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COMPUTING AND STATYSTICAL PROCEDURES

The results in this thesis have been analysed by the writer using
the Statistical Package for the Social Sciences (SPSS) om the IRM 370
computer installation at the University of Newcastle upon Tyame.

The results presented and the published normal ranges used for
comparison were routimely analysed fozr skewnessland kurtosls. Skewed
and kurtotic distributions were compared statistically fellowing
logarithmic transformation to a noxmal digtribution. Although logarithmic
transformation is shown graphically only for plasma testosterone (Pigure
3.4, page 133) it should be ncted that most of the individual urimary
steroids results in the literature required transformation t0 a normal
digtribution before statistical analyais.

Statistical results felliowing logarithmic traasformation were

similar to results cobiained using nonparametric stetistics alome.



Sate JHITS
Since writing this thesis the Systéme Intermational dtUnites
(5.1, Unlts) has been adopted om DHSS instructions (HSC (1S) 140.
Metrication: Introduction imto Medicine of the Internatlonal System of

Units). The relevant factors for conversicn of the resulis presented

in this thesis t¢ S.XI. Units are given below.
Plasma testosterone ' ng/100 mi x 0.0347 nM/1
Urinary creatinine mg/24 hrs x B.84 ue/24 hrs

Urinary steroids

17-oxosterolids mg/24 hrs x 3.47 uM/24 hrs

Sa=androstane=3u ,178-diol )
)
5g-androstane~3c,17p=diol )} BE/24 hrs x 3.42 nM/24 hrs
3
Sa-androstane~33 ;17f<diol )}
Aﬁmandrosﬁenemss,173mdi01 )
)
androster one )
Yy pe/24 hrg x 3.44 nM/24 hrs
aetiocholanocione )]
)
epiandrosterons )
dehydroepiandrosterone )
3 pg/24 his x 3.47 nbi/24 hrs
testosterone )]
iig-hydroxyandrosterone )
Y pes24 hrs xn 3.26 ni4/24 hrs

1ig=hydroxyaetiocholanclione )

-~ v
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ABBREVIATIONS

The main abbreviations used in this thesis are listed below.

ACTH Adrenocorticotrophic hormone

d.pa.m. Disintegrations per minute
ECD Blectron capture detection
1
EDTA Ethylenediaminetetramacetate
FID Flame ionization detection
BSH Follicle stimulating hormone
GLC Gas 1liquid chromatography
HCG Human chorionic gonadotrophin
hGH Human growth hormone
ICSH Interstitial cell stimulating harmone
LH | Luteinizing hornmone
" LHRH Luteinizing hormone releasing hormone
NAD" Nicotinamide~adenine dinucleotide

(oxidised form)

NADPH Nicotinamidewadenine dinucleotide phosphate
(reduced form)

p Probability

r Correlation coefficient

S:A, Specific activity

TeBG Testosterone~binding B=gleobulin

TiC Thin layer chromatography



CHAPTER 1

INTRODUCTION




HISTORICAL REVIEW

"Let it not be supposed that the use of the hormones is a
new discovery, far from it, it is as cld as life itself ...
As evidence that gland therapy is not new it is interesting
to know that as far back as 600 BC orchitic substance was
used as a remedy for obesity and orchitic extract was aliso
extensively used by the ancient Egyptilans a?d Romans for the

purpose of rejuvenation and the perpetuation of youth."
C. Kempster, MRCS LRCP (1935)

In 1849 Berthoid, studying testicular implants in capoms, concluded
¢that the {testes possessed a dual function - the production of spermatozoa
and the elaboration of anm internal secretion. Forty years later,
Brown=Sequard gave gréat impetus to the concept of internsl secretion by
the imjection of testicular extract in his famous rejuvensation experiments.
Although his work (Brown=Sequaxrd, 1889) has been generally discredited, he
did create great interest in the study of sex glands.

During the following thirty years, hypogonadism was treated by the
administration of testicular extracts or by the transplantation of gonadal
tisgne. In 1891 Poehl, & Russian physiologist, claimed that spermiue, an
organic amine present in semen, Was the sctive secretion of the testis.

He {reated numexcus conditions ranging from scurvy to syphilis with spermine,
apparently successfully. Although the pharmaceutical indusivy bLegén the
manufacture of spermine, Pochl®s 'spermine theory' aroused much centroversy,
was subjected to severe criticism, and was finally ¢otally rejected.

Bouin and Ancel (1903, 1904) first ascribed the role of hormone
production o the Leydig cells. This was confirmed by sumerocus experiments
on the selective desgivuction of the seminiferous {ubules in animal {estes

by ivvadiation. Androgenlclity remained unimpaired (Bergoine and Tribondesu,



1904; Regaud and Dubreuil, 1907) in the treated animals. Not everybody
accepted tha{ the {testes were capable of hormone production. According to
thie older physiologists the effects of the testes were mediated through the
necvous system (Nussbaum, 1906). However, the numerous results obiained
by the transplantation of gonadal tissue into previously castrated animals
proved Nussbaum to be wrong.

Meny workers offered evidence for a secretion within the Leydig cells

i
and in the neighbouring bleod capillaries and lymphatics (Duesburg, 1918).
This diffuse sccretion was believed to be lipid in mature and the precursor
of a true secretion (Mulon, 1910). These observations have been recently
confirmed by Baillie (1964), who demonsatrated the presence, in high concen-
{ration, of cholesterol in the Leydig cells of mature mice.

Research on the internal secretions was furthered by the work of
Zendek (1926), Smith (1926) and Smith and Bngle (1927). These anthors
reported undisputed evidence of the effect of the anterior pituitazxy on the
growth and function of the gonads. Aschheim and Zondek (1928) subsequently
found a substance in the urine of pregnant women which stimulated the gonads.

The discovery by McGee (1927) that a conceantrated lipid extract of bull
testis produced measurable comb-growth in the Leghorn capon within five days
(McGee ef al., 1928) laid the foundations for subsequent extraction pro-
cedures and for quantitative methods of assay.

After the isolation of oestrone from human pregnancy urine (Doisy et al.,
1930) investigations turned ¢to human urine for androgenic activity. Following
the isolation of crude extracts possessing little androgenic activity (Loewe
and Vess, 19303 Funk et al., 1930), rapid progress was made by Butenandi
(1931, 1932) who isclated and subsequeﬁtly characterized (1934) androstezrone
and dehydroepiandrosterone (Butenandt and Dannenbaum, 1934) from human
urives. Butenandt believed he had isolated the wmale hormone in andsostierocne.
However, it was found that its effects diffeved in wany respects from those

produced by testicular extracts.



Gallaghes and Koch (1934a, 1934Db) had shown that extracts of testicular
tissue could be purified to yleld a concentrate 6-10 fold more active than
androstexone. The potency of this extraect decreased when boiled with alkali.
Ingtability to alkali was not characteristic of any of the known urinary
androgens but was known to be exhibited by ®, B-unsaturated ketones
(progestexone). David et al. (1935) subsequently isclated from buli
testis extracts pure testosterome in crystallin% form.,

Shoxrtly after the relation of androsterone to cholesterol had been
established (Ruzicka et al., 1934) many related compounds were prepared and
theixr androgenic activities determined. The search for new compounds more
potent than androsterone was on. In the decade following the synthesis of
testosterone from cholestercl by Butenandt and Hanisch (1935) and Ruzicka
et al. (1935) these two research groups, working in co=-operation with
Schering in Berlin and Ciba in Basel respectively, prepared and sssayed
numercus analogues of testosterone. The oniy compounds found with androgenic
activity comparable fo that of testosterone were Sa-~dihydrotestosterone and
the methyl esters of testosterone and Su=dihydrotestosterone.

Tie advent of the Zimmermann reaction (Zimmermansn, 1935) for ketones
marked the first chemical assay in the study of endocrinology. The
recognition of 1l7-ketosteroids as the quantitatively wost important group
of steroids giving this reaction gave impefus {o numerous investigations
attempting to correlate the urimary excretion of neutral 17-ketosteroids
with clinical features of androgen action. Modifications of this method have
been propesed (Callow et al., 1938; Holtorff and Koch, 1940) and these
were reviewed by Zimmermann (1955). Although testicular androgens and
their metabolites coniribute to the 'Zimmermann chromogens', approximately
“two=thirds of the urinary excretion of meutral l7-ketosteroids are now
known to derive from dehydroepiandrosterone and corticostervid metabollites

of adrenal origin (Callew, 193%). The estimation of urinary neutral



17-ketosteroids has, however, been standardized (17-oxosteroids; Medical
Research Council, 1963) and the assay has been retained for routine urinary
steroid analyses.

It was soon realised that more infermation could be obtained from
the separat;on of the neutral l7-ketosteroids either into groups with
common characteristics or into individual compounds. 'The most simple

fractionation described separates the neutral 1l7-ketosteroids into the
1

L

3a=hydroxy and 33~hydroxy fractions («=- and B-fractions) by the precipitation
of the 3B~hydroxy-17-ketosteroids with digitonin (Butt et al., 1943; Haslam
and Klfne, 1652).

The differential separation of neutral 17-ketosteroids was first
described by Dingemanse et al. (1946, 1952). This method utilizes acid
hydrolysis of the urine with subsequent separation of ilie neutral
17-ketosteroids by aluminium oxide adsorption chromatography, into sight
individual fractions,; each subseguently quantitated by the Zimmermann
reaction. This method has been wmodified many times without successfully
overcoming ihe inherent difficulties (Dorfwan, 1968). However, the paper
chromatographic separation of individual 17-ketosteroids introduced by
Rubin et al. (1953) and the gradient elution methods used by Lakshmanan
and Lieberman (1954) and Kellie and Wade (1957) gave more satisfarctory
resulis.

Numerous attempts to determine testosterone in biological samples
have been reported, buf oaly in the last 14 years have techniques been
available for the estimation of testosteronme in plasma aad urine.
Circulating testosterone was first isolated and identified in spermatic
vein blood of the dog (West et al., 1952) and later in human spermatic
vein blood (Lucas et al., 1957; Hollander amd Hollander, 1958).

The wvork of Hollander and Hollandexr (1958) had shoss that humnan

testicular blood contained between 3 and 1560 peg testosterone per 100 ml.



No testosterone was, however, detected im the peripheral venous blcod of

the subjects investigated. Oertel and Eik-Nes (1959) confirmed this

finding but they succeeded in isolatlng testosterome im systemic blood of

the normal male after the administration of large doses of human chorionic
genadotrophin (HCG). In 1961 Finklestein gt al. were the first to describe
a method for the estimsation of testosterone in peripheral venous plasma.

By their method testosterone was enzymatically ?onverted to 17B~oestradiol
and measured therealfter fluorimetrically. Although this method required
large amounts of blood for adequate assay, it confirmed the presence of
testosterone in the peripheral circulation of normal men and wonmen,

Sensitive methods for the estimation of testosterone in small amounts of
human plasma were subsequently reported (Riondel et al., 1963; Hudson et al.,
1963; Brownie ef al., 1964; van der Molen et al., 1966). More recent methods
applicaeblie to the gquantitation of plasma testosterone in prepubertal children
will be reviewed in Table 3.VIILI (Chapter 3).

Humerous but unéuccessful attempts were made to demonstrate testosterone
in the urine. In 1950, Dobriner and Lieberman reported that administration
of large amounts of testosterone to normal subjects resulted in the excretion
in the urine of only trace amounts of {he hormone, Ten years later,
however, Schubert and Wehrberger (1960) demonstrated that testosterone is an
excretory product in man. Values for the urinéry excretion of testosterone
have been reported for humans in health and disease (Camacho and HMigeon,
1963, 1964). Their method employed hydrolysis with a commercial preparation
of B-glucuronidase. Thus testosterone is present s the glucuronoside.
Subsequent work has shown that testosterone may also be excreted *free!
(uncon jugated) (Dulmanis et 8l., 1964) and as a sulphate (Dessypris gt 2l.,
1966). Again, more recently published methods applicable to the
gquantitation of urinary testosterone excretion in prepubertal children will

be reviewed in Table 3.V (Chapter 3).



STEROID BIOSYNTHESIS I THE TESTIS

Although this thesis is primarily concerned with the metabolism of
testosterone it is perhaps pertinent to review briefly the biosynthesis
of testosterone within the testis.

The interstitial cells of the testis were fivst described by Leydig in
1850. He noted these cells as clear, round cells, analogous to embryonic
compective tissue, vacuolated and containing pigment granules and fat droplets

:
Mulon (1910) believed these fat droplets to increase during secretory
activity and envisaged this lipoiQal substance to be the precursor of the
true testicular secretion.

Baillie (1964) reported the presence of high coancentrations of cholestero
in Leydig cells of mature mice, whilst Christensen (1965) correlated the
cholesterol production in the testis with the amount of agranular reticulum
in the Leydig cells., Furthexr work by Christensen and Fawceltt (1966)
suggested that cholesterol is stored in the agranular reticulum en route
to the mitochondria of these cells where it will be converted to pregnenolone.

Experiments jn vivo (Mason and Samuels, 1961) and in vitro (Hall and
Bik-Nes, 1962) have demonstrated that cholesterol is formed from acetate in
the testes. Intermediates in ¢the testicular formation of cholesterol have
been identified (Tsai et al., 1964; Salokangas et al, 1964, 1965) which
strongly support the view that cholesterol formation within the testes
is similar to that in the liver.

The tetal concentration of cholestercl in the testes is relatively highk,
but ag a counsiderable amount of this testicular cholesterol is associated
with the germinal epithelium, the pool of cholesterol imvolwved in the
biogynthesis of androgens is swmall (HMall, 1963). Although the high con-
ccentration of germinal cells in the testes and the low solubility of
cholesterol in aqueous phases confuse {the role of chelestercl as a precursor

of testicular androgens (Hall, 1963), recent experiments indicate that



cholesterol is the physiological source of all testicular steroids (Hall,
197G).

The side chain cleavage of cholesterol fo yield pregnenolone and
isocapraldehyde takes place in the mitochondria within the Leydig cells
(Toxen gt al., 1964). Halkerston et al. (1961) have shown that this cleavage
requires reduced nicotinamide ademine dinucleetide phosphate (NADPH) and
molecular oxygen and they conclilude that hydroxy%ation of the side chain of
cholesterol occurs before scission. 20x-Hydroxy-cholestercl (Solomon egf 2l1.,
1956) and 20x,22f~dihydroxy-cholestercl (Shimizu gf al., 1962) have been
sugges{ed as hydroxylated intermediates for this reaction.

Hall and Young (1968), accepting this proposed pathway, examined the
influence of interstitial cell stimulating hormoﬁe (ICSH) on the conversion
of 20a—hydroxy—cholesterolm3ﬂ to testosterone-gﬁ in the testes. They found
ICSH did not increase-test0$terone formation and since the point of trophic
hormone action occurs later than the cholesterol side chain cleavage step
(Koritz and Hall, 1965), they concluded that ithe 2Ca=hydroxylase system is
specifically stimulated by ICSH. This confirmed the earlier suggestion of
Halkerston et al. (1961) and Koritz (1962).

De novo synthesis of testostexone from acetate and cholesterol has been
established in the humap testis by both in vitro end in vivo methods
(Brady, 1951; Savard gt al., 1952; Rice et al., 1966; Knapstein et al.,

1968; Serra gt al., 1970). Although these authors have isolated many of the
intermediates there has been no systematic elucidation of the preferred
pathway from Asmpregnenolone to testosterone.

In 1937, Koch presented a theoretical scheme for the biosynthesis of
testosterone and oestrogens. He suggested that cholesterol was converted via
dehydroepiandrostevone and AsmandEOSﬁ@ﬂé“3B,173“éi91 to testosterone. Yoch
2lso suggested that dehydrcepiandrosterone was oxidized 1o A4mandrosteﬁedione
and the possibility that Aéwaadrastenedione and testosterone were aromatized

to form cestrogens.



The A4upathway for testosterone biosynthesis (progesterone,
L7a-hydroxyprogesterone, Aﬂmandrostenedicne) in the testds was initially
demonstrated in the rat (Slaunwhite and Sawmuels, 1956) and in the human
(Slaunwhite et al., 1962a) by studies using radioactively labelled A*esteroid
precursors of testosterone. Subsequently, the Asnpathway (Aswpregnenolone,
17u¢-hydroxypregnenclone, dehydroepiandrosterone, Aswandrostenem33,ITB—diol)
was demonstrated in normal (Axelrod, 1965; Rosn%r and Macome, 1970) and
abnormal (Gual et al., 1962; Charreau and Villee, 1968) human testes.
However, it should be noted tbat these two predominant pathways may overlap
since in vivo experiments on the canine testis (Hagen and Eik-~Nes, 1964)
demonatrate that 1l7a-hydroxypregnenolone can be comverted to
17a=-hydroxyprogesterone. Rosner gt al. (1965a) have found that progesterone
cant be converted to As—pregnenolome by sliced rabbit testis in vitro although
the physiological significance of this reverse reactios remains cbscure.

Regardiess of the pathway, five enzymes are required for the synthesis
of testosterone from'AS»pregmeﬂolone (Bigure 1.1). All these enzynes,
17a-hydroxylase, 17,20~desmolase, 1l73~-reductase, 3B-hydroxysteroid
dehydrogenase and isomerase, are contained in the microsomal fraction within

the Leydig cells (Shikita and Tamaoki, 1965).

PACTORS AFFECTING ANDROGEN PRODUCTION

It has been reported (Acevede et al., 1961, 1963; Bloch, i964; Bloch
et al., 1962; Ikonen and Niemi, 1966; Hamilton, 1971a) that human foetal
testes are able to convert Asapregnenolone, progesterone and other precursors
to testosterone. Lipsett and Tuller (1965) have demonstrated that the
convession of &Swpregnenolone to testosterone increased markedly just before
and during differentiation of the rabbit foetal Wolffian duct derivatives
and they correlated this differzentiotion of the male reproductive system

with the appsarance of {the Leydig cells.
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Lindner (1961) studied testosteronc and androstenedione concentrations
in bovine spermatic vein bloods His important observation that the
testosterone concentration rose sharply at puberty and the correlation
of this rise with the first production of fructose by the seminal
vesicles marked the first true assay of testiculaxr function.

Snipes et al. (1965) found that ian vitro incubation of testicular
tissue from younger guinea pigs produced more angrostemedione bué less

L
testosterone from progesterone and conciuded that the activity of
178~dehydrogenase increased with age until full maturation. Nayfeh et al.
(1966) showed that in immature rats the testosterone gsynthesized from
progesterone by testicular tissue was further metabolized to Sou~androstane-
30,178=diol. These authors suggested a specific function for this metabelite
in sexual maturation. Hamiltom et al. (1970) stressed the importance of the
A§o33~hydroxysteroid pathway in early foetal life.

When animals were {reated with gonadotropbin (HCG, LH and FSH), the
overall synthesis of testosterone from acetate was enhanced (Hall and
Eik-Nes, 1962; Hell, 1963; Eik-Nes and Hall, 1965). Gonadotrophin has been
reported to stimulate specifically the action of AﬁwBBmhydroxysﬁeroid
dehydrogenase (Samuels and Helmreich, 1956) and 20a-hydroxyviase (Hall and
Young, 1968).

X=irradiation of the testis causes complete destruction of spermatogenesis
without appreciabie histological damage to the interstitial cells. IHowever,
it has been reported that X-izrradiated testes have reduced biosynthetic
potential due to the reduced activity of L7a~hydroxylase and 17,20-desmolase
(Schoen, 1964). Recently the activiity of 17B~dehydrogenase has also been
reported to be reduced after X-irradiation of the testes (Inano and Temaoki,
L968h). As 17B-dehydrogenase does not require NADPH as & co-foctor it woulid
appear that the action of X~irradiation of the testis is not on the NADRH
generating system withidn ¢he Leyadig cell as previously suggested by Berliner

et al. (1964).
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METADOLISM OF TESTOSTERONEH

The principal site of steroid catabolism is the liver. The hepatic
metabolism of androgens results in the formation of relatively nonandrogenic
steroids conjugated with sulphuryl or glucuromyl residues. This hepatic
metabolism is malaly reductive and consists of the reduction of the double
bond to form dihydrosteroids, the reduction of the 3-oxo~dihydrosteroids to
form the corresponding 17-oxostercids and the c%gjugation of these 17~oxostero:
or the further me¢abolized androstanediols, with sulphuryl or glucuronyl
residues forming the corresponding sulphates and glucurcnides (Heftmann, 1970).

Although only small amounts of androgenic steroids are metabolized
outside the liver, this extra-hepatic metabolism may represent an important
aspect of the action of such sﬁeréids. It i3 now generally accepted that
testosterone action is mediated {hrough several closely related steroids in
androgen dependent tissues. Bruchovsky and Wilson (1968) have shown that
So~-dihydrotestosterone (173~-hydroxy=-So~androstan=3-one) is the major
metabolite of testosterone in androgen dependent tissves both jipn vivo and in
vitro. These authors located NADPH dependent So=reductase in the nuclear
and cytoplasmic fractions, postulated selective nuclear binding of
Sa=-dihydrotestosterone, and demonsirated subsequent metabolism within the
cytoplasm to Sc~androstanediol.

Uah jem and Tveter (1969) first isolated 2 high affinity androgen-binding
protein in the prostate cytosol fraction. Fang and Lizo (1971) were able to
separate two soluble androgen biunding proteins im the prostate cytosol one
of which is highly specific for Sx~dihydrotestosterone. These authors
postulated that Sa-dihydrotestosterone was selectively bound to a2 c¢ytoplasmic
receptor protein, this steroid-receptor complex is then itransferred to the
nucleus of the prostetic cells where it binds {0 acidic proteins of nuclear
chromatin. HNuclear scceptor sites for So=-dihydrotestostercnesreceptor

complexes were subsequently reported by O'Malley (1971). The entry of



So=dihydrotestosterone. into the prostatic cell nucleus is believed to
facilitate BNA synthesi33 protein synthesis and androgen dirvected growth
(Williams~Ashman and Reddi, 1971).

Baulieu et al. (1968) studied the rostatic effects of testosterone
metabolism and concluded that Su-dihydrotestosterone caused cell division
and eventual hyperplasia of the tissues whilst Su~androstane~33,178-diol
caused hypertrophy and secretion. later Baulie% (1970) in a review of the
tendocrinology of metabolites' concluded that as testosterone action within
the prostate can be explained by the discrete actions of f{estosterone
metabolites, testosterone may act as a prehormone, rather than a hormone in
certain target organs. This diversity of testosterone action may then
explain the different activities of testosterone in target tissues.

