the areas of medicine, it 1is in the
realm of sexual maturation and 1identity that the
most patience and wunderstanding is required. The
young adolescent needs assurance and guidance as

he or she explores this world, and should be guided

in coping with problems of puberty.