Much of the work on testosterone metabolism was carried out by studying
urinary metabolites. Early investigations demonstrated that when large
amounts of tesfosterone were administered to humans there was an increase in
*bioassayable’ androgen in the urime. The classic work of Callow (1939)
showed that the main urinary metabolites of testosterone in the human were the
conjugates of androsterone and aetiocholanolone. Dorfman (1941) reported
the isolation of epiandrostercne from the urine of a hypogonadal male who
had been given testosterone propionate. Further work by West et al. (1951)
showed that the main metabolites of testosterone were excreted as the
glucuronosides.

with the advent of radioactively labelled testosterone, urinary studies
on the metabolites of testosterone were simplified. Both 14C«testosterone
and 3H«testosterone were used in early investigations (Gallagher gt al., 1951;
Fukushima ef al., 1954) and similay results were obtained with both isotopes.
These workers confirmed that androsterone and aetiocholanclone were the main
metabolites but in addition they isolated Sou~androstanedione apnd 53=

androstanedione as intermediates.
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Sa-Androstane-3a,l7f-diol and 5B-androstane-3c,l73-~diol, minor metabolite:
of testosterone, were believed to be reduction products of androsterone and
aetiocholanolone respectively (Schiller gt 21., 1943) and it was presumed
that the pathway to the androstanediols passed through androstenedione and
the corresponding l17-oxosterocids. Baulieu and Mauvais-Jaxvis (1964) have,
however, suggested & direct *1l78-hydroxyl pathway' from studies using
4—4-14C,17aw3ﬁw7testosferone (Figure 1.2). .

Other minor metabolites of testosterone have been isolated from urine
(Aléuandrostene»3amol, Bulbrook ¢t a2l., 1963; éB~hydroxytestosterone and
1ig~hydroxytestosterone, Schubert et al., 1964) although the physiological
significance of such metabolites remazins obscure.

The metabolism of radioactively labelled testosterone glucuronoside
has been studied by Robel gt 2l. (1966a, 1966b). These workers found only
5p=metabolites (aetiocholanolone znd Sp-androstane-3wc,173~diol) and
postulated a 'direct® 58-mefabolism of testosterone glucuronoside, showing
that this conjugate is not merely an end-product of steroid metabolism.

The work of Vande Wiele et al. (1963), Korenman et #l. (1964),

Baulieu and Mauvais-Jarvis (1964), Rivarola et al. (1966), Horton and Tait
(1966) and Baulieu (1967) on the iransformation of circulating
Asnandrostenediol, androstenedione, dehydroepiandrosterone and
dehydroepiandrosterone sulphate {0 testosterone glucuronoside showed that
some of the testosterone is formed in the liver from these precursors. Most
of this hepatic testosterone does not leave the liver, but is extensively
catabolized ju situ, particularly to testosterone glucuronoside, this then
being excreted din the urine, The spparent ‘compartmentalization' of testosterc
metaboelism and the mathematical analyses performed on such investigations
‘have been reviewsd by Baulieu (1967). Such studies have dewmonstrated

that the same steroid h@rmmn@'m&y be differently metabolised depending on the
precursor from which it 4is derived, its place of formationm, and its state of

conjugation,
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Nearly all the catabolites of testosterone are ultimately excreted in
the urine. However, the urinary excretion rates of many of the androgen
metabolites may not reflect their production rates since they may be exposed
to further catabolism (Baulieu et al., 1965; Robel et ai., 19662).

Study of the urinary androgen metabolites remains of clinical diagnostic
significance. Accepting that testosterone is not the only source of such
metabolites and these therefore reflect a compOﬁite endocrinological spectizum
of testicular, adrenal, hepatic and pevipheral metabolism the study of urinary
androgen metabolites may still give information on the actual utilization
of testosterone within the patient.

In the last decade many methods which estimate the majority of urinary
steroid metabolites important for differential endogrinological diagnosis
have been published. Most of these methods utilize gas~liguid chiromatography
as the only chromatographic separation (Haahti ef ai., 1961; Sparagana et zl.,
1963; De Paoli et al., 1963; Ruchelman and Cole, 1966). The prefiling of
urinary sterxoids first introduced by Gardiner and Horning in 1964 has been
of diagnostic use in many types of endocrinological disturbances (Van Xampen
and Hoek, 1967; Hoek and Van Kampen, 1968). Recent methods, however, have
the added advantage of allowing calculation of the rates of excretion of
individual steroids from such profiles (Horning et al., 1969; Garmendia

et al., 1971).

HORMAL SEXUAL DIFFEREMNTIATION IN THE MAL® FOBTUS

The development of the male phenotype and of norxmal testiculer function
is dependent on several determinating processes exerted from the time of
ovur fertilization. A very brief review of such factors is pertinent %o the
aetiology of the pathological conditions later to be considered in this thesis
The gonads develop from primitive germ cells of extragonsdal origin
(Witschi, 1948), ceelomic (germinal) epithelial cells, and cells of the

mesonephric mesenchyme., 'The gonadal sidges develop about the fourth week of



foetal life and appear as elongated ridges on the ventral surface of the
mesonephres. By the sixth week of gestaticon germ cells can be recognised in
the now rounded gonad. At this indifferent stage of development, the gonad
consists of an outer cortex (potentislly the definitive ovary) and an inner
medulla (potentially the def@mitive testis).

Witschl (1951) postulated a dual system of intragonadal inductors
released from the medulla and cortex of the amphibian gonad. Under the

:
influence of the male sex chromosomes these inductor substances from the
rudinentary sex cords suppress covtical development snd favour differentiation
of the ﬁedulla into a testis. Burns (1955) believed these inductor sub=-
stances to be steroids, similar to the androgens and osstrogens, although
Witschi (1965) does not accept that they are steroidal in nature. Jost (1970)
has recently postulated a mammalian masculinization factor released under the
infiluence of the Y chfomosome, whilst Mittwoch (1970) reported that testicular
differentiation of the indiffereant gonad wmay be caused by the differential
growth rates of the two components.

At this indifferent stage a double set of gexual ducts ave present, the
male (Wolffian) ducts and the female (Mﬁllerian) ducts, together with the
bipotential primordia of the external genitalia. On testicular differen-
tiation, the Mgllemian ducts regress whilst the Wolffiasn ducts undergo
further growth and differentiation, thus forming the cpididymis, vas deferens,
seminal vesicles and ejaculatory duct. 'The development of the internal and
external genitalia correlates with the appearance of the Leydig ceils
(Table 1.1).

Since the observations of Bouin and Ancel (1904) of testicular secretion
in pig embryos and theix correlation of this with masculine-orientated
orggnogenesis, many investigations of the role of the gonadal hormones in the
differentiation of ¢he intermal snd external genitalia have been periformed

uging animal experiment. The classical jn vivo studies on rabbit foetuses
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by Jost (1947, 1953, 1970) have shown that castration in uiero after the
gonads were histologically sexually differentiated, but before differen=
¢iation of the interral and external genitalis, produced feminization of
the genital tract regardiess of the genetic sex. Both in vive (Jost, 1955)
and in vitro (Picon, 1969) grafts of testicular tissue imto castrated
foetuses produced masculinization.

The observation that androgens, such as tes?osteroae, can act in place
of foetal testes in their masculinizing effects, although exogenous androgens
fail to imhibit the Mallerian ducts (Jost, 1953), suggests that the testis
produces a Mallerian duct inhibiting factor in addition to a masculinizing
hormone. Further work with the potent antisndrogen, cyprotverone acetate,
in rabbit foetuses has confirmed this hypothesis (Blgesr, 1066; Jost, 1967;
Neumann gt al., 1969). More recent work by Josso (1971, 1972) using explants
of foetal rat reproductive fracts in organ culture with human foetal testes
tas shown the interspecific character of the Miullerian duct inhibiting factor
and shown that this is not a *free' steroid.

Recent animal experimentation has further shown thut testosterone
secreted by the foetal testes induces male differentiatlion of the urogenital
tract by two different mechanisms. 7Testosterone itself is responsible for
initiation of differentistion of the Wolffian duct into the epididymis,
vas deferens and seminal vesicle, whilst 5Su-dihydrotestosterone is
responsible for {the development of the urogenital sinus, genital tubercle
and labicscrotal swelliegs into the prostate, penis and scrotum (Wilson
and Lasnitzki, 1971).

Failure of the foetal testes to produce testosterone during
differentiation of the external genmitaliz results in varying degrees of
hypospadias to a complete lack of fusion of the labioscrotal folds. Fostal
testicular insufficiency, in which there is 2 secretory failure of both

”
testosterone and the Mullerlan duct inhibiting Ffactor, results In a



phenotypic female though infertile, whilst failure of testosterone production
alone results in the formation of female external genitalia but with a blind
ending vagina. The degree of ambiguity of the external genmitalia, the

degree of development of the Wolffian duct structures and ithe extent to which
Mullerian elements persist depends on testicular fumction, the stage of
development at which the defect occurs and the sensitivity of {he end-organ

tissues to these stimuli.

TRSTICULAR FUNCTION TN MALE HYPOGONADISM

In the remaining part of this introduction I will discuss patieants with
abnormal sexual development and attempt fo describe the uadexrlying biochemical
dysfunctioi.

Most classifications of male hypogonadism separate hypogonadism caused
by primary festicular failure and hypogonadism secondary to a deficiency of
pitudltary gonadotrophin secretion. This subdivision will be used here
(Table 1.IX).

PRIMARY THSTICULAR FAILURE

Primary testicular failure can be subdivided into three groups: those
of genetic origin, those due to developmental defects and those due to
failures of spermatogenesls but with apparent normal Leydig cell function.

Klinefelter's Syndrome

In 1942 ¥linefelter, Reifenstein and Albright described the syndrome
characterized by small testes, azoospermia, normzl exteranal genitalia,
gynaecomastia and a high urlnary excretion of gonadotrophin. Although their
paper first grouped such symptoms as & definite clinical eatity, case
reports of similar patients had been published in the early 19th century.

In the original publication (Klinefelter ef al., 1942), gynaecouastia wis
considered a necegsary symptom, whilst Heller and Kelson {1945) described
patients without gynaecomastia but with the other characteristics of the
syndrome. Becker gt al. (1966) reported that approximately one-third of

suchh patients have behavioural problems wihilst 4 per cent are menfally retarde
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In 1956, Bradbury et al., Riis gt 2l.; and Plunket and Barr almost
simultaneously described & posltive sex chromatin pattern (ie Barx body
present) in many patieats with Kiinefelter's syndrome. Jacobs and Strong
(1959) subsequently reported the chromosomal constitution 47,XXY in such
patients. Not all apparent cases of Klinefelier's syndrome are, however,
chromatinepositive. Approximately 25 per cent of cases reported in the
literature are chromatin-negative (Barg, 1966) ?nd it is possible that
many of such cases may have mosaicism. Paulsen gt 2l. 61968) described
four such chromatin~-negative cases of the syndrome, all of whom had an XY
karyotype as judged from skin study. One case had an XY/XXY mosaic¢ in
blood and testis, whilst the other three cases had XY in the blood and
XY/XXY in the testis alone. Thus the somatic features of Klinefelfer's
syndrome can be caused by an XXY stem~line in the testis.

Although the true clinical picture only develops at puberty, prepubertal
patients have been described (Bunge and Bradbury, 1957; Tamner gf al., 1959;
Ferguson=~Smith, 1959; Hamilitonm, 1971b) in patients with mental retardation,
micro-orchidism or skeletal disorders.

No adequate explanation for the histological changes in the testes
has yet been reported,; although the testes fail to respond normally to
pituitary follicle stimulating hormone (FSH). During the initial stages
of pubexty, the testes are characterized by the development of fibrous
tissue, and only Sertoli cells in the seminiferous tubules. Although the
proliferation of the fibrotic tissue may result in complete hyalinization
of the tubules during adolescence, a wide range of patholegical changes has
been reported in patients with this syndrome. These range from normal
spermatogenesis (Bunge and Bradbury, 1956) to complete atrophy of the
" geminiferous tubules. The Leydig cells characteristically show adematous
clunping although the actual numbers mey not be increased. Burt gf al. (1954
using histochemical techniques for lipoidal substances, reported decreased

function of the leydig cells,
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Slaunwhite gt ai. (1962b), studying ip vitro incubation of testicular
{issue from patients with Klinefelter®s syndrome, found normal testosterone
biosynthesis and concluded that such patients (XXY karyotype, &trophic
testes, hyalinized seminiferous tubules with azoospermia and abundant
Leydig cells) may possess a modified target organ insensitivity to
testosterone. The defect in such patients has been ascribed t¢ a decreased
biosynthesis of testosterone (Gabrilove et gl.,11963; Gabrilove, 1964)
although recently an increased conversion to oestrogems has been suggested
(Gabrilove gt al., 1970) and confirmed by Sharma and Gabrilove (1971).
Hamilton (1971b) has recently confirmed normal testosterone biosynthesis in
younger patients with Klinefel{er's syndrome but found a progressive
failure with age.

Most of the indices of t{estosterone secretion have been found to be
reduced in Klinefelteﬁ‘s syndrome., Low levels of testosterone in peripheral
plasma (Lipsett et al., 1966; Hudson ef al., 1967; Paulsen et al., 1968)
and in testicular venous plasma (Dupré et al., 1964; Jeffcoate et 21., 1967)
have been reported. Testosterone production rates are also reduced
(Lipsett gt al., 1966; Hudson gt al., 1967; Jeffcoate gt al., 1967).

Several studies have suggested that the Leydig ceils are maximally
stimulated by endogenous gonadotrephin and respond poorly to administered
HCG as measured by plaswma testosterone (Lipsett et al., 1966; Hudson et 21.,
1967) whilst Paulsen (1988) reported normal, although limited, response in
plasma ftegtosterone following HCG administration.

The neutral l7-cxosteroids have been extensively studied in Xlinefelter's
syndrome and gemerally they arve within (Stewart et al., 1959) or below
(Giorgl and Sommerville, 1963) the low normal range of excretion.

Johnsen (1956), from fractionation studies of the urinary 17-oxosteroids,
reported very low aetiocholamolone excretion in such petients whilst
Gilbert-Dreyfus et al. (1956) found & relative increase in the

3a-hydroxy=17-oxosteroids.
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Recent work by Garmendia et 21. (19071) using a GLC method for the
separation aad gquantitation of individval neutral }7-oxosteroids hasg con-
fixmed these older fractionation studies. They found elevated androsterone,
decreased asetiocholanclone aund decreased dehydroepiandrosterone excretion
in two patients with Klinefelter's syndrome.

A¥X=Male Syndrome

By definition these patients have a male p?enotype, male psychosexual
identification, testes sbsence of ovarian tissué, and absence of female
genital corgans. De la Chapelle et al. (1964) described the first male
patient with the XX chromosome karyotype and no ambiguity of the external
genitalia. Subsequent reports by Therkelsen (1964), de la Chapelie et al.
(1965), Lindsten et al. (1966), de Grouchy gt al. (1967), Sebroun gt al.
(1969) and Bergman et al. (1970) have shown that this condition is a
definite clinical entity. Clinically, XX-males resemble palients with
Klinefelter's syndrome in psychosexual orientation, intelligence, secondary
sex characteristics, testicular histology and hormomal status, the main
difference being their height., XX-males are much smaller than patients
with Klinefelter®s syndrome, smaller than normal males but tallexr than
normal females.

Although the penis and scrotum are generally of normal size im such
patients, testicular size is invariably decreaéed, and their consistency
ranges from firm (in young patients) to soft (mostly in older patients).
Gynaecomastia has beem reported in {wo such cases (Strauch gt al., 1965;
Sebaoun ¢t al., 1969). Histologically the testes generally show absence
of spermatogonia, diminished tubular diameter, hyalinization and obliteration
of the tubules and Leydig cell hyperplacsia.

Sebacun et al. (1969) have reported hormone studies in a 1l5-year-old
Y¥¥-male. They Tound diminished excretion of total urinary l7-oxostercids,

diminished excretion of urinarxy androsterone and setiocholanolone,; but
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normal excretion of urinary dehydroepiandrosterone and the 1liB-hydroxy-
and ll=oxo-l7~oxosteroids, and conciuded that there was normal adrenal
function but poor testicular function. Ismail et al. (1968) reported an
abnormally low excretiom of urinary testosterome in three adult patients

with this syndrome.

Noonen's Syndrome

In 1930 Ullrich reported an 8~year-old gir% with congenital lymphedens,
retarded growth, ptosis, webbing of the neck, a low posterior hairline,
cubitus valgus and hypoplastic nipples. Turner f1938) described similar
congenital malformations together with sexual infantilism but not lymphedema
in seven females aged 15 to 23 years. Later work by Ullrich (1949) claimed
to have found the pathogenetic basis of all cases with Ullrich-Turner
syndrome in the myelencephalic bleb mutation of mice investigated by
Bonnevie (1934).

Flavell (1943) first used the term ‘Turner’s syndrome in the male'
to describe patients'with hypogonadism in association with shoertmess of
stature, webbed neck and abnormalities of the skeletal and cardiovascular
systems. In 1963, Noonan recognised that this syndrome could cccur in
males and females and that it was nosologically and etiologicaliy different
from the Ullrich-Turner syndrome in females with the 45,X0 karyotvpe.
Perguson-Smith (1965) has suggested that Turner's gtigmata in wales is
caused by deletion of certain loci on the Y chromosome.,

In wales the penis and scrotum &re generally of normal size or
enlarged whilst testicuiar size is invariably decreased and crypiosrchidism
and anovchia have been reposrted {(Heller, 1965). The seminiferous tubules
are often small vwith moderate sclerosis, sometimes lined with only Sertoli

‘cells ("testiculay germinal dysgenesis® Fraccaro et é;;; 1961), Leydig
cells have been reported to be absent, reduced or normal. Thus there may
be a nosological problem dependent on the extent of dvsgenesis within the

testes.



The urinary excretion of gonadotrophin is usually elevated in such cases
whilst the urinavy cscretion of l7-oxosteroids is low with no increase
following HCG administration (Schoen, 1965).

Anorchis

These patients have a normal male karyotype (46,XY), normal prepubertal
development of external genitalia, but lack development of secondary sex
characteristics. The eumuchoidal stature chara?teristic ¢f the older
patients with anorchia may be apparent even in the prepubertal period.

By definition these patients have no functioning testicular tissuec although
it is generally agsumed that foetal testes must have been preseant and
functioning throughout early masculine sex differentiustion since absence

of testes then would have resulied in a female phenotype (Jost, 1947).

In some cases interstitial cells present in the retroperitoneal tissue

or along the epididyﬁis and Wolffian duct structures may partially
compensate for anorchia (McDonald and Calams, 1958). In the majority the
etiology is cbscure.’

During adolescence the urinary gonadotrophin excretion is elevated
in all patients with anorchia. The urinary l7-oxostercid excretion is
decreased and the administration of HCG has no effect on either the
17-oxosteroid excretion or on furthering masculinization (Bergada gt 2l.,
1962). Recently Rivarola ef al. (1970) have messured plasma testostercne
in five boys with anorchia before and after the administration of HCG.

They found basal levels of plasma testozterone (37 s ng per 100 ml)
that did not rise on HCG administration.

Cryptorchidism

Cryptorchidism is one of the most common congenital defects in the
young male. Undescended testes may be classified as totally undescanded,
ipcompletely undescended ¢v ectopic (de descended along the wrong line).
Ceyptorchidiam may be unilateral or bilateral end should be carefully dis~

tinguished from the highly retractile testis.
; gLy



Scorer (1964) examined 3,612 male infants and found the incildence
of undescended testes te be 21 per cent in premature infants, 2.7 per
cent in full-term infants and 0.77 per cent after one year. Wazd and
Hunter (1960) found an incidence of undescent of 1.6 per cent in Seyear—-old
boys, whilst in the adolescent age group, 14 to 17 years, only 0.3 per cent
had undescended testes. Yhis closely approximates to the incidence
found in 12,535,824 military recruits (0.28 per‘cent; Campbell, 19593),

t

Histologically the cryptorchid testis shows progressive deterioration.
Incomplete development of the seminiferocus tubules and failure of the
normal maturation of the germinal epithelium occur. Sertoli cells and
Leydig cells are usually normal (Mancinil et ai., 1965) (Figure 1.3). If
the testis remains undescended after puberty, interstitial fibrosis and
tubular hyalinization occur and spermatogenesis is absent (Mancind et al.,
1965).

Bilateral cryptorchidism associated with hypogonadism may be caused
by prenatal hormone disturbances (Johnston, 1968) and genetic factors
may be indicated by the familial occurrence of this disorder. Oxchidopexy
aims at preserving the testicular elements and hopefully the functional
potential. Surgical intervention restores the testis to the normal
scrotal position but the function of the testis can only be normal if
no deterioration has occurred earlier.

Llaurado and Dominguez (1963) bhave shown decreased synthesis of
testosterone from progesterome and subnormal production of testosterone
in response to administered HCG in cryptorchid rats. Similar studies
by Inano and Tamaoki (1968a) have shown a 60 per cent reduction im the
activity of A5»3§whydroxysteroid dehydrogenase. These results are in
agreement with the decreased testosterone secretion (Eik-Hes, 1966;
Amatayakul et al., 1971) and decreascd spermatogenesis (Clegg, 1965;

P I

Amatayakul et al., 1971) noted in experimental cryptorchid sats, and

¥

dogs rendered cryptorchid. Recently Hamilton gt sl. (1870) have



Figure 1.3

Testicular section from a patient with
bilateral undescended testes (Protocol 53,
Chapter 5) aged 11 years 6 months at biopsy.
Note extremely reduced diameter of the
seminiferous tubules (A) when compared vith
'near-normal* testis (Figure 1.5), and normal
appearance of Leydig cells and Sertoli cells

(B) .



reported a 3B8-hydroxysteroid dehydrogenase deficiency in cryptorchid
human testes.

Recently Rivarola et al. (1970) have reported hormal Leydig cell
function from determination of plasma festosterone Lefore and after
administration of HCG (800-5,000 I.U, per day for five days) in prepubertal

patients with unilateral and bilateral ¢ryptorchidism,

Germinal Cell Aplasia

1
Del Castillo et al. (1947) described the syndrome characterized by

absence of the germinal epithelium without impairment of the Sertoli or
Leydig cells. Phenotypically {these patients were of normal stature, had
small testes of normal consistency, normal genital development and were
without gynaecomastia. Histologically the testes showed a complete

absence of the germinal epithelium, the seminiferous tubules were of smaller
diameter and contained only Sertoli cells. The Leydig cells appeared normal
and there was no hyalinization of the basement membrane. Gonadotrophins
were originally described as normal (del Castillo et al., 1947) although
more recent reports indicate that the urinary excretion of these hormones

is increased.

Patients with germinal aplasia have normal negative sex chromatin
patterns in association with a normal male karyotype. This suggests that
the syndrome is not genetically determined. Del Castillo gf al. (1947)
have suggested a failure of migration of the primordial germ cells into
the developing testis during foetal development.

Seminifercus Tubule Failure

The majority of males with infertility have normal secondary sexual
characteristics and no evidence of endocrine disease., Whilst some may
. have mechanical blockages caused by congenital defects of the epididymis

and vas deferens (Girgis et

s

al., 1969), the remainder have abnormalities

of the seminiferous tubules. Although in the majority of such cases with
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seminiferous tubule fallure there 1s no known aetiology, failure in some
cases is secondary to specific diseases.

Mumps orchitis occurring in the adolescent or adult may result in
subsequent testicular atrophy (Scett, 1960). Testicular biopsy shows
atrophy of the seminiferous tubules whilst the Leydig cells normally remain
unimpaired, except in exireme cases where complete loss of testicular
function may occur. Serum FSH concentration is‘elevated (Rosen a2nd Weintraub,

i

1971) this in proportion to the tubular atrophy.

Irradiation damage to the germinal gpithelium is well documented in
the 1iterature. The spermatogonia are much wmore sensitive to radiastion
than the Sertoll or Leydig cells (Mandl, 1964) although recent work has
shown a biochemical lesion in the androgen biosynthetic pathways together
with an increased gonadotrophin secretion and decreased testicular sensitivity
to gonadotrophin (Bllis, 1970).

Spermatic failure may also be secondary to other factors including

pavaplegia and varicoceles of the spermatic cord (Hall et al., 1969).

PITUITARY GONADOTROPHIN FAILURE

Hypogonadism and delayed puberty secondary to a failure of pituitary
gonadotrophin secreticn can be divided into two types: congenital lack of
gonadotrophins alone and those associated with general pituitary digease
or lesions (Table 1,IX). Isolated gonadotrophin failure can be further
subdividad into hypogonadotrophic hypogonadism, the fertiie eunoch syndrome,
and gonadotrophin failure assocdated with various congenital disorders.

Hypogonadotronhic Hypogonadism

The aetiology of hypogonadolrophic hypogonadism is unknown. These
patients are characterized by hypogonadism, delayed pubexty and eunuchoidism.
An association with aposmia, hyposmia, midline facial and neurological
abnormelities is common. These associated defects suggest central nervous

system abnormalities which may prevent the gonadotrophin-releasing mechanism.
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from functioning normally, so disrupting the normal pubertal processes. 1In
these cases the seminiferous tubules are immature and spermatogenesis is
generally absent. Sertoli cells may be present (Bardin et al., 1669) or
absent (Paulsen, 1968) and the Leydig cells are poorly differentiated.

Total gonadotrophin excretion is low or undetectable (Heller and Nelson,
1948; Bardin gf al., 1969) and plasma gonadotrophins fail to respond to
clomiphene (Bardin et al., 1969). éenerally Leydig cell function is reduced
or absent. The plasma concentration of testosterone is very low and the
response o administered HCG variable, although generally poor (Bardin gt al.,
1969).

Fertile Bunuch Svndrome

The term 'fertile eunuch® introduced by McCullagh et al. (1933) is
peshaps a misnomer, since only two authenticated cases of fertility have
been reported. The characteristics of this syndrome are €unuchoidism with
normal=-gized testes, spermatogenesis in the absence of Leydig ceils and an
androgenic respemse {0 administered HCG.

McCullagh gt al. (1953) postulated an isolated defect of LH secretion
with normal FSH secretion. Later work by Faiman ef al. (1968) confirmed
this theory. They found normal urinary and plasma levels of FSH with
undetectable LH before and aftexr clomiphene.

Pituitary Gonadotrophin Failure Associated with Congenital Disorders

Secondary hypogonadism is frequently associated with other congenital
defects in the Laureace-Moon-Biedl syndrome and the Prader-Willi syadrome.

The Laurence-Moon—-Biedl syndrome is transmitted as an autosomal
recessive characteristic and is chaxacterized by hypogonadism, obesity,
mental retardation, polydactylism and retinitis pigmentosa. 1In males the
tegtes show histologically immature geminiferous tubules and poorly
differentiated Leydig cells (Franke, 1950) (Pigure 1.4). The gonadal
dysfunction may be due to either primary testicular failure or hypogonadotropt

hypogonadisn (Reinfrank and Nichols, 1064).



Figure 1.4

Testicular section from a patient with the
Laurence-Moon-Biedl syndrome (Protocol 59,
Chapter 5) aged 5 years 5 months at biopsy.
Although this testis shows the characteristics
of the syndrome, immature seminiferous

tubules and sparse Leydig cells, these
characteristics are found in the testes of

normal boys of this age.



The Prader-Willi syndrome is characterized by hypogonadism, hypomentia,

hypotonia, obesity and pleasant facial features. Diabetes mellitus occurs
in approximately half the patients post=-pubertally (Dunn, 1968). Males
also have & hypoplastic scrotum, undescended testes and delayed puberty.
The urinary excretion of 17-oxogenic steroids is elevated and this is con=-
sistent with the obesity noted in these cases whilst the urimary excretion
of 17-oxosteroids is very low and cénsistent wigh reduced {esticular Leydig
cell function (Dunn, 1968; Monnené and Keanis, 1965).

Anterior Pituitary Disease

Patients with panbypopituitarism usvally show only immaturity and small
stature in childhood. Puberty does not occur at the expected time and the
genitalia remain infantile. Histologically the testes are similar to other
types of prepubertal gonadotrophin failure and show immature seminiferous
tubules, pocr development of the germinal epithelium and poorly differen-
tiated Leydig cells (Albert gt al., 1953). Urinary gonadotrophin excretion
cannot be detected aﬁd the excretion of urinary 17-oxosteroids iz low.
Plasma testosterone is very low and the response to administered HCG

is subnormal (Stuiver et al., 1966).

TESTICULAR FUNCTION IN PHENOTYPIC FREMALES

Tests of Leydig cell function and reserve, although originally
designed to study hypogonadism, are applicable to several types of phenotypic
females including those with the testicular feminization syndrome, XO/XY
mosaicism and true hermaphroditism. Such patients present varying degrees
of masculinization and the gonads may range from normal testes to

undifferentisted sireaks.

TESTICULAR FEMINIZATION SYMDROMB

The complete form of testicular feminization is characterized by a

female phenotype with normal feminization, near normal breast development,



female exterhai genitalia (small or pormal clitoris, blind eading vagina),
absent Mgllerian derivatives and sparse or absent pubic and axillary hair
in agsociation with & 46,XY karyotype and cryptorchid testes (Morris, 1953;
Morris and Mahesh, 1963). Taillard and Prader (1957) have reported
similar patients who show scme degree of secondary sexual development and
partial virilization, especially at puberty, and they classify these as

incomplete forms of the syndrome.

1

L
Complete Testicular Feminization Syndrome

Thege patients fail to virilize at adolescence even though the testes
are abie to synthesize testosterone normally (Griffiths et al., 1963;

Sharma et al., 1965) and wmaintain plasma levels of testostercne similar to
those of normal males (French gt al., 1965; Southrem et al., 1965). French
et al. (1965, 1966) have postulated an antenatal target organ defect in
these patients. Such‘a target organ def&ct in foetal developmeni would
explain the faillure of penile urethral formation, the failure of sndrogens
to inhibié the formation of breast anlage (Goldman and Neumann, 19489) and
the presence of feminine psychosexual differventiation of the byain (Money
et al., 1968).

Histologically the gonads have been described extensively and interpreted
as resembling immature (Pion gt a2l., 1965), foetal (Turner, 1964), infantile
(Neubecker and Theiss, 1962), or undescended testes (Morris, 1953)}. The
seminiferous tubules are usually tightly packed, often deveid of a tubular
lumen without evidence of spermatogenesis, peritubular fibrosis, or
hyalinization. The Leydig cells are generally believed to resémble thoge
of the mature foetus and do not contain Reinke's crystals. Leydig cell
hyperplasia is often described as secondary to the elevated gonadoirophin
in the absence of a negative feedback control (Morris, 1953).

Gual et al. (1962) studied ‘abnommal’ testicular tissuve from a patient

with the testicular feminization syndrome and reported that



Asnandrostene~35,17Q~diol was not further metabolised to testosterone.
Griffiths ¢t al. (1963), incubating tissue from similax patients, reported
normal testosterone synthesis from A4»ster0id precursors although they were
unable to identify oestrogens in the incubation effluent of their experiments.
Normal testosterone biosynthesis in testicular tissue from & patient with
the testicular feminization syndrome was also found by Morris and Mahesh
(1963) whilst Sharma et al. (1965) confirmed nor?al testosterone biosynthesis
in such patients and demonsirated cestrogen biosynthesis from androgen
precursors. PFurther work by French et al. (1965, 1%67), Kase and Morris
(1965), David gt al. (1965), and Gwinup et al. (1966) nas confirmed the
normal testosterone biocsynthesis in the testicular feminization syndrome.

Patients with testicular feminization have a normal or slightly
elevated excretion of 1l7-oxosteroids. The secretion of gonadotrophins may
be either mormal or elevated and increases following castration (Morris,
19533; Morris and Mahesh, 1963). The urinary excretion of testoesterone
(Rivarola et al., 1967; Jeffcoate et al., 1968), and the fractionated
17-oxostexoids (Morris snd Mahesh, 1963; Philip and Sele, 1965), are within
the normal male range. Similarly the plasma concentration of testosterone,
dehydroepiandrosterone sulphate and androsterone sulphate ars in the normal
male range. They increase on administration of HCG but do not decrease on
administration of dexamethasone. This ig dn acéord with their testicular
origin (Pion et al., 1965; Morris and Mahesh, 1963).

Urinary oestrogens are generally described as being in the low female
range or male range and there is no evidence of a cyclic activity of

cestrogen excretion (David et al., 1965).

Partial Testicular Feminidzation Syndrome

These patients often Ffail to feminize al puberty and may even virilize
further. The external genitalia are often ambiguous and there is an associzted

hypospadias. The size of the phallus is variable, often adequate for



functioning as a male organ, or described as an enlarged clitoris. Of the
published cases, approximately half have been raised as males and half as
females, whilst four changes of rearing sex have been effected (Park and
Jones, 1970).

The aetiology of this syndrome is not known, although both testicular
~deficiency and partial non-responsiveness of the target organ have been
suggested as likely causes. ;

1

Histologically the testes of the prepubertal patient are normal
although slight byalinization of the tubules may occur. In the pubertal
and adolescent age groups the testes show signs of atrophy as seen in
undescended testes (hyalinization of the seminiferous tubules, decrease in
Sertoli cell numbers, Leydig cell hyperplasia and absence of spermatogenesis)
(Figure 1.5).

Bowen et al. (1965) reporxted 2 mormal urinary excretion of l7-oxosteroids
but a decreased excretion of testosterone glucuronoside in such patients.
Urinary gonadotrophins have been described as normal or increased. Recently
Rosenfield ¢t al. (1971) found plasma testosterone and plasma androgens in
the male range with an increase on administration of HCG. They comcluded
that their patient sbhowed partial target organ insensitivity to testosterone,
vhilst Saez ¢t 2l. (1971) postulated a defect in testicuilar 17B-reductase

from studies of plasma and urinary androgen metabolites in similar patients.

X0/ XY MOSAICISM

XO/XY mosaicism produces a spectrum of phenotypes ranging from
Turner's syndrome without evidence of masculinization (X0 effect) to a
normal male phenotype (XY effect). These extreme phenotypes will not be
considered here but rather the phenotypes of intersex, presumably due to
.commensuza@e effects of beth the X0 and XY celi lines.

Sohval (1964) introduced the term 'mixed® gonadal dysgenesis to

classify cases with a unilateral testis and a streak gonad on the



Figure 1.5

Testicular section from a patient with female phenotype
and partial form of the testicular feminization
syndrome. The patient was aged 12 years 6 months at
biopsy. Note the abundance of leydig cells betv.-een

the normal-sized seminiferous tubules (A), the early
hyalinization of the seminiferous tubular membrane

and hyperplastic Leydig cells (B) characteristic of
this syndrome.



contralateral side. Such patients may present as phenotypic males or
females. The female phenotype is charactevized by poorly developed
secondary sexual characteristics, with evidence of virilization (eniarged
clitoris, hypertrichosis and masculine voice) whilst the mule phenotype

is characterized by hypospadias, bifid scrotum; small penis and normal
masculine body form. Both male and female phenotypes have negative sex
chromatin, & unilateral testis with a contralatﬁral streak gonad and
unilateral or bilateral lelerian-duct derivatives (fallopian tube, uterus)
and often stigmata of Turmer‘®s syndrome.

Tﬁe competence of the unilateral testis to suppress the development of
the Mallerian ducts is of interest in several cases where a unicormate
uterus and single fallopian tube have been described (Zourlas and Jones,
1965; Hortling gt al., 1970). 1In cases where bilateral Mgllerian
derivatives have been described (Sohval, 1964; Mellman et ai., 1963) a
deficiency of Mgllerian duct inhibiting substance is implied in addition to
a failure of the foetal testis to produce androgen (ambigucus genitalia).

Histologically the testis is variable and has been described ss normal
(Bergada et al., 1962), intermediate between 'pure® gonadal dysgenesis and
'¢rue' hermaphroditism (Sohval, 1964), dysgenic (Mellman et al., 1963) or
Sertoli cells only (Hortling et al.; 1970). Spermatogenesis is normally
absent (Sohval, 1964; Hortling et al., 1970) and the tubules may be
hyalinized (Figure 1.6) or normal (Hortling et al., 1970). Leydig cells
are often hyperplastic and clumped (Flgure 1.6).

The streak gonad is composed predominantly of fibrous connective
tissue often resembling ovarian stroma. Tubular structures representing
remnants of rete or mesonephiic ducts are infrequently nresent (Willemse
et al., 1962). Leydig-type cells have been noted (Hortling et al., 1970).
The streak gonad represents the rudimentary remnant of an embryonic gonadal

vidge before testiculay ox ovarilan differentiation.



Figure 1.6

Testicular section from a patient with the XO/XY
syndrome and female phenotype (Protocol 6,

Chapter 5) aged 12 years 3 months at biopsy. Note
the severe hyalinization of the seminiferous tubules

and abundant hyperplastic Leydig cells (A) often
clumped (B).
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TRUE HERMAPHRODITISM

By definition patients with ¢rue hermaphroditism contain both ovarian
and testicular tissue. Such patients are gemerally classified according to
the position of the gonadal tissue. The lateral variety (testicular tissue
one side, ovarian tissue contralateraily), the bilateral variety (testicular
and ovarian tissue on both sides) and {the unilateral variety (testicular and
ovarian tissue on one 8ide, testicular or ovariin tissue contralaterally)
are noted. Ovotestes are found in some such patients, particularly in the
bilateral variety (either unilaterally or bilaterally) and in the unilateral
variety of hermaphroditism.

These patients are characterized by a complete range of develepmental
abnormalities of both the internal and external genitalia and cannot be
distinguished clinically from other forms of intersexuality. Somatic
abnormalities are occasionally preseat in hermaphroditism with chromosomal
mosaicism. The degree of differentiation of either the Mgllerian or
Wolffian ducts and the extent of masculinization of the external genitalia
are an index of foetal testicular functiom.

Chromosomal analysis has shown that the majority of such cases have
an XX karyotype although other karyotypes have been described (XY, XX/XY,
XO/XY, XX/XXYY and other forms of mosaicism). Josso et al. (1965)
investigated a patient with XX/XY mosaicism and concluded that the mosaicism
was related to double fertilization of the ovum. In cases with either XX
or XY karyotypes it is possible that mosaicism has been overlooked
although further investigations in such patients have failed to find a
second cell line (Root gt al., 1964).

Histologically the separate ovary or testis in these patients have been
described as normal although Overzier (1963), in a review of 171 patients,
reported that patients with negative sex chromatin bad generally under-

developed gonads., The ovotestis is of interest since it usuzlly appears in
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the prepubertal patient as a foetal or immature testis separated by fibrous
tissue (tunica albuginea) from typical ovarian stroma vich in oocytes and
primordial follicles (Figure 1.7). After puberty the germ cells degenerate
and tubular atrophy with hyelinization is often seen. Leydig cell
hyperplasia is noted post-pubertally and is probably secondary to the

almost constantly elevated serum gonadotrophin.

1
THE NATURE OF THE PROBLEM

What is tc be the treatmeni of these patients with ambiguous sexual
development? Does one sex predominate and if so how do we recognize it?
Whatever the sex of rearing, the degree of virilization of the external
genitalia at puberty may necessitate further surgery or hormone treatment
unliess such a prognosis ig available for the neonate.

In the prepubertal patient with hypogonadism the problem is ¢ make the
external gemitaliz conferm to the sex of rearing. Again surgezy or hormone
treatment are usuall? indicated zlthough ia some cases ithis may not have the
desired effects. Ideally we need to know the functional integrity of the
gonads, the levels of hormone production and their metabolism within the
target organ tissues g0 that a2 prognosis cen be given for subsequent

development of the secondary sexual characteristics at puberty.

THE PRESENT TNVESTIGATION

In this investigation varjous parameters of Leydig cell function and
reserve were determined by response to administered human chorionic gonado=
trophin (HCG). The peripheral plasma concentrztion of testosterone and the
daily urinary excretion of total l7-oxosteroids, testostercne and individual
androgen metabolifes were quantitated, before and during administration of HCG,
in a variety of pathological comditions. Results are presented of an investie
gation of 80 patients and later (Chapter 4) I shall attempt to enunciate the

principles on which I think treatment may be justified.



Figure 1.7

Section of an ovotestis from a patient with the
XX/XY genotype and true hermaphroditism (Protocol

5, Chapter 5) aged 6 years at biopsy. Note the
combination of typical ovarian stroma (with follicle)
with seminiferous tubules within this tissue (34).

The testicular component is poorly developed (B),

the seminiferous tubules resembling those seen in

the foetus.
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MATERTALS

RADIOACTIVE-~LABELLED STEROIDS

All radioactively labelled steroids used in this investigation, with
the exception of 4_1,2w3ﬁnyandrosterone, were obtained freom the Radiochemical
Centre, Amersham, Buckinghamshire, England. 4“1,2,6,7u3ﬂ_7Testosterone,
specific activity (S.A.) 87 Ci/mM, was used in tracer amounts to estimate
the recovery of methods developed to quantitate}testosterone in plasma and
urine. 4n4w14CN7Testosterone (S.A. 59 mCi/mM) was used to test the stability
of the tritium labelled testosterone, whilst 4m7a—35ﬂ7dehydr0epiandrosterone
sulphate (S.A. 4.6 Ci/mM) was used to test the hydrolysis technique.
4“1,2wBHH7Androsterone (5.A. 40 Ci/mM) was obtained from New England Nuclear,
Albany Street, Boston, Mass., USA, and used in tracer amounts to estimate
the efficiency of derivative formation éf androsterone~3~heptafluorobutyrate,
the internal standard used for gas-liquid chromatography quantitation of
testosterone in biological samples.

All radioactively labelled steroids required purification by thin layer
chromatographic (TLC) systems before use. A single peak of Gaussian form
obtained on radiochromatogram scanning was taken as the indication of purity.
Generally development in at least three separate TLC systems was required
to obtain such a2 peak. Then as much as 5 per cent of the radioactivity in
the commercially supplied radioactively labelled steroid was removed as
impurity. All purified radioactively labelled steroids exhibited the same
chromatographic mobility as 2 corxresponding unlabelled ceference standard.
Working solutions of the purified radioactively labelled steroids were made
with benzene:chloroform (6:1) for free steroids, and with ethanol for

conjugated steroids. The working solutions were stored at 5.

UNLABZLLED REFERENCE STEROIDS

Standard steroids were obtained from Koch-Light Laboratories Lid

(Colnbrook, Buckinghamshire, England) and Sigma London Chemical Co. Ltd



(Norbiton Station Yard, Kingston upon Thames, Surrey, England). Small
quantities of epitestosterone (170-hydroxyandrost-4ene-3one),
Aq-androstene—36,17B—diol and the glucuronoside and sulphate conjugates of
epiandrosterone (3B~-hydroxy~Sa=androstane~17-one) were obtained from the
M.R.C. Steroid Reference Collection (Chemistry Department, Westfield College,
Hampstead, London NW3).
REAGENTS

Absolute ethanol (A.R. quality) was obtainld from James Burrough Ltd
(Fine Alcohols Division, Mon{ford Place, London SEll, England). ‘'Peroxide-
free' diethyl ether was purchased from May and Baker Ltd (Dagenham, Essex,
England). Heptafluorobutyric anhydride and toluene 'scintillation grade'
were obtained from Koch~Light Laboratories Ltd. PPO and POPOP, the primary
and secondary solutes dissolved in toluene to produce the ligquid scintillator,
were obtained from Hopkin and Williams Ltd (Asschem, Redding Industrial
Estate, Redding, Fallkirk, Scotland). All other chemicals, unless otherwise

noted in the text, were purchased from B.D.H, Chemicals Lid (Poole, Dorset,

England) and were normally of ‘Analar' specification.

ENZYME PREPARATION

The enzyme B-glucuronidase, used for the hydrolysis of urinary steroid
glucuronosides, was prepared in this laboratory according to the M.R.C.
method (1963). Limpets (Patella vulgata) were collected from the rocky
shore of the Clyde Estuary, two hours after high tide and immediately
brought back to the laboratory in sea water. The molluscs were removed
from their shells and the black viseral hump was dissected from the muscular
foot. Batches of approximately 150 g of visceral humps were homogenized for
two minutes with twice the volume of ice-cold water. After centrifugation
' FlOOO r.p.m.) the supernatant was decanted and acetone added to bring the
concentration to 60 per cent acetone in water in order to precipitate the

proteinous enzyme. The mixture was allowed to stand overnight in the
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refrigerator (SOC) at this stage. The supernatant was then removed after
centrifugation at 1000 r.p.m. and discarded. The acetone precipitate was
resuspended in acetone, washed by -thorough mixing and centriftiged. The
washing and centrifugation were repeated until all the chromogenic material
had been removed by the acetone. The precipitate was dried at 250C,
powdered and assayed for B-glucuronidase activity.

Assay of (3=-Glucuronidase Activity

1
The method developed by Talalay et al. (1946) was used to assay the

potency of the f~glucuronidase extract. The limpet powder (200 mg) was
dissolﬁed in deionised water (40 ml) and 1 ml of the resulting suspension was
made up to 12.5 ml with deionised water. O.5 ml of this dilute solution
(equivalent to 200 pg of enzyme powder) was used for estimation of
B=glucuronidase activity.

0.1 M acetate bﬁffer (4 m1) (5.785 g sodium acetate and 3.25 ml glacial
acetic acid per litre of deionised water, adjusted to pH 4.6) was placed in
four tubes. Phenqphfhalein glucuronoside (50 pug) was added to the two
experimental tubes but not to the two control tubes. All tubes were then
placed in a water bath at 38°C and allowed to equilibrate. The enzyme
solution (0.5 ml) was added to each tube at timed intervals, mixed, stoppered
and incubated for exactly 60 minutes. The reaction was stopped and the
colour developed in all tubes by the addition of 0.4 M glycine buffer (5 ml)
(16.3 g aminoacetic acid, 12.65 g sodium chloride and 10.9 ml concentrated
sodium hydroxide 1:1 (w/v)). Finally, phenoiphthaiein glucuronoside (50 ug)
was added to the two control tubes. The optical densities of the experimental
and control tubes were read against standards of phenolphthalein (5~30 ug)
in a Unicam SP600 spectrophotometer (Pye Unicam Lid, York Street, Cambridge,
England) set at 540 nm and employing matched glass cuvettes of 10 mm light
path (Starna Ltd, Oueens Road West, London E13, England). The potency of

B-glucuronidase is then expressed in Fishman Units per gramme enzyme
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preparation where one Fishman unit is equivalent to 1 pg phenolphthalein
liberated from the substrate (phenciphthalein glucuronoside) by 1 g
of enzyme powder.

Optical densities (OD) obtained on assay of the B~glucuronidase used in
this investigation are given below. The spectrophotometer was zeroed
against deionised water.

READINGS

OD 540 Coatrol - 03 ... (A)

OD 540 25 pg Standard (phenolphthalein) 211 ..., (B)

OD 540 Experimental test 223 ..... (©)

CALCUIATION

25 ug phenolphthalein & (B - A) = OD 208

J. 26,44 g phenolphthalein % (C - A) = OD 220

200 pg enzyme powder liberates 26.44 pg phenolphthalein

<. 1 g enzyme powder liberates ggéﬁimim;gi ig phenolphthalein
. 200

ie 132,200 pg phenolphthalein

Thus 1 g enzyme powder contains 132,200 Fishman units.

BASIC METHODOLOGY

THIN LAYER CHROMATOGRAPHY

Merck pre~coated thin layer plates of silica gel 60 F (pre-~coated

254
layer thickness 0.25 mm) were purchased from Anderman and Co. Ltd (Central
Avenue, East Molesey, Surrey, ¥ngland). These plates were used without
further washing or activation by heat for purification of testosterone

extracts from plasma and urine.

Chromatography

Samples were applied to the thin layer using disposable micropipettes,
a TLC tray and 2 spotting guide (Baird and Tatlock (London) Lid, Asschem).

After the application of samples, the chromatogram was developed in a TLC



tank lined with Whatman 3 MM chromatography paper (iI. Reeve Angel & Co. Ltd,
New Bridge Street, London EC4, England) using 100 ml of the appropriate
solvent system for each development.

Detection of Steroids on TLC Plates by Ultraviolet Lieht

A4—3~0xosteroids were visualised on TLC plates using light emitted
at 254 nm from a *BTL Ultraviolet¢ lawmp for TiLC!' (Baird and Tatlock (London)
Ltd). The fluor content of the silica gel, desgribed above, facilitated
detection. Other standard steroids were located after spraying with
Rhodamine 6 G (0.1 per cent w/v in ethanol).

Radiochromatogram Scanning

Radioactively labelled steroids were located on TLC plates using a
Panax 'Thin Layer Radiochromatogram Scanner, Model RTLS la® (Panax
Equipment ILtd, Redhill, Surrey, England), in conjunction with a Smith's
Flatbed Recorder (Smith's JIndustries Ltd, Industrial Instrument Division,
Wembley Park, Middlesex, England). The detector gas was a2 mixture of
argon (2 per cent) and propane (98 per cent) (British Oxygen Company Ltd,
Special Gases Department, Deenr Park Road, London SW19, England) regulated
to a gas flow rate of 50 ml per minute. All plates were scanned at the
15 x 2 mm detector aperture, adjusted to a height of approximately 1 mm
above the TLC plate. The detector voltage was set at 1,040 V, detector
dead time 200 pS and discriminator bias at 10 mV. A time constant of 100
seconds and & scanning speed of 30 mm per hour were employed. The range
of counting varied with the amocunt of radioactivity to be scanned.

Elution procedure

The silica on areas of thin lavers to be eluted was loosened free
from the TLC plate glass using a disposable scapel blade. The loosened
"silica was drawn by suction into a vacuum thimble filter. These filters

consist of a sintered glass filter disc (approximgtely 1 cm diameter)

encased in, and at one end of, glass tubing (4 cm long) to which at each
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end narrower tubing €3 mm diameter, 2 cm long) is fused. These devices

are a simplified version of the 'vacuum cleaners' described by Matthews et al.
(1962) and are made to the above specification by Glass Appliances Ltd

(488 Holburn Street, Aberdeen, Scotland)., The eluent, normally methanol
and/or ethyl acetate unless otherwise specified, was added to the inverted
vacuum thimbles and the resulting eluate, which emerged through the filter,

collected in test tubes (Figure 2.1).

LIQUID SCINTILLATION COUNTING

Radioactivity was measured by liquid scintillation counting using a
Nuclear Chicago Mark 1 Scintillation Computer (Nuclear Chicago Corporation,
Inc., Des Plaines, Illinois, USA) calibrated for simultaneous counting of
140 and 3Hemployingthree channels. The scintillation fluid was toluene
based and contained 4 g per iitre PPO (2, 35wdiphenyloxazole) as the primary
scintillator and 0.05 g per litre POPOP (1,4-di~(2~(5-phenyloxozolyl))=-benzens
as the secondary scintillator. OQuenched standards (Nuclear Chicago
Corporation, Inc.),-containing an identical scintillation solution, were
used to establish quench correction curves employing external standard
channels ratio techniques and the external standard of 1338& incorporated
into the scintillation counter.

All samples were counted in 20 ml scintillation fluid for 20 minutes.
Aqueous samples containing free radioactively labelled steroids were blown
to dryness under nitrogen at 40°C and then redissolved in the sc¢intillation
filuid, whilst radioactively labelled conjugated steroids were incorporated
into the toluene based scintillator by dilution with 20 per cent .methanol.

All results of guantitation by such 1liquid scintillation counting are
expressed as disintegrations per minute (dpm) taking account of the channels
ratio with the external standard.

GAS LIOUID CHROMATOGRAPHY

A Pye Series 104, Model 84 gas chromatographic system (Pye Unicam Ltd,

York Street, Cambridge, England) was employed.



Figure 2.1

Extraction thimbles used for the collection and
elution of silica from TLC plates. Elution of
steroids from the silica was facilitated by
percolation of solvent through the silica and
sintered glass filter disc of the inverted thimble

The eluate was collected in test tubes.
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Flame ionization detection (FID) was used to determine column
separating powers and for detection of androgens and androgen metabolites
in urine. The following gas flow rates were used with FID: oxygen~free
nitrogen carrier gas = 40 ml per minute; hydrogen -~ 40 ml per minute;
air - 650 ml per minute. Oxygen-free nitrogen and air were supplied by
British Oxygen Co. Litd, hydrogen was purchased from Messer Griesheim Ltd
(43 Knights Hill, West Norwood, London SE27, Enqland). Gas purification
bottles were used with all gases;

" Blectron capture detection (ECD), using a 63Ni source and a pulse
voltage of 150 pS, was used in the final quantitation of extracts from
urine and plasma. Column details and running conditions will be indicated
in the text. |

The samples were injected into the column using a 10 pl SGE syringe
(Phase Separations Ltd, Queensferry, Flintshire, Wales). 'The recorder was
a Philips Flat Bed Recorder, Model PM80OOO (Pye Unicam Ltd) and a chart

speed of 5 mm per minute (30 cm per hour) was used throughout the investigatios

PRELIMINARY URINE TESTS

COLLECTION OF SAMPLES

Complete 24-hour urine collections were made from patients in hospital,
under the supervision of the nursing staff. Specimens were collected in
screw~top bottles to which chloroform (5 ml) was added as a preservative,

N - . (o]
Urine specimens were stored at 5 C.

DETERMINATICN OF CREATININE

A modified Folin (1905) adaptation of the colour veaction of creatinine
with alkaline sodium picrate first described by Jaffé (1886) was used for
the determination of creatinine in 24~hour urine collections. Several of
the modifications suggested by Bonsnes and Taussky (1945) were applied

in the method,
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After measuring the total urine volume, duplicate aliquots (0.5=2 ml)
containing 0.7 to 1.2 mg creatinine were pipetted into 100 ml volumetric
flasks. A reagent blank containing deionised water (1 ml) and a standard
flask containing creatinine stock standard (creatinine 1 g/l in O.1 N HCL)
(1 ml =1 mg) were prepared in similar flasks. Saturated picric acid
(15 g picric acid per litre deionised water) (2 ml) was added to each flask
followed by the addition, at timed intervals, oﬁ 1 M sodium hydroxide (1 ml).
The flask contents were thoroughlf mixed and allowed to stand exactly 10
minutes at room temperature before dilution to volume with deionised water.
After dilution the contents were thoroughly mixed again and an aliquot
transferred by Pasteur pipetie to a cuvette of 10 mm light path. Optical
densities were read at 490 nm on a Unicam SP60OC spectrophotometer with zero
set against the reagent blank.

The milligram equivalents of the test samples relative to the standard
creatinine were calculated, and after adjustment for the aliguot of urine
taken, and for the total 24-~hour urine volume, the final results were
expressed as mg creatinine per 24 hours.

Standard creatinine was found to obey the Beer-Lambert Law (Figure 2.2)
at the concentrations used. This permitted direct quantitation of creatinine
in test samples. The recovery of creatinine added to urine was cone~
sistently greater than 95 per cent. Results of typical recovery experiments
are shown in Table 2.I. Duplicates were consistently within 3 per cent

and inter~batch difference was less than 5 per cent.

CREATININE AS AN INDEX OF ACCURACY OF 24-HOUR URINE COLLECTIONS

Serial 24-hour urine specimens (4-5 days) were collected from children
in hospital, under the supervision of the nursing staff. Considerable
‘fluctuation was found in the volume of some 24~hour urine collections over
the period of test. The completencss of certain specimens was therefore

questioned.
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Figure 2.2 Optical density of creatinine as assayed by the Jaffé
colour reaction. The results were corrected for
reagent blank. Note the obedience of the results to
the Beer-Lambert Law at creatinine concentrations

between 0.5 and 1.1 mg/100 ml.
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RECOVERY OF CREATININE ADDED TO URINE

Optical Density

Recovery of

Test @ 490 nm Creatinine
%
Standard creatinine (1 mg) 1.20 -
Urine A 0.25 -
Urine A + creatinine (1 mg) 1.40 95.8
Urine A + creatiniﬁe (0.75 mg) 1.13 97.8
Urine A + creatinine (0.5 mg) 0.865 102.5
Urine A =+ creatinine (0.2 mg) 0.47 91.7
Urine A + creatinine (0.1 mg) 0.365 05.8
Urine A + creatinine (0.05 mg) 0.30 83.3
Urine A + creatinine (0.02 mg) 0.268 75.0

Recovery is acceptable (98.7 per cent) if aliquol analysed

contains between 0.7 and 1.2 mg creatinine




As long ago as 1905 Folin (1905b) observed that although considerable
individual variation was noticed, the daily quantity of urinary creatinine
was remarkably constant for the individual and that this constancy of
creatinine excretion could be used as a gauge of the completeness of a
24=hour urine specimen. Smith (1942) found the creatinine test of great
use in assessing accuracy of collection of 24~hour specimens. Wray and
Scott Russell (1960) and Paterson (1967) confirTed that the 24-hour
excretion of creatinine was significantly more constant than the 24-hour
urine volume.

In this work results of the determination of creatinine in serial
24=hour urine specimens were viewed critically., After rejection of
significant outliers (Dixon, 1951) the mean creatinine excretion was cal-
culated for each patient. Division of fhis mean creatinine excretion by
the individual daily creatinine excretion gave the creatinine correction
factor for each urine collection. All results of vrinary steroid deter-
minations were adjusted to a constant creatinine excretion over the test
period by multiplication of the 24~hour urinary excretion of steroids by
the creatinine correction factor. Approximately 2 per cent of the urine

specimens were discarded as 'insufficient' for analysis.

GROUP_ DETERMINATION OF 17=-OXOSTEROIDS

After measuring the total urine volume, dﬁplicate 10 m1 aliquots
of undiluted urine were pipetted into boiling tubes of approximately
40 ml capacity. The tubes were placed, unstoppered, in vigorously
boiling water and allowed to come to temperature. Concentrated hydrochloric
acid (1 ml) was added to each tube, and boiling was continued for exactly
JO minutes to hydrolyse conjugated 17-oxosteroids.

The tubes were cooled rapidly in ice prior to extraction of steroids
with chloroform (10 ml). After inversion of the tubes 20 times, the upper

aqueous layer was removed using a Pasteur pipette attached to a water
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suction pump. The chloroform was washed with 1 M sodium hydroxide (2 ml)

and then with deionised water (2 ml). After each wash the aqueous layer

was removed by suction. The organic phase was filtered throuéh Whatman

No. 1 phase separating paper to remove the water and an aliquot (5 ml)

of the filtrate transferred to a 10 ml test tube. Evaporation was
accomplished under nitrogen, the tubes standing in a water bath at 40°C.

The 17-oxosteroid content of the dried residue Yas estimated colorimetrically

by the Zimmermann reaction.

THE_ZIMMERMANN REACTION

The James and de Jong (1961) modification of the Zimmermann reaction
was used throughout this study. These authors recommend the use of
tetramethylammonium hydroxide in preference to the less stable potassium
hydroxide. A reaction mixture of 0.5 per cent dinitrobenzene and 23 per
cent tetramethylammonium hydroxide in proportions 2:1 was used. The
separate reagents were s%;red at SOC until used.

The freshly constituted reaction mixture (0.25 ml) was added to the
dried urine extracts from the above procedure. Duplicate reagent blank
tubes and duplicate standard tubes containing dehydroepiandrostercne (10 ug)
plus the reaction mixture were processed with each assay. The tubes were
stoppered and incubated in the dark at 25°C for one hour (Figure 2.3).
Ethanol (50 per cent) (2 ml) was pipetted into each tube and the Zimmermann
colour extracted into diethyl ether (3 ml).

After separation of the phases, the upper ether layer was itransferred
by Pasteur pipette to a cuvette of 10 mm light path (Starna Ltd). Optical
densities were read at 435, 515 and 595 nm (Figure 2.4) on a Unicam SP6CO
spectrophotometer with the zero reading set against diethyl ether. To
correct for interfering chromatogens the Allen correction formula (1950)
was applied to the optical densifies at the wavelengths given above.

The corrected optical demsity at 515 nm (COD 5) is given by:=

Sk
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Figure 2.3 The increase in optical density of the Zimmermann

chromatogens with time. Routinely the reactants were
incubated for 1 hour at 25°C in the dark. The reaction
mixture consisted of dinitrobenzene and tetramethylammonium
hydroxide (2:1, v/v) (0.25 ml) added to the dry residue.
Standard DHA (10 ﬂg) was used in the above experiment and
the Zimmermann chromatogens extracted into diethyl ether

from the aqueous phase.
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Figure 2.4 Optical density spectra of Zimmermann positive

colour at varying wavelengths. DHA (15 pug) was
incubated in the dark at 25°C for 1 hour with
Zimmermann reagegt (Figure 2.3). Routinely-
optical densities were measured at 435, 515 and
595 nm and the Allen correction (Allen, 1950)

applied.
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COD, o = 00D, / 435 . 595]

Where OOD5

15 is the observed optical density at 515 nm

OOD435 is the observed optical density at 435 nm

OOD595 is the observed optical density at 595 mm

The re;gent blank reading was subtracted from standard and test
readings. The microgram equivalents of the test samples relative to the
standard DHA were calculated, and after adjustmént for the aliquot of
chloroform extract taken, and for the total 24-hour urine volume, the
final results were expressed as hg 17-oxosteroids per 24 hours.

Standard dehydroepiandrosterone (DHA), in the diethyl ether phase,
was found to obey the Beer~Lambert Law (Figure 2.5).

Recovery experiments were carried out frequently. The recovery of
DHA added to water and urine and processed through the method was con-
sistently above 80 per cent. Typical results of recovery experiments are
given in Table 2.II. Replicate estimations of 17-oxosteroids were always

made. When the results of duplicates differed by s per cent from the

mean the test was repeated.

ESTIMATION OF PLASMA TESTOSTERONE

All patients were investigated by permission of fully informed
parents and in accordance with the ethical standards of the establishment.
Peripheral venous blood (10-20 ml) was delivered immediately to a
tube containing lithium heparin. The plasma was separated by centrifugation
and transferred to a plain tube. The plasma was either processed
immediately or stored at ~15°C until assayed.
A flow diagram of the methods used for extraction, purification and

quantitation of testosterone in plasma is shown in Figure 2.6.
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Figure 2.5 Optical density of the Zimmermann colour for DHA in the

range 5«25 pug. The results were corrected for reagent
blank. Note the obedience of the results to the

Beer~Lambert Law.
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TABLE 2.II RECOVERY OF DA FROM WATER AND URINE,
THE COMPLETE METHOD OF ASSAY FOR 17-OXOSTEROIDS WAS USED.

Extraction was made with chloroform (10 ml).
Aliguot of 5 ml taken for the Zimmermann reaction.

1
Wavelength (nm) Percentage
Test AC AC=RB Recovery

435 515 595 of DHA

Reagent Blank 054 044 012 011
000

047 040 011 011
Standard DHA 077 188 073 113
(10 ug) 099

072 178 070 107
Water 010 018 002 012

. 001

012 018 ©00 012
Water 074 184 052 116
plus DHA 098 07.98%
(20 pg) 072 168 060 102
Urine A 174 317 146 157
(adul?) 143

356 400 142 151
Urine A 294 491 196 246
plus DHA 229 86.87*
(20 pg) 292 476 192 234

AC = Allen correction (Allen, 1950)
RB = Reagent Blank

* Adjusted for aliquot taken for Zimmermann reaction
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EXTRACTION

Zrl,2,6,7-3H“7Testosterone (5.A, 87 Ci/mM, 0.036 uCi) was added to
each sample of plasma for estimation of the recovery. The plasma was made
alkaline by the addition of 1 M sodium hydroxide (1 ml) to restrict the
quantity of lipids likely to be extracted (0'Gata and Hirano, 1933).

After the addition of the sodium hydroxide the plasma was immediately
extracted three times with diethyl ether (3 x 20 ml). The diethyl ether
extract was washed with 10 per cent acetic acid (5 mi) and deionized water
(5 ml1). Washing with water was repeated until the extract was neutral.
The neutralized ether extract was transferred to a boiling tube (50 ml)
which was then placed in a water bath at 40°C. ‘The ether was removed by
blowing to dryness under a strecam of nitrogen. The dried extraci was
dissolved in 70 per cent methanol (10 ml) and partitioned against hexane
(2 x 10 ml) (Oertel, 1961). The lower aqueous methanol layer was removed

and blown to dryness under a stream of nitrogen as before,

THIN LAYER CHROMATOGRAPHY OF FREE STEROIDS

The dried extract was quantitatively applied to the origin of a silica
thin layer using dichloromethane (3 x 20 pl) and methanoi (2 x 20 pl) as
vehicles. The chromatogram was developed in the solvent system,
benzene:methanol (85:15, v/v) (Guerra~Garcia gt al., 1963) for two,
one~hour periods, allowing the plate to dry in air before the second

development. In this solvent system the R_. of testosterone is 0.58. The

£
RS (testosterone) values of standard steroids and their sulphate and
glucuronoside esters are given in Table 2,II1. The silica over the
radioactive area, representing the 3H~testosterone initially added to the
plasma, and located by radiochromatographic scanning, was removed and
eluted first with dichloromethane (3 x 2 ml) and then methanol (3 x 2 ml).

The eluate was collected in & conical centrifuge tube (10 mil), reduced

to small velume under nitrogen, and applied quantitatively as a spot to the
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Figure 2.6 Flow diagram of the procedures used in the
estimation of plasma testosterone

concentration.



TABLE 2.III SEPARATION OF STEROIDS AND STEROID CONJUGATES BY THIN LAYER
CHROMATOGRAPHY IN BENZENE:METHANOL (85:15, v/v)
Rg.value*
Testosterone B=~D-glucuronoside 0.01

Dehydroepiandrosterone glucuronoside 0.01

" Androsterone sulphate 0.07
Dehydroepiandrosterone sulphate 0.08
Cestriol ' 1 0.23
Cortisol 0.46
118-Hydroxytestosterone 0.4¢9
Sa=Androstane~38,173-diol 0.55
5B=Androstane-3x,173~diol 0.67
Sa=Androgstane-3x,178=diol 0.75
17a~-Hydroxypregnenolone 0.76
17a~Hydroxyprogesterone 0.79
11g-Hydroxyaetiocholanolone 0.80
11B~Hydroxyandrosterone 0.88
178-Oestradiol 0.88
Testosterone i.00
11-Oxcandrosterone 1.01
Epitestosterone 1.03
11-Oxoaetiocholanolone 1.07
Epiandrosterone 1.13
Dehydroepiandrosterone 1.14
53~Dihydrotestosterone 1.17
As-Pregnenolone 1.18
Aetiocholanolone 1.18
Sa=Dihydrotestosterone 1.19
Androsterone 1.21
A% -Androstenedione 1.31
Oestrone 1.32
Progesterone 1.38
So-Androstanedione 1.41

Development 2 x 1 hour

* 5 = testosterone Rf 0.58
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origin of a second silica thin layer using ethyl acetate (4 x 10 pl) and
methanol (2 x 10 pl) as vehicles. The chromatogram was developed in the
solvent system, benzene:ethyl acetate (6:4, v/v) (Korenman gt al., 1963)

for two, one-hour periods as before. RS values (relative to testosterone,
Rf 0.30) of standard steroids developed in this solvent system are given

in Table 2.IV. The silica over the radioactive testostzrone area as located
by radiochromatographic scanning, was removed anF eluted with ethyl acetate
(3 x 2 ml) and dichloromethane (3 x 2 ml). The eluate was dried under a

stream of nitrogen as above and esterified with heptafluorobutyric anhydride

(page 71).

ESTERIEICATION OF STEROIDS

The low level of testosterone in urine and plasma of children demands
sensitive methods for its detection. Clark and Wotiz (1963) first observed
that heptafluorobutyrate derivatives of steroids exhibited a high electron
affinity, due to the introduction of 7 fiuorine atoms into the steroid
molecule. Nakagawa éﬁ al. (1966) investigated several halo-alkyl esters of
testosterone with regard to their sensitivity to electron capture detection.
They found testosterone mono-heptafluorobutyrate one of the most sensitive,
although the di~heptafluorobutyrate, monochlorodifluoroacetate and perfluoro-
octanoate esters showed an even higher electron‘affinity. Van der Molen et al,
(1967), using the mono-heptafluorobuiyrate ester of testosterone for the
detection of testosterone in plasma, were able to detect its presence in
nanogram (ng) and picogram {(pg) quantities. Plasma extracis and steroid
standards were treated with heptafluorobutyric anhydride using z modified
method for esterification.

Preparation of Standard Testosterone=l17-~heptafluorobutyrate

Esterification of testosterone may occur at Cl7 and also at C3 by
enolization of the 3~keto~group. The reaction of testosterone with

heptafluorobutyric anhydride under different coanditions gives high yields of



TABLE 2.IV SEPARATION OF STEROIDS BY THIN LAYER CHROMATOGRAPHY IN
BENZENE:ETHYL ACETATE (6:4, v/v)

Free steroid BS_X&lHE*
liB-Hydroxyaetiocholanolone d.61
11-Oxoaetiocholanolone | 0.62
118~Hydroxyandrosterone 0.74
11-Oxcandrosterone 0.74
Testosterone 1.00
Epitestosterone 1.06
As—Pregnenolone 1.24
58~Dihydrotestosterone 1,28
Epiandrosterone 1.30
Dehydreepiandrosterone 1.45
Androsterone 1.47
Aetiocholanoloene 1.50
SaéDihydrotestosterone 1.50
173 -Oestradiol 1.63
Aanndrostenedione 1.65

Development 2 x 1 hour

* 5 = festosierone Rf 0.30
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testosterone~17-mono~heptafluorobutyrate and two isomeric enol esters, the
diheptafluorcbutyrates of androst-2,4-diene=-303,17g~-diol and
androst-3,5~diene-33,178-diocl (Devaux and Horning, 1969). As both the
diheptafluorobutyrates are reported to be unstable on silica gel thin layer
chromatography (Van der Molen ¢t al., 1967; Devaux and Horning, 1969)
reaction conditions were used to form testosterone~17«heptafluorcbutyrate
in high vield. 1
Testosterone (1 mg) was dissolved in dichloromethane (1 ml) and
heptaf}uorobutyric anhydride (50 pl) added. After thorough mixing on a
Vortex mixer, the reactants were allowed to stand at room temperature for
30 minutes. Excess reagent was removed by evaporation to dryness at room
temperature under a stream of nitrogen. éml,2,6,7—33_7Testosterone (S.A.
87 Ci/mM; 20 nCi) was added to the standard testosterone, prior to esterifi-
cation, for recovery éurposes. The dried esterified testosterone was
quantitatively applied to the origin of a silice thin layer using ethyl
acetate (5 x 20 ub) And the chromatogram developed iﬁ cyclohexane:ethyl
acetate (1:1, v/v). A two~dimensional development was used, each development
periocd being 55 minutes. The TLC plate was allowed to dry after the first
development before being turned through 90° for the second development.
The location of the UV~absorbing steroids is shown in Figure 2.7. The
silica area containing testosterone-17~heptafluorobutyrate was scraped
from the plate and eluted with ethyl acetate (3 x 2 ml) and acetone (3 x 2 ml).
The solvent was removed by evaporation under a stream of nitrogen. The
ester was dissolved in ethyllacetate (1 ml). An aliquot (0.1 ml).was taken
for 1liquid scintillation counting of radioactivity and from this count the
percentage conversion to the mono-heptafluorcbutyrate wos calculated. A
conversion of 85 per cenit of testosterone to testosterone-17-heptafluorobutyrat
(T-HFB) was consistently achieved by this method. Calculated dilutions of the
ester were made in ethyl acetate such that 1 ul contained 1 ug T-HFB for FID

and 1 pl contained 1 ng T-HFB for ECD.
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A single peak was obtained by GLC analysis of the T~HFB (Figure 2.8).

Preparation of Standard Androsterone-3-heptafluorobutyrate

Esterification of androsterone only occurs at the hydroxyl on the C3
position. Androsterone-3-heptafluorobutyrate was therefore prepared under
the same reaction conditions as for testosterone-17-heptafliuovobutyrate.

Androsterone (1 mg) was dissolved in dichloromethane (1 ml) to which
was added heptafluorobutyric anhydride (50 pl). 1After thorough mixing on a
Vortex mixer, the reactants were éllowed to stand at room temperature for 30
minutes. Excess reégent was removed by evaporation to dryness at room
temperature under a stream of nitrogen. 471«,2a~3H;7Androsterone (S.A., 40 Ci/n
20 nCi) was added to the standard prior to esterification, for recovery
purposes. Partition of 3H—androsterone between n-hexane and 70 per cent
agueous methanol (1:1, v/v) gave 2 quantitative recovery of radioactivity
from the agqueous methanol phase. When partition between the above golvents
was repeated after esterification 69.8 per cent of the original radioactivity
was recovered in the hexane phase indicating a quantitative conversion of
androsterone to androsterone-~3-heptafluorobutyrate.

This phase was then reduced to a small volume under ni%rogen and applied
quantitatively to the origin of a silica thin layer using ethyl acetate
(2 x 20 pl) and acetone (2 x 20 pl). The TLC plate was then developed in
cyclohexane:ethyl acetate (1:1, v/v) for one hoﬁr. Following radiochromato-
graphic scanning the silica on the radiocactive area was scraped off and
eluted with ethyl acetate (3 x 2 ml) and acetone (3 x 2 ml1l). The eluate
was blown to dryness under a stream of nitrogen and the ester redissolved
in ethyl acetate (1 ml). An aliquot (0.1 ml) was taken for liquid
scintillation counting of radiocactivity and from this count the percentage
conversion to androsterone=3-heptaflucrobutyrate was calculated. A conversion
of 90 per cent of androsterone to androsterone-3-heptafluorobutyrate (A-~HEB)
was consistently achieved by this method. Calculated dilutions of the ester

were made in ethyl acetate such that 1 upl contained 1 pg A-HFE for FID and
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1 pl contained 1 ng A~HFB for ECD. Gas liquid chromatography of standard
androsterone esterified by this method gave a single peak.

Esterification of Plasma Extracts

The dried residues obtained from the TLC plates developed in
benzene:ethyl acetate (6:4, v/v) were placed in a vacuum desiccator overnight.
The residues were dissolved in dichloromethane (1 ml) and esterified with
heptafluorobutyric anhydride (50 pl) at room teﬁperature for 30 minutes.
Excess reagent was removed by evaboration to dryness at room temperature
under a stream of nitrogen. The dried residue was applied to the origin of
a silica thin layer using ethyl acetate (2 x 20 pl) and acetone (2 x 20 pl).
The TLC plate was developed in the solvent system cyclohexane:ethyl acetate
(1:1, v/v) for one hour. Rf vaiues of free standards and esterified steroids

are given in Table 2.V. The TLC plate was then scanmned and the area of

silica under the peak of radicactivity (corresponding in R, with that of

f
standard testosterone-17-HFB) was removed and eluted with ethyl acetate

(3 x 2 ml) and then écetone (3 x 2 ml). The extract was dried under nitrogen
in a water bath at 40°C. The dried extract was redissolved in ethyl acetate
(dried over anhydfous magnesium sulphate) (50 pl). An aliquot (5 pl) was
then removed for liquid scintillation counting to permit assessment of the

overall recovery rate and an aliquot injected into the GLC~ECD system

(page 76).

GAS LIQUID CHROMATOGRAPHY

Hartman and Wotiz (1963) have found neopentyl glycol sebacate (N.G.Seb.)
a suitable liquid phase for the separation of the trimethyl~silyl ether |
derivatives of androgen and progesterone metabolites. After preliminar§
experiments it was decided to use the temperature stabilized form of this
.polyester in the present investigation to allow the use of higher operating

temperatures, so obviating long retention times.
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TABLE 2.V SEPARATION OF STANDARD STEROIDS (FREE AND HEPTAFLUOROBUTYRATE
ESTERS) IN CYCLOWEXANE:ETHYL ACETATE (1:1, v/v)

* *

. R Heptaflugrobutyrate R

T [ .

Free Steroid s Ester (HEB) s
1ig~Hydroxyandrosterone 0.30 3u-Hydroxyl HFB 1.09
3, L1B~Hydroxyl HFB 1.26
Testostierone 0.40 178-Hydroxyl HFB 1.00
3=enol,178-Hydroxyl HFB 1.62
Epitestosterone 0.43 17a~Hydroxyl HFB 1.02
3=enol, l7a-Hydroxyl HFB 1.74
Epiandrosterone 0.52 3B~Hydroxyl HFB 1.22
5=Dihydrotestosterone 0.55 178-Hydroxyl HFB 1.01
Dehydroepiandrosterone 0.59 3B~Hydroxyl HFB 1.01
11-Oxocandrosterone 0.59 3a-~-Hydroxyl HEFB 1.29
ASmPregnenolone 0.62 3p-Hydroxyl HFA 1.32

Development for 1 hour

~

* R_ relative to testosterone~17~HEB (Rf 0.45)
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Preliminary Silanization of the Column

Prior to packing, the empty glass column (5 ft, 4 mm I.D.) was rinsed
with concentrated hydrochloric acid, washed with deionized water and then
silanized with 5 per cent (v/v) dimethyldichlorosilane in %oluene for 15
minutes. The column was emptied, washed several times with methanol and
thoroughly dried at lOO»llOOC for one hour. This procedure is recommended
by Horning (1968).

Preparation of Column Packing Material

Gas Chrom Q, 100=120 mesh (Phase Separations Ltd) was used as the support
without further purification. A solution of N,G.Seb. (0.5 per cent, wt/v),
was prepared by dissolving N.G.Seb. (0.5 g) in chlorofoxm (100 ml). This
concentration of liquid phase was routinely used to give a 1 per cent coating
of the Gas Chrom Q. The relationship between the concentration of the
liquid phase in solution and the percentage of liquid phase coating . the
support material is fortuitous. However, the procedure was recommended by
Dr T. Simpson of Torry Research Station, Aberdeen (personal communication).

The liquid phase (100 ml) was slowly added to Gas Chrom Q (15 g)
in vacuo by the filtration method. The flask contents were slowly swirled
so as to dislodge trapped air and to facilitate an even coating of the
support. The vacuum was then broken and the contenfts quickly filtered
through a Buchner system. Suction was continuea for five minutes %o remove
the chloroform. The coated support, retained in the filter funnel, was then
transferred, without washing, onto a 20 cm diameter watch glass. It was
then dried in air at 37°C.

Packing and Conditioning the Column

A small glass filter funnel was attached by tubing to the injection end
of the column. The coated support was then added in small amounts to the
funnel and filling of the column facilitated by suction applied to the

detector—end of the column. Gentle vibration was applied along the leangth
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of the column using a hand-vibrator (Phase Separations Ltd). The injection
end of the column was not completely filled so as to accommodate the flash
heater. A silanized glass wool plug was tamped into position at the
injection end of the column.

The packed column was placed in the column oven of the GLC system and
conditioned at 220°C whilst a slow flow of oxygen-free nitrogen, as carrier
gas, was maintained through the column. The caﬁrier gas flow rate was
slowly incréased to 50 ml per minute. Conditioning in this environment was
continued overnight to remove excess liquid phase from the column, before
coupling the column to the detector.

Operating Conditions

The separating powers of the column were preliminarily determined using
filame ionization detection (FID). Urine and plasma extracts were guanti-
tatively analysed for testosterone using electron capture detection (ECD).
Recovery of radioactivity which had been initially added to the biclogical
material permitted assessment of recovery.

The ceolumn oven was operated at 190°C, the injection heater at 210°%
and the detector oven at 250°C when using ECD. Samples were injected into
the column using an S.G.B. 10 ul syringe fitted with an 11.5 om needle.

Linearity of the Detector

The response for both testosterone-17-~heptafluorobutyrate and the
internal standard, androsterone-3-heptafluorobutyrate, was proportional
to the amount injected (Figure 2.9). An internal standard
(androsterone-3-heptafluorobutyrate) was injected with each sample.

Linearity of detector response to varying amounts of steroid
derivative was determined

(a) Dby using peak height only,

(b) by using peak area determined from the product of the peak

height and the width of the peak at half peak height,
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Figure 2.9 Electron capture detector response (peak areas)
to varying amounts of testosterone~17«~HFB and

androsterone~3~HFB.
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(¢) by using peak area determined by triangulation, the area
being determinesd by halving the product of the peak height
and the peak width at the baseline.
The linearity of detection using all three modes of quantitation is shown
in Figure 2.10. Quantitation of peaks using the peak area determined from
the product of the peak height and the width of the peak at half peak

height was used routinely {hroughout this investigation.

QUANTITATION OF TESTOSTERONE IN PLASMA

Standard amounts of testosterone-l7-heptafluorobutyrate and
androsterone-3-heptafluorobutyrate were injected daily prior to sample
analysis. A known amount of androsterone-HFB was injected as an internal
standard together with 5-8 pul of the esterified plasma extract. Quanti-
tation of the testoesterone-17-HFB in the test samples was made by
comparison of the ratios of the peak area of the standard testosterone~17-HFB
to the peak area of the standard androsterone~HFB with the peak area of
testosterone-17-HFB in the plasma extract to the peak area of sndrosterone-
3-HFB added as the internal standard. Correction was made for the aliquot
injected, and for the experimental recovery as estimated by the recovery
of 3H«testosterone added initially to each sample. 7The mass of
3Hwtestosterone—HFB injected into the GLC system with the plasma extract
was deducted from the final quantitation. The results were adjusted to 1CO ml
plasma volumes. An example of the estimation of testosterone in a plasma

sample is given in Figure 2.11 and the accompanying explanatory text.
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Figure 2.10 Linearity of electron capture detector response

determined from peak height and peak area measurements.

KEY: —~——f%—  peak height

wff}— Peak area by triangulation
B = Peak area (width at half peak height x peak

height)

Peak height [mm |
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Figure 2.11

The estimation of plasma testosterone
concentration. GLC-ECD tracing of a
plasma extract from a patient under

investigation.

A, Standard trace

12.5 ng A-HFB gives a peak area of 699 mmz.

5 ng T-HFB gives a peak area of 1,477 mmz.
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B. Plasma extract

12.5 ng of the internal standard A-HFB gives a peak area of 633 mm2.

Since this peak area differs from that obtained in the standard trace
(Figure 2.11A) the corresponding peak area for 5 ng T-HFB in the
second trace is therefore:

1,477 x 638 2
Plaidl JULIL IS
699 i

But the peak area of native T-HFB in the sécond trace is 210 mmz.
Therefore there are

699 x 5 x 210
1,477 x 638

ng T-HFB in the sample injected (9.4 pl of 50 pl)

and 699 x 5 x 210 x50
1,477 x 638 x 9.4

ng T«-HFB in the plasma residue.

But 1/10 of the residue was removed previously for caiculation of
recovery. This recovery was 29.42 per cent® Therefore if the
recovery of the native steroid is equivalent to the recovery of

3H—T added initially to the plasma, then there were

699 x 5 x 210 » 50 x 100 x 10 ng of testosterone in the plasma
1,477 x 638 x 9.4 x 29.42 x 9 extract (10.5 ml)

Therefore in 100 ml of plasma there are

699 x 5 x 210 x 50 x 100 x 10 x 100
1,477 x 638 x 9.4 x 29.42 x 9 x 16.5

ng of testosterone

ie 149 ng of testosterone per 100 ml.

* Low recovery. Normal recovery range 35-50 per cent,
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ESTIMATION OF URINARY TESTOSTERONE

Horton gt al. (1963) and Dulmanis ¢t al. (1964) have shown that
testosterone is present in urine in the free form, conjugated as the
glucuronoside and in a pH 1 hydrolysable form (probably as a sulphate).

As the quantity of urinary testosterone in prepubertal children is
very small (and the excretion of testosterone in the patients selected was
likely to be below normal) it was decided that % single, ‘*near total®
extraction of all urinary steroid'conjugates would give more workable levels

of testosterone for subsequent purification and detection than three separate

extracts obtained from a fractionated extracticn procedure.

HYDROLYSIS OF TESTOSTERONE GLUCURONOSIDE

Some authors have extracted free testosterone from urine prior to
hydrolysis (Camacho and Migeon, 1963; Sandberg et al., 1964; Van der Mclen
et al., 19606) but most methods for the estimation of urinary testosterone
employ B-glucuronidase hydrolysis without preliminary extraction (Vermeulen
and Verplanke, 1963; Futterweit et al., 1963; Xorenman et 2l., 1963;

Korenman et al., 1964; Brooks, 1964; Schubexri and Frankenberg, 1964;
Ibayashi et al., 1964). 1In this investigation free testosterone was not
extracted before hydrolysis.

The hydrolysis of urinary testosterone glucuronoside was effected by
adding B-glucuronidase (75,000 F.u.) to urine (100 ml) at pH 4.6 and
incubating the mixture at 37°C for 72 hours. The pH was maintained by the
addition of 2 M acetate buffer (272 g sodium acetate trihydrate and 120 ml
glacial acetic acid diluted {o 1 litre with deionized water) (10 ml). No
attempt was made to inhibit the sulphatase activity of the B~glucuronidase
enzyme preparation,

The hydrolysed urine was filtered through Whatman GF/A glass fibre

paper (H. Reeve Angel & Co. Ltd) into a separating flask (500 ml).

_/f":.,;3,6,7w3§~1j'1‘estosterone (S.A. 87 Ci/mM, 36 nCi) was added to the filtrate



for recovery purposes. The filtrate was extracted with diethyl ether

(4 x 100 ml) and the extract reduced to approximately 200 ml under a2 stream
of nitrogen in a water bath at 40°C. The extract was washed with 5 M

sodium hydroxide (10 ml) and deionized water (20 ml) until the water washings
were neutral. The extract was then dried by filtration through anhydrous
sodium sulphate. The recovery of 3H—testosterone (added initially to urine
samples) indicated that at this stage the recovE{y of free testosterone was
99.4 per cent. Thereafter sampleé were subjected to thin layer chromatography
as for the plasma extract (page 85).

Evaluation of the Hydrolysis Method

The potency of the B-glucuronidase preparation used throughout this
study was estimated using phenolphthalein glucuronoside as substrate. The
enzyme preparation was also known to have significant sulphatase activity.
The sulphatase activity was estimated using radioactively labelled
dehydroepiandrosterone sulphzte (3H~DHAS) as substrate. Incubation studies
were carried out at pH 4.6 in agueous solution, the pH being maintained with
2 M acetate buffer., Inhibition of sulphatase in control samples was achieved
by addition of potassium dihydrogen phosphate (500 mg) to the incubation
mixture. Free radicactively labelled dehydroepiandrosterone released from
3H—DHAS was extracted with chloroform (2 x 50 m1)., As partition of 3H—DHAS
between water and chloroform resulted in 3.4 pef cent of the radicactivity
being recovered from the organic phase, control values were subtracted from
the test samples. Results are shown in Figure 2.12.

The effect of increasing concentration of the B-glucuronidase
preparation on sulphatase activity is shown in Figure 2,13, Here unlabelled
testosterone sulphate was used rather than DHAS~3H and it was assumed that
sulphatase was equally active for both the 3~ and 17-sulphate. Testosterone
sulphate (100 pg) was added to 50 ml aliquots of water. A series of 12

. e O N .
flasks were incubated at 37 °C for 72 hours, with varying amounts of
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Partitioning 3H—DHAS between
water and chloroform resulted
in 3.4 per cent of the
radioactivity being recovered

from the organic phase

&

3 . . ' _ ;
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Figure 2.12 The recovery of 3H~DHA from 3H—-DHAS added
to aliquots of water (50 ml) and incubated

with f~glucuronidase (750 F.u. per ml) for

varying lengths of time.
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Figure 2.13 The recovery of androstenedione from testosterone
sulphate (100 pg) added to aliquots of water (50 ml)
and incubated with varying concentrations of
B~glucuronidase for 72 hours at 37°C. Androstenedione
formed by the oxidation of testosterone was assayed

by the Zimmermann reaction,
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B~glucuronidase powder. A control flask was incubated as above but with
potassium dihydrogen phosphate (500 mg) to prevent sulphatase activity.
Free testosterone was extracted with dichloromethane (2 x 50 ml1). The
extract was dried under a2 stream of nitrogen in a water bath at 40°C and
redissolved in acetone (500 pl)}. Subsequently, testosterone was oxidised
with Kiliani reagent (500 pl) (Kiliani and Mark, 1901) at room temperature
for 20 minutes. Water (2.5 ml) was added and tﬁe A4—androstenedione 50
formed was extracted with benzenegchloroform (6:1, v/v) (2 » 2 ml). Assay
of androstenedione was by the Zimmermamn reaction using androstenedione
(50 pg) as the standaxrd. From Figure 2.13 it will be seen that maximum
hydrolysis is achieved using more than 30,000 F.u. of B~glucuronidase per
50 ml (600 F.u. per ml). Routinely 750 F.u. fB=glucuronidase per ml were
employed for the hydroliysis of urine samples.

The effect of increasing concentrations of B-glucuronidase on
glucuronidase activity was assayed using unlabelled testosterone glucuronoside
as substrate. Testosterone glucuronoside (100 pg) was added to 50 ml
“aliquots of water. A series of 12 flasks were incubated at 37°C for 72
hours with varying amounts of B=glucuronidase. A control flask was incubated
as above but without f-glucuronidase. Testosterone was extracted with
dichloromethane (2 x 50 ml). The extract was dried under nitrogen in a
water bath at 40°C and oxidised by the Kiliani reaction. 'The androstenedione
so formed wasg extracted with benzene:chloroform (6:1, v/v) (2 x 2 ml) and
assayed by the Zimmermann reaction using androstenedione (50 pg) as
standard. From Figure 2.14 it will be seen that maximum hydrolysis is
achicved using more than 20,000 F.u. of B=glucuronidase per 50 ml
(400 F.u. per ml). Routinely 750 F.u. per ml were used for the hydrolysis

"of urine samples.
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Purification of Urine Extracts

Following extraction the dried residues were applied to the origin of
a silica thin layer using dichloromethane (3 x 20 pl) and methanol (2 x 20 ul)
The chromatogram was developed in the solvent system benzene:methanol
(85:15,v/v) for two, one-hour periods, allowing the plate to dry in air
before the second development. RS values of standard stercids in this system
are shown in Table 2,11I. The radioactive area{ representing 3H—testosterone
added initially to the urine, was located by radiochromatographic scanning,
scraped from the plate, and transferred to a 'thimble vac?® under vacuum.

The steroid was eluted from the silica with dichloromethane (3 x 2 ml) and
methanol (3 x 2 ml) into a conical centrifuge tube (10 ml). The purified
extract was reduced to small volume under nitrogen in a water bath at 4OOC,
and applied quantitatively to & silica thin layer using ethyl acetate

(4 x 10 p1) and methaﬁol (2 x 10 pl) as solvents. The chromatogram was then
developed in the solvent system benzene:ethyl acetate (6:4, v/v) for two,
one~hour periods, allowing the plate to dry before the second development.
The RS values of standard steroids in this system are shown in Table 2.1V,
The radioactive area, representing 3H—testcsterone added initialiy to the
urine, was located by radiochromatographic scanning and again the silica
over the area was transferred to a 'thimble vac'. The steroid material

was eluted from the silica with ethyl acetate (3 x 2 ml) and dichloromethane
(3 x 2 ml) into a conical centrifuge tube (10 ml). The purified extract

was dried under nitrogen in a water bath at 40°% and placed in a vacuum
desiccator for one hour.

The dried residue was subsequently dissolved in dichloromethane (1 ml)
and esterified with heptafluorobutyric anhydride (50 pl) at room temperature
for 30 minutes. Excess reagent was removed under a stream of nitrogen at
raoom temperature. The dried esters were then applied to a silica thin layer

plate using ethyl acetate (2 x 20 pl) and acetone (2 x 20 pl) and the thin



w 86 o

layer plate was develeoped in the solvent system cyclohexane:ethyl acetate
(1;1, v/v) for one hour. RS values of standard steroids in this system

are shown in Table 2.V. The thin layer plate was scanned using a radio-
chromatogram scanner and the area of the peak corresponding to standard
tritiated testosterone~17~HFB was located and the silica of that area
transferred to a '"thimble vac'. The steroid was eluted from the silica with
ethyl acetate (3 x 2 ml) and then acetone (3 x % ml) into a conical centri-
fuge tube (10 ml) a2nd the extract dried under nitrogen in a water bath at
40°C. The extract was redissolved in ethyl acetate (dried over anhydrous
magnesium sulphate) (50 ul). An aliquot (5 pl) was then removed for liquid

scintillation counting to permit assessment of the overall recovery.

QUANTITATION OF TESTOSTERONE IN URINE

Standard amounts of testostercne=17-heptafluorobutyrate and
androsterone~3-heptafiuorobutyrate were injected daily prior to sample
analysis. A known amount of androsterone~HFB was injected as an internal
standard together with 5=8 pl of the esterified urine extract. Quantitation
of the testosterone-~17=HFB in the test samples was made by comparison of
the ratios of the peak area of the standard testosterone~17-HFB to the peak
area of the standard androsterone-HFB with the peak area of testosterone~
17«HFB in the urine extract to the peak area of androsterone-3-HFB added as
the internal standard. Correction was made for the aliquot injected, and
for the experimental recovery as estimated by the recovery of 3H—testosterone
added initially to each sample. The mass of 3H~testosterone—HFB injected
into the GLC system with the urine extract was deducted when significant.
The resulls were corrected to the total 24-hour urine volume. An example
of the estimation of testosterone in a urine sample is given in Figure

2.15 andé the sccompanying text.
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Figure 2.15 The estimation of testosterone in urine.
GLC-ECD tracing of a urine extract from a

patient with bilateral undescended testes.

A, Standard trace

12.5 ng A-HFB gives a peak area of 699 mmz.

5 ng T-HFB gives a peak area of 1,477 mmz.
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Urine extract

12.5 ng of the internal standard A-HFB gives a peak area of 603 mmz.
Since this peak area differs from that obtained in the standard
trace (Figure 2.15A) the corresponding peak area for 5 ng T-HFB

in the second trace is therefore:

1,477 x_603 2
699

1
But the peak area of native T-HFB in the second trace is 1,020 mmz.

Therefore there are

o
O
0
»
L
®

1,020
1,477 x 603

ng T—HFR in the sample injected (9.3 pi of 100 ul)

and 699 x 5 x 1,020 x 100
1,477 x 603 x 9.8

ng T-HFB in the urine residue.

Now l/3_0 of the residue was removed for calculation of recovery.
The recovery was 27.95 per cent.
Therefore if the recovery of the native steroid is equivalent to the

3 .
recovery of "H~T added to the urine, then there were

699 x 5 x 1,020 x 100 x 100 x 10 ng of testosterone in the
1,477 x 603 x 9.8 x 27.95 x 9 urine extract (100 ml).

The total 24«hour urine volume was 1,540 ml.

Therefore there are 699 x 5 x 1,020 x 100 x 100 x 10 x 1,540 "
1,477 x 603 x 9.8 x 27,95 % 9 % 100 8

of testosterone excreted per 24 hours;

ie 699 5 1,020 1,54
Ty xx603xx é 3 xx?75950x 5 M8 of testosterone excreted per
e ’ - ot L3 -

24 hours;

ie 2.501 up of testosterone per 24 hours.

* Low recovery. Neormel recovery range 40-60 pey cent.



DETERMINATION OF URINARY ANDROGEN METABOLITES

The persistent use of l17-oxostercid excretion assays in clinical
medicine is attributed to histionrical and technological factors rather than
endocrinological rationale. The urinary li~deoxy-17-oxostercids (Clgo2
steroids) of gonadal origin are measured with identical metabolites
derived from the adrenal secretion of dehydroepiandrosterone sulphate. The
urinary ll=oxo-17-cxosteroids (01903 steroids) 2ave an entirely different
origin and significance (Goldzieher and Beering, 196%) being metabolites of
corticosteroids and llB~hydroxvyandrostenedione, and yet these latter are
includéd in the determination of total urinary 17-oxostercids. The

estimation is further complicated by the non-specificity of the Zimmermann

colour reaction., This non-~specificity has been found misleading in the study

e

1969).
As the total urinary l7-oxesteroid excretion in children is low and.
moreover, the urinary excretion of l7-oxosteroids in the patients selected
was likely to be subnormal, a method to quantitate individual androgens and
androgen metabolies in such patients must have both sensitivity and specificit
A fractionation of 17-oxosteroids subsequently separately quantitated by the
Zimmermann colour reaction (Kellie and Wade, 1957; Vestergaard and Claussen,
1962) was dismissed as the method had insufficient sensitivity and specificity
In the last decade many methods, which estimate the majority of urinary
steroid metabolites important for differential endocrinological diagnosis,
have been published. Most of these mefhods utilise gas=liquid chromatography
as the only chromatographic separation (Haahti e%f al., 1961; Sparagana et al.,
1963; De Paoli st al., 1963; Ruchelman and Cole, 1966; Van Kampen and Hoelk,
1967;.HOrning et al., 1969). The wmethod used in this investigation
utilises gas=liguid chromatography as the only chromatographic step although

significant initial purification is given to the urinary exiract. The method
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was developed for routine analyses of urinary androgen metabolites with a
view to assisting in the diagnosis of patients with various gonadal problems.

A flow diagram of the method is shown in Figure 2.16.

HYDROLYSIS OF URINARY CONJUGATES

The principal problem in the analysis of urinary steroids is the metihod
of hydrolysis (Cawley gt al., 1965). Most methods employ f-glucuronidase
hydrolysis and subsequent acid hydrolysis of steloid sulphates. Hydrolysis
of both conjugates in one step by perchloric acid in anhydrous tetrahydrofuran
(Jacobsohn and Lieberman, 1962; De Paoli et al., 1963) was advanced as a
method of quantitative hydrolysis of 17-oxosteroids. Subsequent utilisation
of this hydrolysis (Berret and McNeil, 1966; Matthijssen and Goldzieher, 1971)
has revealed contaminating substances which prevent accurate quantitation of
the l7-oxosteroids. Horning et al. (1969) used enzymic hydrolysis utilizing
both the B-glucuronidase and sulphatase activity of their enzyme preparation.

As the B=glucuronidase powder prepared in this laboratory and used in
this investigation was known to have significant sulphatase activity, the
powder was used as the basis for enzymatic hydrolysis.

The hydrolysis of androgen conjugates in urine (100 ml) was effected
at pH 4.6 by incubation with f=glucurcnidase (750 F.u. per ml urine;

75,000 F.u.) for 72 hours at 37°C. The pH was maintained by the addition
of 2 M acetate buffer (10 ml). The sulphatase activity of the enzyme was
not inhibited. Following hydrolysis the urine was extracted ( page 91).

Bvaluation of the Hydrolysis Method

The potency of the B-glucuronidase preparation used throughout this
investigation was estimated using phenolphthalein glucuronoside as substrate .
The enzyme preparation was also known {o have significant sulphatase activity,
estimated using radicactively labelled dehydroepiandrostercne sulphate as

substrate (Figure 2.12).
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Figure 2.16 Flow diagram of procedures used in the

estimation of urinary androgen metabolites.



Conjugates of epiandrosterone were used as representative of urinary
androgen conjugates to assess the efficiency of the hydrolysis technique.
The following experiment was undertaken. Flasks were set up in duplicate
containing: epiandrosterone (30 ug) in water (50 ml); epiandrosterone=-3~
glucuronide (30 pg) in water (50 ml); epiandrosterone-3=sulphate (30 pg)
in water (50 ml); epiandrosterone (10 pg), epiandrosterone=3-glucuronide
(10 pg) and epiandrosterone-3=sulphate (10 ug) %n water (50 ml); and
control flasks containing water (50 ml). To all flasks were added 2 M
acetate buffer (5 ml) and B=glucuronidase (750 F.u. per ml) (37,500 F.u.).
The pH was adjusted to 4.6 and all flasks were incubated at 37°C for 72
hours. Free epiandrosterone in the flasks was extracted with diethyl ether
(2 x 50 ml), The extracts were dried under a stream of nitrogen in a water
bath at 40°C. Assay of epiandrosterone was by the Zimmermamn reaction using
epiandrosterone (30 jug) as the standard. The results are shown in Table 2.VI.
Under the hydrolysis conditions used in this iavestigation there was 97 per
cent hydrolysis of the glucuroside conjugates, 81 per cent hydrolysis of the
sulphates and negligible destruction of free epiandrosterone. ‘Thus this
method of hydrolysis is adequate for the hydrolysis of androgen comjugates
in urine. |

Extraction and Preliminary Purification of Hydrolysed Urine

The hydrolysed urine was filtered through Whatman GF/A glass fibre
filter into a separating flask (500 ml). 4~1,2,6,7~3H_7Testosterone (S.A,
87 Ci/mdM, 36 nCi) was added to the filtrate for recovery purposes. The
filtrate was extracted with diethyl ether (4 x 100 ml). The extract was
reduced to small volume under nitrogen in a3 water bath at 40°C and washed
back into the empty extraction flask with diethyl ether (100 ml). The
"diethyl ether was washed with 5 M sodium hydroxide (10 ml) and deionised water
(20 ml1) and water washing repeated until the washings were neutral to pH

N . . . PRy
indicator paper; The extract was dried under nitrogen in a water bath at 40°C
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(EpiA), EPIANDROSTERONE GLUCURONOSIDE (EpiA-G) AND EPIANDROSTERONE SULPHATE
(EpiA-S) ADDED TO WATER (50 ml) AND INCUBATED WITH B-GLUCURONIBDASE (750 F.u.
per ml) FOR 72 HOURS AT 37%. ASSAY WAS BY THE ZIMMERMANN REACTION.

1
Optical Density @ Percentage
Test Wavelength (nm) AC AC-RB Recovery
435 515 595 of EpiA
Reagent Blank 023 028 0i3 010
000
Q20 024 008 010
Standard BpiA 214 485 219 268
(30 pg) : 262
218 486 202 276
Incubated EpiA 217 473 208 260
(30 pg) 256 97.7
217 488 215 272
Incubated EpiA-G 219 485 199 276
(30 pg) 254 96.9
228 473 214 252
Incubated EpiA=-S 202 418 196 219
(30 pg) 212 80.9
200 420 189 225
Incubated EpiA + 219 452 206 239
EpiA-G + EpiA=S 234 89.3
(10 pg each) 232 470 209 249 .
AC = Allen correction (Allen, 1950)

RB Reagent Blank
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The recovery of 3H-testosterone added initially to the urine samples
indicated that recovery of free androgens (testosterone) after extraction
was 99.4 per cent.

The dried extract was redissolved in 70 per cent (v/v) methanol in
water (10 ml) and partitioned against hexane (10 ml} to remove lipids and
other non-steroidal material (Oertel, 1961). The hexane layer was discarded

and the aqueous methanol dried under nitrogen inka water bath at 40°C.

ESTERIFICATION OF STEROIDS

Derivatives of androgens have been used to facilitate electron capture
detection, to exaggerate molecular shape of epimers and to decrease retention
times on selective phases. The major 17-oxosteroids have been separated by
gas—~liquid chromatography as the free compounds (Haahti et al., 1961;

De Paoli et al., 1963; Van Kampen and Hoek, 1967), as trimethylsilyl ethers
(Van den Heuvel et al., 1962; Hartman and Wotiz, 1963; Herning et a2l., 1969),
as ethylene~thioketal derivatives (Zmigrod and Lindner, 1966) and as
chloromethyldimethylsilyl ethers (Matthijssen and Goldzieher, 1971).

In this investigation the heptafluorobutyrate derivatives of androgens
and androgen metabolites were prepared. Conditions of derivatization were

those developed for plasma and urinary testosterone derivatization.

Esterification of Urinary Extracts

Dried residues were placed in a vacuum desiccator for one hour. The
residues were dissolved in dichloromethane (2 ml) and esterified with
heptafluorobutyric anhydride (100 ul) at room temperature for 30 minutes.
Excess reagent was removed by evaporation to dryness at room temperature
under nitrogen. These reaction conditions favour esterification at hydroxyl
groups but prevent enol formation (and thus esterification of A4m3woxostercids)

Dried esters were then dissolved in hexane (2 ml) and partitioned against
70 per cent (v/v) methanol in water to remove unesterified sterocids. A
recovery of &7 per cent radioactivity from the hexane fraction at this stage

indicated a near total esterification of testosterone.
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Preparation of Standard Androgen Heptafluorobutyrates

A standard sclution containing Sa=-androstane-3a,17g-diol (1 mg),
5B~androstane-3x,178~diol (1 mg), As-androstene»3ﬁ,17Bmdi01 (1 mg),
Sa~androstane~33,178~-diol (1 mg), androsterone (1 mg), aetiocholanolone
(1 mg), dehydroepiandrosterone (1 mg), epiandrosterone (1 mg),
lig-hydroxyandrosterone (1 mg), 1llB-hydroxyaetiocholanolone (1 mg) and
radioactively labelled émla,Zam3ﬂ;7androsterone}(S.A. 40 Ci/mM, 20 nCi)
was prepared in dichloromethane (5 ml). The steroids in this solution
were esterified with heptafluorobutyric anhydride (100 pl) at room temperature
for 30 minutes. Excess reagent was removed by evaporation to dryness at
room temperature under a stream of nitrogen. The dried esterified steroids
were dissolved in ethyl acetate (5 ml). An aliquot (100 pl) was applied to
a silica thin layer and, after the application of standard androsterone and
androsterone~3~heptafluorobutyrate, the TLC plate was developed in the solvent
system cyclohexane:ethyl acetate (l:1, v/v). The standard steroids were
located under UV light (356 nm) after spraying with Rhodamine 6G (0.1 per
cent, w/v, in ethanol). The TLC plate was radiochromatographically scanned
and the areas of radioactively labelled androsterone and androsterone—3=-
heptafluorobutyrate were scraped from the plate and transferred to a counting
vial. The percentage esterification was calculated from the results of
liquid scintillation counting of these samples. A conversion of 92 per cent
androsterone to androsterone~3-heptafluorobutyrate (as representative of

the standard androgens) is achieved by this method.

GAS LIOUID CHROMATOGRAPHY

Liquid phase and operating conditions for the GLC method were required
by which separation of the steroid esters present in ¢he sample could be
‘effected. After several liquid phases had been tested, the highly polar
polyester, neopentyl glycol sebacate (N.G.Seb.) was chosen as this gave
baseline separation of the steroid heptafluorobutyrates studied. Hartman

and Wotiz (1963) described this liquid phase for separation of
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trimethylsilyl ether derivatives of androgen and progesterone metabolites.

A five~foot column with 3 per cent coating of temperature stabilized
N.G.Seb. on Gas Chrom Q, 100=120 mesh, was prepared by the filtration method
in vacuo previously described. The column was conditioned for 24 hours at
220°C with a carrier gas flow rate of 60 ml per minute.

The following parameters were regulated for operation of FID. The
column temperazture was operated isothermally at\lQOOC, and the injection
port heater maintained at 220°C. The gas flow rates used with FID were:
oxygen~free nitrogen (carrier gas) ~ 40 ml per minute; hydrogen ~ 40 ml per
minute; air - 650 ml per minute.

Prior to the analysis of each group of samples, a known amount of the
HFB-esters of standard steroids was injected into the gas chromatograph
using a 10 pl S.G.E. micro-syringe. The average retention time for the
last compound 113~hydfoxyaetiocholanolone was 150 minutes and for the internal
standard (Su-dihydrotestosterone=17-heptafliuorobutyrate) 45 minutes (Figure
2.17). ©Por the test samples 5«10 pl of the derivatized sample extract was
used. The peaks were identified by comparing their relative retention
times with those of the standard steroids (Figure 2.1§).

Linearity of the Detector

Linearity of the detector response was determined using peak areas
calculated from the product of the peak height and the width of the peak at
half peak height. The internal standard, 50~dihydrotestosterones=17-HFB,
was injected with each sample, Although the response for the
heptafluorobutyrates of So-androstane~3a,178~diol, androsterone and
lig-hydroxyandrosterone (as representative of the standard stercid esters)
and also the internal standard, Sa~dihydrotestosteronce-17-UFB, was proportional
to the amount injected (Figure 2.19), the response of individual steroid
esters was slightly less so. Thus the relative response (the ratio of the

peak area of each standard steroid HFB to the peak ares of the same amount
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of internal standard) was used in the quantitation of androgen metabolites.
The relative response for each steroid ester was calculated from 50 GLC
tracings of the mixture of HFB derivatives of standard steroids used at
various times throughout this investigation (Table 2.VII). 'The

coefficient of variation for different steroid esters ranged between

4,5 per cent and 9 per cent indicating satisfactory reproducibility of

the method.

Quantitation of Urinary Androgen Metabolites

Prior to the analysis of each group of samples, a known amount of
HFB=esters of standard steroids was injected into the gas chxomatograph.
A known amount of Sa-~dihydrotestosterone-17=-HFB was injected as an
internal standard together with the esterified urinary extract. Quantitation
was made by comparison of the peak area of steroid HFB in the sample to the
peak area of the internal standard injected with the sample, with the
inverse of the relative response (ie peak area of internal standard
injected with standard to peak area of standard steroid HFR). Correction
was made for the aliquot injected, and for the percentage recovery as
estimated by the recovery of 3H—testosterone added initially to the samples.
The results were corrected to the total 24-hour urine excretion. An
example of the estimation of androgen metabolites in a urine sample is

given in Figure 2.20 and the accompanying explanatory text.
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TABLE 2.VII 'THE RELATIVE RESPONSE OF THE HEPTAFLUOROBUTYRATE ESTERS OF
STANDARD STEROIDS (50 SEPARATE GLC~FID ANALYSES)

Steroid Relative Response*
Coefficient
Mean ! Sh of Variation
Sa=Androstane~3a,178+-diol 1.154 0.070 6.061
5-Androstane~3a,173~diol 1.115 0.058 5,202
ASwAndrostene-33 ,178=diol 0.968 0.067 6.920
Sa~Androstane=-38,173~diol ‘ 1.385 | 0,098 7.074
Androsterone 1.013 0.075 7.404
Aetiocholanclone 1,074 0.047 4,376
Dehydroepiandrosterone 0.869 0.051 5.869
Epiandrosterone 1.117 0.063 5.640
1li1g~Hydroxyandrosterone 1.003 0.046 4.586
11g~Hydroxyaetiocholanolone 0.621 0.053 8.535

* Relative to the internal standard Sa-dihydrotestosterone-17-HFB
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Figure 2.20 The calculation of urinary excretion of androgen

metabolites. GLC~FID tracing of a urine extract from

a patient with delayed puberty.

A. Standard trace

2 .
200 ng of 5o-~DHT-HFB gives a peak area of 504 mm . The relative
response (ratio of the peak area of standard steroid to the peak

area of the internal standard) for each standard steroid ester was:
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5a=Androstane-3a,178<diol  1.198
5B=Androstane~-3a,173~diol 1.187
A’-Androstene~38,178~diol  0.905
5a-Androstane-38,178-diol 1.037

Androsterone 0.902
Aetiocholanolone 1.181
SR Dehydroepiandrosterone 0.806
Epiandrosterone 0.0984

Urine extract

200 ng of 50~DHT-HFB gives a peak area of 488 mmz. ‘Since this peak area
differs from that obtained in the standard trace (Figure 2.20A) the
corresponding peak area for 200 ng of steroid ester in the second trace
is therefore:

488 x Relative response (RR)

But the peak areas of native androgen metabolites if ithe second trace

(AREA) are:

Sa-Androstane=-30,17B-diol 40 mm2
58-Androstane=3x,178~diol 312 mm2
As-Andrcstene~3B,178"diol -8 mm2
Sa~Androstane~338,178~diol 45 mmz
Androsterone 1,062 mm2
Aetiocholanolone 650 mm2
Dehydroepiandrostercne 351 mmz
Epiandrosterone 60 mm2

Therefore there are 200 x AREA ng of steroid-HFB in the sample injected
488 x RR (8.1 pl of 100 ul),

and 200 x AREA x 100
488 x RR x 8.1

ng of steroid-HFB in the urine residue.

But 3/10 of the residue were removed previously for calculation of
recovery and percentage esterified. The recovery was 87.49 per cent
and 88.4 per cent was esterified. Therefore if the recovery of the
native androgen metabelites is eguivalent to the recovery of 3HmT

added initially to the urine, then there were
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200 x AREA x 100 x 100 x 10 x 100
488 x RR x 8.1 x 87.49 x 7 x 88.4

ng of steroid in the urine extract (100 ml)

The total 24-hour urine volume was 1,280 ml

Therefore there are

200 x ARBA x 100 x 100 x 10 x 1,280
488 x RR x 8.1 x 87.49 x 7 x 88.4

ng of steroid excreted per 24 hours.

ie AREA §R0.1196 pg of steroid excreted per 24lhours.

Substitution then gives the following urinary excretions:

ug per 24 hours

So-Androstane-3,17B~diol 4
58-Androstane~3a,173-diol 31
AS-Androstene“3B,l?B-diol 1
So-Androstane~-33,178~diol 5
Androsterone : 141
Aetiocholanolone 66
Dehydroepiandrosterone 52

Epiandrosterone 7.
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CLINICAL PROTOCOL FOR TESTICULAR FUNCTION TESTS

It will be seen, in a subsequent chapter of this thesis (Chapter 3),
that there are four results given for most urinary analyses and two
results given for plasma analyses. At the clinical level these patients
were given Human Chorionic Gonadotrophin (HCG) (6,000 I.U. intramuscularly
at 6 am daily) for three days after the collection of a basal 24-hour
urine sample and peripheral venous blood (20 ml?. Throughout the
stimulation period 24-hour urine collections were made and a second
sample of peripheral venous blood (20 ml) was taken on the third day of
stimulation (ie the fourth day of test).

Blood was withdrawn between 11 am and noon, on the days of collection,
into heparinized tubes, and the plasma was separated immediately by
centrifugation. The plasma was either processed immediately or stored at
-15°C until assayed. Urine specimens were collected in screw top bottles
to which chloroform (5 ml) was added as a preservative. All collections
were made under the supervision of the nursing staff.

Other forms of patient iavestigation (growth hormone reSponée to
insulin hypoglycemia, thyroid function tests and tests of the hypothalamic-
pituitary axis) were carried out, when required, on the day preceding
basal urine collection. The information derived from these tests has
been used to support the thesis that Ly studying the nature of urinary
testosterone metabelites in conjunction with the testicular ability to
elaborate testosterone, an assessment of tissue sensitivity to (and
probably dependence on) testosterone can be made.

The typical clinical protcocol is given in Table 2.VIII.
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TABLE 2,VIII CLINICAL PROTOCOL USED FOR TESTIC?LAR FOUNCTION TESTS

Day Test Day Clinical Protocol
A Admission. Routine clinical tests,
B Pretest Other investigations, as required.
Cc Basal 24-hour urine collection.

20 ml peripheral venous blood at 11 am.

D Day 1 24-hour urine cocilection.
6,C00 Y.U, HCG IM at 6 am.

E Day 2 24=hour urine collection.
6,000 I.U. HCG IM at 6 am.

F Day 3 24-hour urine collection.
6,000 I.U. HCG IM at 6 am.
20 ml peripheral venous blocd at 11 am.

G Discharge home.



CHAPTER _ 3

RESULTS
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INTRODUCTION

In this work, plasma ﬁééfbsterone, urinary testosterone and most of the
urinary testosterone metabolites have been assayed in the basal state and
over a three~day course of human chorionic gonadotrophin (HCG; 6,000 I.U.
intramuscularly daily at 6 am). These metabolites included the total
17=~oxosteroids, androsterone, aetiocholanolone, dehydroepiandrosterone
(DHA), epiandrosterone, Su=androstanediol (5a=djiol), 5f8=androstanediol
(58=diol), A’~androstenediol (Asudiol) and Sa=androstane=3@,l73=diol
(3p~diol),

Additionally, for each compound a stimulation index was calculated by
dividing the excretion on the third day of HCG stimulation by the basal
level, Clearly values of this stimulation index above unity indicate
increased excretion (stimulation) whilst values less than unity indicate
decreased excretion (no stimulation) following HCG administration.

Since I was unable, for ethical reasons, to undertake a similar study
on nofmal boys, I have utilized data reported in the literature for comparison

of the results from this series of 'abnormal® boys.

PATIENTS UNDER STUDY

The method for evaluating testicular function, as outlined in the
previous chapter, has been used to investigate several patients of abnormal
karyotype and some patients with various genital abnormalities, Of the 76
cases presented, testicular function was assessed in 75 by their response
to intramuscularly administered HCG. All urine collections, with the
exception of those from one adult patient, were made in hospital under the
supervision of the nursing staff,

The patients and their clinical conditions are tabulated in Table 3.7.
Their ages ranged from 5 months to 26 years, although the majority were in

the paediatric age range. The actual protocols for the patients are
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TABLE 3,1 CLINICAL CONDITION FOR WHICH INVESTIGATION UNDERTAKEN

Genotype or phenotype No, of patients
investipgated
Testicular feminizotion syndrome (46,XY female) 4
Klinefeltert's syndreme (47,3XY) | 1
Klinefelter®s syndrome (46,XX) 1*
XO/XY eyndrome (45,X0/46,XY) 2
XX)XY syndrome (46,XX/46,XY) 1
Shoxt stature per se 13
Short stature with hypogomadism (microgenitalia) 1Lk
Hypogonadism (micéogenitalia ¢linically) 6
Hypogonsdism with billateral undescended testes 9
Hypogonadism with unilateral undescended testis 4
Delayed puberty 3
Cushing®s syndrome 4
Prader-wWilli syndgome 3
Male Turpert's syndrome 2
Laurence-Moon~Biedl syadrome i
? Aporchia (clinically undescended teates) 3
Precocious pubertiy 2
?  Ynfertility i
Post cyclophosphamide therapy (nephrotic syndrome) 1

* 1 patient re~investigated following therapy

*& 2 patients re-investigated following therapy
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collected in a later section of this thesis (Chapter 5). Patient
information, diagnosis and individual results of investigations are
reported there, Patlents in {the text are thus identified by a protocol

number.,

EBINARY CREATININE RESULTS
Considerable fluctuation was found in the volumes of serial 24~hour

urine specimens from individual patients despite the weli~organised ward
!

~

conditions for urine collection. The completeness of many specimens,
particularly those from younger children, was therefore questioned. The
daily urinary creatinine excretion was estimated on all 24«~hour urine
collections and that value used as a measure of the completeness of each
collection. These results are shown in Table 3.I1.

From column E (Table 3.,1I), where the standard deviation (SD) for
ecach group of urine collections is shown, it is clear that there was con-
siderable disparify in the daily urine volumes for many individuals.
However, from analyses of the coefficient of variation (columns G and H,
Table 3.1II), it is clear that the urinary excretion of creatinine is a much
more precise estimate of urinary volume completeness. Calculation of the
mean values of columns G and H gave the mean coefficient of variation of
urine volume and the mean coefficient of variation of daily creatinine
excretion yvespectively, The mean coefficient of variation of urine volume
was 29.52 per cent (SN = 11,66 per cent) and the mean value of the
coefficient of variation of creatinine excretion was 16.84 (SD = 9.71 per
cent). This difference is statistically highly significant (p<0.0001),
justifying the use of the daily urinary excretion of creatinine as an index
of the completeness of 24«~hour urine collection in these patients.

When tﬁe patients investigated were grouped according to age, height
and pubertal stotus, and the mean drily creatinine excretion (column D,
Table 3.11) for each group plotted against the mean of the age group, a0

interesting correlation was found. This is shown in the graph, Figure 3.1,
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Figure 3.1 The mean daily urinary creatinine excretion of patients
grouped by age, height and pubertal status. The shaded
area represents the mean - 1 SD of daily urinary
creatinine excretion of patients with normal stature
(height percentiles 10-90).
KEY: -0 Patients with delayed puberty

- (; Patients with small stature (height percentiles <"3)

Patients with precocious puberty (height percentiles >9'
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The shaded area of the graph represents the range (X 1 SD) of daily
creatinine excretion for patients in the series of normal or near normal
stature (height percentiles 10~90)., This normel range of daily creatinine
excretion is slightly lower, but not significantly different from those found
by other workers (Clark et al., 1951; Applegarth et al., 1968). Note that
the normal daily creatinine excretion rises throughout childhood and rapidly
increases in parallel with the normal growth spuft at puberty. This rapid
increase probably reflects the inéreasing ruscle mass during adolescence.

The lower curve (Figure 3.1) represents the mean dally creatinine
excretion in patients of shoxt stature (height percentile <3). The daily
excretion of creatinine by such patients is significantly below normal
throughout all the age groups studied (0.0005<p<0.05). It is of interest
and probably of clinical significance that the creatinine excretion in these
patients parallels, at a lower level, that of normal patients.

Also in Figure 3.3, the mean daily creatinine excretion in a group of
patients with delaye& puberty is also lower than normal. The creatinine
excretion in these patients increases at the prepubertal rate and approaches
the creatinine excretion found in clder patients with short stature alone.
The creatinine excretion in these patients was significantly below normal
(0.01<p<0.05).

The two points above the normal range représent the creatigine excretion
in two patients with precocious puberty. Individual creatinine excretions
were significantly higher in these patients (0.002 ¢cp<0.02) than normal.

The creatinine excretion by these patients was more related to bone age.
The higher creatinine excretion in these patients is probably a combination
of the early growth spurt and the increased androgens of adrenal and
gonadal origin,

As expected from the above results, the urinary excretion of creatinine
was significantly correlated with pubertal status (v = 0.680), age (r = 0.774)

and bone age (r = 0.832).
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URIMARY 17~OXOSTEROID RESULTS

The excretion of l7«oxosteroids was routinely estimated on all 24-hour
_urine collections to give an estimate of the amount of steroidal material
present. The l7-oxcsteroid response to HCG administered intramuscularly is
shown in Table 3.711,

The basal excretion of 17=-oxosteroids (column C, Table 3,IIXI) is low
in the majority of the patients investigated. T?is was particularly noted
in patients in the adolescent age group. These values were analysed in
relation to age, height and pubertal status. Owing to the small number of
‘near-normal® subjects investigated, normal values published by Prout and
Snaith (1958) were used for comparison. It has been previously shown
(Gray, 1973) that the values reported by these authors are not significantly
different from normal values obtained in this laboratory (Royal Hospital for
Sick Children, Yorkhill, Glasgow). The method nearest to that used in this
investigation was used for comparison (ie method 4 of Prout and Snaith using
spectrophotometric readings of the Zimmermann colous at three wavelengths and
the application of the Allen correction).

The patients investigated were grouped according to age, height and
pubertal status. In Figure 3.2 the mean basal 17-oxosteroid excretion for
each group was plotted against the mean of the age group. The shaded area
of the graph represents the range 41 SP) of daily l7=oxosteroid excretion
in the normal patients studied by Prout and Snaith (1958). The basal
17-oxosteroid excretion of all *near-normal’ patiente in this investigation
were within that range.

The basal urinary excretion of 17-oxosteroids in early prepubertal
patients of short stature (height percentile <3) was not significantly
different from the normal values of Prout and Snaith (1958). However, in
older patientis of short stature (811 years) the basal 17-oxosteroid

excretion was just significantly below normal (0.02< p<<0.05) whilst
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AGE

The mean daily urinary l7-oxosteroid excretion by
patients grouped by age, height and pubertal status.
I'he shaded area represents the mean - 1 SD daily
urinary l7-oxosteroid excretion by normal patients

(Prout and Snaith, 1958).

Patients with short stature (height percentiles<3)
Patients with undescended testes

Patients with hypogonadism (microgcnitali?.)
Patients with delayed puberty
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children in the early pubertal, pubertal and adolescent age groups (1I-17
vears) with short stature had a basal L7-oxosteroid excretion well below
normal. This difference is statistically highly significant (p<0.00005)
and suggests reduced testicular function in patients of short stature.

The basal urinary excretion of 17=o0xosteroids by young patients (less
than 8 years) with bilateral undescended testes was likewise not significantly
different from normal. In the late prepubertal group (8=11 years) the urinary
excretion of l7-oxosteroids by these patients was significantly below normal
(0.02< p< 0.,05) whilst in the early pubertal age group (1l«1d years) the
basal excretion of l7-oxosteroids was well below nbrmalo This difference
is again highly significant (p< 0.00005) and indicates reduced testicular
output of androgens in patients with undescended testes. No difference
was noted in the urinary excretion of 17-oxosteroids between patients with
unilatexral and bilateral undescen?ed testes,

The basal urinary excretion of 17-oxcsteroids by young hypogonadal
patients (micropenis, microscrotum with smaller than normal testes) wes
not significantly different from normal. In the late prepubertal age group
(8=11 years) the urinavy excretion of 17-oxosteroids by these hypogonadal
patients was significantly below normal (0.01< p<0.02) whilst in the early
pubertal age group (ll=14 years) the basal excretion of Ll7~oxosteroids was
again very significantly reduced (p< 0.00005). These results indicate
reduced testicular function and are in agreement with the c¢linical findings.

The basal urinary excretion of 17-oxostercids in three groups of
patients with delayed puberty (those aged 12-14 years with a pubertal stage
of <23 thosc aged 14-16 vears with a pubertal stage of <3 and those aged
above 16 years with a pubert¢al stage of <4) was very significantly reduced
(0.,00005< p<0.001).

The urinary excretion of 17-oxosteroids was significantly correlated

with age (r = 0.616), bone age (r = 0.596) and pubertal stage (r = 0.449),
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The shape of the curves in Figure 3.2 is worthy of note. The normal
curve of Prout and Snaith (1958) shows a low L7-oxosteroid excretion for
patients beiow 9 years. This then. rises rapidly before puberty and continues
to rise through the pubertal and adolescent ages. As the adrvenal cortex
is the main site of production of the precursors of the urinary
l7-oxosteroids befoxe puberty, this rapid rise in the 1l7-oxosteroid
excretion probably represents the phenomenon of ;adrenarche“. By comparison
the curves of the 1l7~oxosteroid excretion in the groups of patients
investigated here show no rapid rise in either the prepubertal or pubertal
petiod; 1t is pertinent, therefore, to comment that whatever the aetiology
of the conditions investigated, there would seem teo be impaired functioning
of both the adrenal and the testis.

The response in 1l7=-oxosteroid excretion to HCG (6,000 I,U. per day)
is remarkably variable. Of the 72 patients investigated, the response
(columns D, E and ¥, Table 3.III) was increased, above the basal excgetinm,
in 38 patients (52.78 per cent). No response occurred in 4 patients (5.56
per cent), whilst for the remaining patients (41.66 per cent) there was a
diminished excretion below basal levels.

To facilitate further study of the effect of HCG on the various
phenotypes, the patients investigated were grouped according 4o height
and pubertal status and the mean stimulation index calculéted for each
group. As it was considered unethi?al to give normal children HCG, patients
investigated with *near-normalt phenotype were used for comparison. 'The
results are shown in Table 3.IV.

It will be noted from this table that the excretion of 17-oxosteroids
by *near-normal® patients is approximately trebled after HOG administraticn.
Although patients with short stature had a subnormal increase in the
excretion of l7-oxosteroids after HCG stimulation, this was not significantly

different from the increase found in the *near~normal’ subjectis.
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TABIE 3.1V EFFECT OF HUMAN CHORIONIC GONADOTROPHIN ON THE

17«0XOSTEROID EXCRETION BY DIFFERENT PHEMNOIYPES

Phenotype and Number

tNear=~normal® phenotype (n = 7)

Small stature (n = 31)

Unilateral undescended testes (= 6)

Hypogonadism (n = 23)

Bilateral undescended testes (n = 16)

Delayed puberty (a = 6)

Stimulation Index*

1
i

(Mean = 1 standard error)

2,74

1.59

1.26

1.00

0.96

0.62

+
L)

i+

-+

1+

I+

0.53

0e31%%

Qo.11%%

Q,23%*%

Urinary 17woxosteroid excretion (3rd day)

*  Stimulation Index =

Basal i7-=oxosteroid excretion

-

% Significantly different from fnear-pnormal® phenotype



Patients with unilateral undescended testes had a subnormal increase
in 17-oxecsteroid excretion after HCG administration. The rise in
17-o0xosteroid excretion in these patients was just significantly below
normal (0.02< p<0.,05) but not significantly different from that of patients
with bilateral undescended testes. Patients with bilateral undescended
{estes had no rise in the excretion of 17~oxostercids following HCG admini-
stration, This absence of response to HCG was s%gnificantly below normal
(0.01<p<0.02). |

Hypogonadal patients (patients with microgenitalia) also showed no
response in the 17-oxosteroid excretion to HCG administration. This sube
normal response was again significant (0.02< p<0.05).

Patients with delayed pubzarty had a decreased urinary excretion of
1l7-oxosteroids following administration of HCG. This decreased excretion

of l7~oxosteroids is very significant (0.002<p<0.005).

URINARY TESTOSTERONE RESULTS

Several authors have reported normal values for the daily excretion of
tcstosterone in children., Normal values obtained from a review of the
literature are shown in Table 3.V, The values obtained inm this investigetion
were compared to the normal values zeported by Dalzell and ElAftar (L073).
They used a GLC method for the analysis of urine samples.

Many investigators have been unable to detect testosterone in the urine
of prepubertal children. Sandberg et al. (1964) could not detect urinary
testosterone in prepubertal children using either spectrophotometry or ges
liquid chromatography with flame ionization detection. Likewise, Eechaute
et al. (1973), using a fluorimetric method, and Zﬂrbrugg‘gﬁ al. (1965),
gsing spectrophotometry, were unable {o detect urinary testosterone in pre=
pubertal children. Rosner et al. (1965), using spectirophotomnetry, were only

able to detect urinary testosterome in 60 per cent of prepubertal males,
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TABLE 3.V DAILY EXCRETION OF TESTOSTERONE IN NORMAL MALE CHILDREN

(iig per 24 hours)

(A Review of the Literature)

Age Range feizjgjezgze Author(s)
(Years) Mean (Range) (Method of Quantitation)
Prepubertal <3 Degenhart et al. (1965)
{Double isctope derivative)
Prepubertal 12.2 (3=27.3) | Vermeulen {1966)
(GLC = PID)
7e12 3.6 (0-15) Rosner et al. (1965)
17-24 151 o 22 {Colorimetry)
6=7 <5 Zurbriigg et al. (1965)
, (Colorimetry)
512 0w2.9 Rudd et al. (1973)
(Competitive protein binding)
4m8 0.4 (0.1=0.,8) Vestergaard gt al. (1966)
{GLC = ECD)
613 1.3 (0.4~3,.2) Pal (1071)
(3 pubexrtal) (Fivorimetry)
Qw1 0w14 Gupta (1967)
(Colorimetry)
1418 45=126 Ibayashi et al. (1964)
(GLC « FID)
10 1.8 Brooks (1964)
(GLC = FID)
Prepubertal Not detected Sandberg et al. (1.964)
1314 4180 (GLC =~ FID)
48 4 Knorr (1967)
10-11 10 (Specirophotometry)
12 25 Testosterone with epitestosterone
13 35
14 46
6-11 6.3 Dalzell and ElAttar (1973)
11-12 8.2 (GLC = Dual Flame Ionization)
13 31.3
14~16 125.9
17=19 106.0
16-20 78,0 (60-103) Jemail and Harkness (1966)
2163 51.7 (40~64,.5) (GLC « FID)
14«20 35.9 (25.3-46.5) Schmidig and Starcevic {1967)
2125 60.5 (36.7-84.3) (Spectrophotometry)
10-13 3.4 Morer=Fargas and Nowakowski (1965)
14 34.6 (Spectrophotometry)
1520 37.9
2130 Ti.7
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and Rudd et al., (1973), using a competitive protein binding assay, could

only detect urinary testosterone in 80 per cent of their prepubertal males.
However, Vermeulen (1966) detected urinary testosterone in all normal
prepubertal children tested and Vestergaard et al. (1966) were able to detect
very low levels of testosterone excretion in younger prepubertal children,
using electron capture detection following GLC.

Only three groups have published normal resylts for testosterone
excretion throughout the prepubertal, pubertal and adolescent periods. One
of these (Knorr, 1967) unforiunately measured combined epitestosterone and
testosterone whilst another (Morer~Fargas and Nowakowski, 1965) gives values
from aged adult males with only a few prepubertal normal males, I have
chosen the results of Dalzell and ElAttar (1973) for comparison of values
obtained in this investigation, because their method and mine are most
compasrable.

The basal urinary excretion of testosterone for patients in thié work
is shown in column C, Table 3.Vi., It will be noted there that the basal
urinary excretion of testosterone is low in the majority of the patients,
whilst extremely low levels (L1 ug per 24 hours) were found in 23 cases
(41.1 per cent). These values of the basal urinary excretion of testosterone
were analysed in relation to age, height and pubertal status. Owing to the
small number of 'near-normal? subjects here invéstigated, the values recently
published by Dalzell and ElAttar (1973) were used for comparison.

The patiénts were grouped according to age, height and pubertal status.
The mean basal urinary excretion of testosterone of each group was plotted
against the mean age of the group. This graph is shown in Figure 3.3.

It will be noted that the shaded area of the graph represents the range
(£ 2 SD) of daily testosterone excretion calculated from the results of
Dalzell and BlAttar (1973). This shaded area therefore vepresents, for the

present purposes, the normal range of daily urinary testosterone excretion.
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Figure 3,3
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XC/XY

X0/XY

14 16

The mean basal urinary testosterone excretion by

patients

grouped by age, height and pubertoT status,

The shaded area represents the mean ~ 2 SD of daily

urinary testosterone excretion by normal subjects

(Dalzell

Patients
Patients
Patients
Patients

Patients

and ElAttar, 1973).

withabnormal karyotype (protocols3-9)
withshort stature (height percent!3es< 3)
withbilateral undescended testes
withhypogonadism (microgenitalia)

withdelayed puberty
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The basal urinary testosterone excretion of all 'nearenormal® paiients here
investigated are within these limits.

The shape of this curve is of interest. There is a low urinary
excretion of testosterone for patients less than 12 years which nonetheless
increases with age. In early puberty the excretion rate rapidly increases,
later to rise wvery steeply during late puberty to reach adult levels by
early adolescence. l

The basal urinary excretion of testosterone by patients with short
stature was extremely low and there was no rise during puberty. The
excretion of urinary testosterone in these patients was significantly below
the normal values of Dalzell and ElAttar (1973) during the prepubertal and
pubertal age groups (0.0001< p<0,02) whilst in late puberty and adolescence
the urinary f{estosterone excretion was highly significantly greduced
(p< 0.00005) owing to the absence of the normal pubertal increase,

The aetiology of the short stature in these patients is known to be
due to several factors and although no c¢linical subdivision is made here
these factors will be considered individually la{er (Chapter 4). Eight of
these patients (protocols 10=17) are known to have hGH deficiency and the
reduced urinary excretion of testosterone noted in these patients is suggestive
of a strong correlation between hGH deficiency and impaired testicular
function. However, since the majori{y of the pétients with short stature
are not hGH deficient, this indicates that at least part of the dwarfing in
these patients may be related ¢o a lack of androgen anabolic stimulus.

The basal dsily urinary excfetion of testosterone in patients with
bilateral undescended festes is likewise subnormal and very similar f{o that
seen in patients with short stature. In prepubertal patients with undescended
testes the urinary excretion of testosterone is significantly (0.00001< p<0.03
below the normal range. In early puberty (12-14 years) this excretion is

likewise significantly (0,02<p<0,05) below normal and significantly
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(0.01<p<0,02) below that seen in patients with unilateral undescended
testes. The basal urinary excretion of testosterone in patlents with
unilateral undescended testes is likewise significantly subnormal
(0.002<p<0.05) in all age groups studied and probably reflects the
relative testicular hypofunction characteristic of such patients.

The basal urinary excretion of testosterone in patients with

hypogonadism (small testes, micropenis, microscofum) is likewise subnormal
throughout the prepubertal and pubertal age ranges (0.00005<p<0.05).
The mean urinary excretion of testosterone for these patients (4.12 (range
0.3=14,3) pg per 24 hours) is in good agreement with that found by Moxham
and Nabarro (1968) in 11 thypogonadal® subjects (5.7 (range 1~16.8) pg per
24 hours).

The basal urinary excretion of testosterone in patients with delayed
puberty is likewise subnormal; and it is at a prepubertal level. Tn patients
with delayed puberty aged between 14 and 16 years the urinary excretion of
testosterone is significantly below normal (0.002< p<0.005) whilst in
patients aged above 16 years this is highly significantly (p<0.00005)
subnormal.

Four patients with the testicular feminization syndrome (protocels 1=4)
21l have a daily urinary excretion of testosterone in the low normal or
normal range. The basal urinary excretion is not significantly below normal
(0.05£p<0.20) and probably revresents normal production of testosterone by
the testes. The basal urinary excretion of {estosterone in two patients
with Klinefelter's syndrome (XXY karyotype, protocol 8; XX karyotype,
protocol 9) are significantly below normal (0.00i< p<0.02) and reflect the
hypogonadism characteristic of these patients.

Again, the patients were grouped according to height and pubertal
status, and the mean stimulation index calculated for each group. Patients
investigated with ‘near~normal? phenotype were used for comparison. These

indices are shown in Table 3.VIii.
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TABLE 3,VII THE EFFECT OF HUMAN CHORIONIC GONADOIROPHIN
ON THE URINARY EXCRETION OF TESTOSTERONE IN
PATIENTS WITH DIFFERENT PHENOTYPES

Phenotype and Number 1 Stimulation Index*

(Mean % 1 standard error)

°Néar—normal° patients (n = 6) 2.46 % 0.57
Hypogonadism (n = 24) 1,73 & 0.26
Small stature (n = 31) | 1.74 & 0.21
Bilateral undescended testes (n = 16) 1.88 & 0.26
Unilateral undescended testes (n = 6) 2.16 & 0,68
Delayed puberty (n = 6) 2.30 % 0.58
Testicular feminization syndrome (n = 4) 3,18 + 0.81

Urinary excretion of testestervone {(3rd day)
Bagal urinary excretion of festosterone

* Stimulation Index =



It will be noted from this table that the urinary excretion of
testosterone by *nearwnormal’® patients in the investigation is increased
two=and=a-half fold after HCG stimulation. Patients with other phenotypes
have similar stimulation indices, not significantly different (0.304p <0.90)
from that of 'near-normal® patients. However, i is infteresting that the
stimulation of urinary testosterone following HCG administration in patients
with hypogonadism is slightly lower than normal,lwhilst in patients with
testicular feminization syndrome {his stimulation index is slightly above
normal. This high index probably reflects either the Leydig cell hyperplasia
noted in this syndrome or the fact that testosterone is not metabolized by

the tissues and therefore more is available for excretion unchanged.

PLASMA TESTOSTERONE RESULTS

Normal values for plasma testosterone in children, as reported in the
literature, are given in Table 3.VIII. The results obtained in this investim
gation were compared to the normal values of Frasier et al. (1969) which
they obtained using a double isotope dilution method of quantitation.

Reported levels of plasma testosterone in prepubertal children are very
low and methods for {testosterone quantitation must therefore be very
sensitive. Thus Eechaute gt al. (1973), using a fluorimetric method, and
Sandberg et al. (1964), using flame ionization detection after gas-liquid
chromatography, were unable to detect plasma testosterone in prepubertal
males. Similarly, the levels detected by Degenhart ef al. (1965), using a
double isotope derivative technigue, and Zurbrﬁgg et al. (1963), using
colorimetry, were below the sensitivity of the method. Dessypris and
Adlercreutz (1972) and Rudd et al. (1973), using a competitive protein
binding assay, could only quantitate plasma testosterone in some 75 per cent
of the normal prepubertal children tested.

Van der Molen and Groen (1967), using electron capture detection of

testosterone chlorcacetate after gas~liquid chromatography, found low levels
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PLASMA LEVELS OF TESTOSTERONE IN NORMAL
MALE CHILDREN AND ADULTS (ng pexr 100 ml)

(A Review of the Literature)

Testosterone
Age Range ng/100 mi Authors
- A £+ - T ey 2
(Years) Mean (Range) (Method of Quantitation)
Prepubertal 16 (0=36) Dessypris and Adlercreutz (1972)
(Competitive protein binding)
5=13 0-40 Rudd et al. (1973)
(Competitive protein binding)
2-14 31.8 & 10 Saez and Bertrand (1968)
{Double isctope dilution)
0.3=12 25 Forest and Migeon (1970)
3=8 days | 13.8 & 7.2 Forest et al. (1972)
1=10 6.58 & 2.48 (Radioimmunoassay)
Adult 565 & 146
1-10 15 Van der Molen and Groen (1967)
10=16 170 (GLC = ECD)
22=59 680
4=1.0 42 & ¢ Frasier and Horton (1966)
(Double isotope dilution)
2m5 8 Gandy and Peterson (1968)
5=8 13 (Double isotope dilution)
8=10 34
10=12 75
12=14 243
1415 643
8 5 Wieland et al. (1970)
9 13 (Competitive protein binding)
10 43
11 94
12 124
14 604
549 18 & 4 winter et al. (1972)
Gl 33 = 6 (Competitive protein binding)
1114 95 = 27
1416 287 % 57
16=20 472 « 50
2022 534 & 36
410 38 Frasier et al. (1969)
10--12 77 {Double isotope dilution)
12-~13 262
1314 235
14-15 327
15«16 4G4
Adult 660 ~ 80
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of plasma testosterone in prepubertal children., They noted that levels in

older prepubertal children (above 10 years) were, however, greater. Further

work by Gandy and Peterson (1968), using a double isctopez dilution technique,

gave similar iow levels for children in the prepubertal age group. 'They

found the levels of plasma ﬁestosierone began to rise between the ages of

10 to 12 years and they correlated this with the increase in the size of the

testes and vascularity of the penis which develop at this age. ‘They found 2
:

further, greater rise in plasma testosterone at puberty and noted that adult

levels were reached by the time of 'young adolescence!.

Ffasier et al. (1969), using a double isotope dilution technique, also
noted this prepubertal rise and the rapid rise at puberty, although they
found plasma testosterone in young adolescents to be below adult levels.
Likewise, Winter et al. (1972), using a similar method of quantitation,
studied plasma testoséerone levels in the prepubertal, pubertal, adolescent
and adult age ranges, and correlated these to the stage of pubertal development
They noted the late prepubertal rise and related this rise to early testicular
enlargement. They also found the large pubertal rise in plasma testosterone
and found that adult levels were not reached below the age of 20 years.

Forest et al. (1972) studied plasma testosterone measured by a
radioimmunoassay technique, in neonates and in prepubertal males. They
found higher levels just after birth (3-8 days) than in the prepubertal age,
They also noted no significant difference between plasma testosterone levels
in males and females in the prepubertal age.

August et al. (1972) correlated plasma testosterone with pubertal
development. They found low prepubertal levels and noted that the late
prepubertal rise was corrvelated with early somatic pubertal changes.

Levels of plasma testosterone at puberty and during adolescence were similar
{o those foﬁﬂd by winter et al. (1972).
The basal level of plasma testosterone is shown in column G, Table 3.VI.

These values of plasma testosterone were grouped according to patient age,
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height and pubertal status. The mean basal level of plasma testosterone

of each group was pletted against the mean age of the group. This graph

is shown in PFigure 3.4, Owing to the small number of *near-normal' subjects
investigated, the values published by Frasier et al. (1969) were used for
comparison following similar grouping.

It will be noted that the shaded area of this graph represents the
range (i 2 SD) of plasma testosterone calculated from the results of Frasier

i
et al. (1969). This shaded area therefore represents, for the present
purposes, the normal range of plasma testosterone. The basal level of all
‘near—normal® patients here investigated is within this range.

The shape of this curve is of interest¢. There is a very low level of
plasma testosterone in patients less than 11 years of age. This then
increases rapidly throughout early puberty, puberty and adolescence to
reach adult levels by approximately 20 years of age. The initial prepubertal
rise in peripheral plasma testosterone concentration is consistent with the
clinical observations that testicular size and vascularity of the penis
also increase at this age,

The peripheral plasma concentration of testosterone in patients of short
stature in this investigation (Figure 3.4) rose slowly from early childhood
to adolescence. Although the mean plasma testosterone level was seemingly
high in the younger age groups, the basal plasmd testosterone in these
patients was not significantly diffecent (0.20< p<0.90) from the normal
results of Frasiex gt al. (1%69) at each age group measured.

The plasma concentration of testosterone in patients with bilateral
undescended testces was quite variable. In patients aged between 4 and 12
years the plasma testostcerone concentration was not significantly different
from normal, whilst in the oldest patient with bilateral undescended testes
(protocol 69, 12,1 years) the plasma testosterone concentration was signifi-

cantly raised (1,238 ng per 100 ml; p=0.0001).
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Bigure 3.4

(:) The mean basal plasma testosterone concentration in patients
‘ grouped by age, height and pubertal status. The shaded area

*
represents the mean = 2 SD plaswma testosterone comcentration

in normal subjects (Frasier et al., 1969).

(::) As figure 3.4 A but following logarithmic transformation of

results, to normalize ¢he skewed distribution.

KBY: ¢ Patients with short stature (height percentile <3)
O patients with bilateral undescended testes
® vratients with unilateral undescended testes
(3 patients with hypogonadism (microgenitalia)

[ Patients with delayed puberiy
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The plasma testosterone concentration in patients with unilatexal
undescended {estes was alse variable. In patients below 12 years the plasma
testosterone levels were significantly raised (0.0002<p <« 0.,005) whilst in
older patients (above 12 years old} the plasma testosterone concentration was
similar (p> 0.80) to the normal levels of Frasier et al. (1969).

Raised plasma testosterone concentration in patients with undescended
testes may arise from increased testosierone prﬂéuction by the crypterchid
testes owing to the increased ambient intra-abdominal temperature or to the
change in Leydig cells as described by Clegg (1961)., However, as many of
these patients have additional clinical features of hypogonadism such as
micropenis and microscrotum, i1t is probable, whatever the aetiology of the
elevated plasma testosterone concentration, that there is either an
increased binding of testosterone in ﬁhé plasma by testosterone binding
globulin, thus preventing testosterone liberation, or there may be tissue
insensitivity to testosterone. This latter might result in less degradation
of circulating testosterone.

The plasma concentration of testosterone in patients with hypogonadism
was similarly very variable. In young patients (4-10 years) the plasma
testosterone levels were not significantly different from normal
(0.20< p=<0,80). Patients aged between 10 and 12 years with hypogonadism
had a significantly raised plasma testosterone concentration {0.0002< p<0.0003
However, the expected rise in plasma testosterone concentrations did not
otcur at normal pubertal age and the plasma testosterone levels were then in
the normal range. Again, it is probable that there could be either a tissue
insensitivity to testostercne or an increased binding of testosterone in
plasma in these hypogeonadal patients who actually have adequate testosteronc
production,

As with older patients with hypogonadism, the mean plasma level of
testosterone in patients with delayed puberty was not significantly different

from normal (p »0.50).
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Again, the patients were grouped according to height and pubertal status
and the mean stimulation index calculated for each group. Again, patients
investigated with *near-normal® phenotype were used for comparison. These
indices are shown in Table 3.IX,

It will be noted from this table that the peripheral plasma
concentration of testosterone in *aear~normal' patients in this investigation
is increased approximately twowand-a-half fold fpllowing HCG administration.
Patients with other phenotypes have similar stimulation indices not
significantly different (0.20<p<0.90) from that of *near-normalt? patients.
However, it is interesting that the stimulation of plasma testosterone
concentrations following HCG administration is above that of ¥nearenormal?
patients in all phenotypes wi{h the exception of that of patients with
delayed puberty. It is also interesting that the highest rise in testosterone
concentrations following HCG is noted in patients with {the testicular
feminization syndrome. Again, the good increase in plasma testosterone
concentrations seen in these patients following HCG administration is
consistent with the Leydig cell hyperplasia often noted in association with

this syndrome or the fact that testosterone is not metabolized by the tissues.

URINARY ANDROGEN METABOLITES

The excretion of urinary androgen metabolites was studied in all of
the 76 patients investigated. In two patients the study was repeated
following treatment with HCG and HMG for one month, Complete results for
individual patients will be found in a later section of this thesis
(Chapter 5). To facilitate presentation of these results, individual
steroids and groups of steroids (ll-deoxy-l7-oxosteroids, the
_llmox0m17moxosteroids and the dihydroxysteroids) will be considered

separately.
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TABLE 3.IX THE EFFECT OF HUMAN CHORIONIC GONADOTROPHIN
ON 'THE PLASMA CONCENTRATION OF TESTOSTERONE
IN PATIENTS WITH DIFFERENT PHENOTYPES

Stimulation Indexk

Phenotype and Number

(Mean 1 standard error)

*Néar-normal’ phenotype (n = 4) 2.53 = 0,11
Small stature (n = 31) 2.53 = 0.42
Hypogonad;sm (n m'24) ‘ 2.75 . 0.41
Bilateral undescended testes (n = 16) 2,67 & 0.58
Unilateral undescended ftestes (n = 6) 3.04 & 0.69
Delayed puberty (n = 6) 2.41 & 0.50
Testicular feminization syndrome (n = 4) 6.48 = 2,81

Plasma concentration of testosterone (3rd day)
Basal plasma concentiration of testosterone

* Stimulation Index =
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URINARY 11«DEOXY=17=0XOSTEROIDS

The daily excretion values for androsterone, aetiocholanolone and
dehydroepiandrosterone are shown in Table 3.X. Corresponding values for
epiandrosterone (3f=hydroxy-Sa=androstane~17-one) will be considered
separately (Table 3.XVI). 1In columns C, E and G (Table 3.X) are shown the
basal daily excretion ratgs of androsterone, aetiocholanolone and

dehydroepiandrosterone respectively, These basa% levels are very variable
even for patients of similayr age and phenotype (c¢f protocols 45 and 49).
Generally, the daily excretion of androsterone was found to be much greater
than that for aetiocholanolone. This, however, is the normal prepubertal
pattern of excretion for these two steroids. The daily excretion of
dehydroepiandrosterone 1s extremely low (<10 pug per 24 hours) in 11 patients
and was not detected in a further 7.

On stimulation with HCG, the daily urinary output of these
ll~deoxy~1l7=0xosteroids was also noted to be very variable. However, the
pest-stimulation daily excretion of androsterone, aetiocholanolone and
dehydroepiandrosterone in the f*nearw-normalt® patients was not significantly
different from and clesely paralleled the rise in the daily excretion of
the urinary 17-oxosteroids as assgayed by the Zimmermann reaction.

To facilitate further analysis of the urinary ll-deoxy-17-oxosteroid
excretion rates the values found in this study Qere compared with those
reported by Vestergaard (1965), Paulsen et al. (1966) and Tanner and Gupta
(1968) obtained for normal children and adolescents. 'These normal values
are shown in Table 3.XI.

Androstercne

The patients were grouped according to age, height{ and pubertal status.
The basal daily excretion of androsterone (column C, Table 3.X) for each
group was plotted against the wmean age of the group. This graph is shown

in Figure 3.5.
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TABLE 3.XI EXCRETION OF INDIVIDUAL 1lewDECXY«17«~OXCSTEROIDS IN NORMAL
CHILDREN AT VARIOUS AGES*

Age Range Androsterone Aetiocholanolone | Dehydroepiandrostierone
(years) (ug/24 hrs) (ug/24 hrs) ! (pg/24 hrs)
3=6 143 < 76 48 < 34 21 % 25

n =38 n=25 n =&
6=9 290 & 163 172 & 105 57 & 56
n = 16 n=13 n=16
0wl3 418 ¥ 302 253 & 161 101 £ o8
n = 42 n = 42 n = 42
13-16 1235 & 408 925 & 531 225 & 146
n==~0 1nm =0 n==~o
16+ 3950 & 240 2975 « 700 1490 £ 1485
n=2 n=2 n =2

* Mean d1 standard deviation calculated from combined

results of Vestergaard (L1965), Paulsen et al. (1966),
and Tanner and Gupia (1968)
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riRure 3«f* The mean basal urinary androsterone excretion by

patients grouped by age, height and pubertal status.
The shaded area represents the nean « 1 SD of daily

androsterone excretion by normal subjects as shown

in Table 3.XI.

Patients v.ith short stature

Patients with bilateral undescended testes

Patients v/ith unilateral undescended testes
Patients with hypogonadism (microgenitalia)

Patients v/ith delayed puberty

s O g @ O o

patients with abnormal karyotype (identified by
protocol number)
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I+ will be noted that the shaded area of the graph represents the
range (: 1 SD) of daily androsterone excretion calculated from the combined
results of Vestergaard (1965), Paulsen et al. (1946) and Tanner and Gupta
(1968), as shown in Table 3.XI. This shaded area therefore represents,
for the present purposes, the normal range of the daily androsterone
excretion. The basal daily androsterone excretion of all 'near-normal?
patients here investigated are withiun these 1imi§s.

The shape of this curve is of interest. There is.a low, but increasing,
daily excretion of androsterone for patients less than 9 years. This then
rises more rapidly before puberty and at puberty there is 3 very steep rise
in the daily androsterone excretion which then continues through adolescence
to adulthood. As the adrenal cortex is the maiﬁ site of production of
androsterone before puberty, the initial prepubertal rise in androstercone
excretion probably represents the phenomenon of ‘adrenarchet, whilst the
rapid pubertal rise in the daily androsterone excretion is prcbably more
correlated to the increase in testicular secretion of precursors of
androsterone.,

It will be noted from Figure 3.5 that the basal daily excretion of
androsterone in patients of short stature is very low and continues to rise
at the prepubertal rate, there being neither adrenal nor testicular correlated
rise. DBelow 6 years of age the basal daily excretion of androsterone in
these patients, although very low, is not significantly different from the
normal value (0.05< p< 0.10). In older prepubertal children of short
stature (6-13 years) the daily excretion of androsterone is significantly
below the normal range (0.0002< p< 0.005) whilst in the pubertal and
adolescent age groups (13~20 years) this difference is statistically highly
significant (0.00005<p< 0.0005), Reduced testicular and/or adrenal
function must be concluded.

The basal daily excretion of androsterone in patients with bilateral

undescended testes is likewise subnormal. Below 6 years of age, the daily
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excretion of androsterone in these patients is extremely small (< 20 pg

per 24 hours) this being statistically significantly below normal

(0.002< p<0.005). In older prepubertal children with bilateral undescended
testes (6=13 years) the daily excretion of androsterone is significantly
below normal (0,00L< p<=0.01) and reduced testicular functiion must be
concluded. Furthermore as no difference was found between the daily
androsterone excretion of a patient with bilater?l undescended testes
{protocol 26, Table 3.X) and his fwo brothers following successful

bilateral orchidopexy (protocols 27 and 28, Table 3.X) it must be concluded
that aithough orchidopexy improves the spermatogenic potential of the testes
abnormal sterocidogenesis still persists.

The basal urinary excretion of androsterone in patients with hypogonadism
(small external genitalia) is very low. Below 9 years of age the daily
excretion of androstefcne by these patients is significantly below normal
(0.002< p<0.005). In older prepubertal children the daily urinary
excretion of androsterone is within the normal range whilst in hypogonadal
patients of pubertal age (13-16 years) absence of & pubertal rise made this
excretion significantly subnormall(0.01< p<0.02).

The basal urinary excretion of androsterone in a group of patients with
delayed puberty (aged 13=16 years) is highly significantly beliow the normal
range (0.0005< p<0.00L). It is interesting and perhaps of clinical
significance that thic group of patients has neither adrenal nor pubertal
correlated rises, whilst an older group of patients with delayed puberty
had an adrenal but not a testicular correlated rise. The urinary .
androsterone excretion in this group of older patients with delayed
puberty was not significantly reduced (0.05< p<0.10),

Two patients with the Prader-Willi syndrome (dwarfism, hypogonadism
and obesity) (protocols 32 and 72, Table 3.X) had daily urinary androsterone

levels within the low normal level for patient age, whilst one patient with
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this syndrome and bilateral undescended testes had a subnormal urinary
level of androsterone significantly below the normal level and equivalent
to that found in patients with bilateral undescended testes. Similarly,

a patient with the Laurence=Moon-Biedl syndrome with bilateral undescended
testes had 2 basal daily urinary androsterone level equivalent to that
found in patients with bilateral undescended testes.

Four patients with the testiculax feminizat%on syndrome (protoccls 1iw4)
all had daily androsterone excretion values within the normal range. 'The
bagal daily androsterone level in two patients with Klinefelter's syndrome
(protocols 8 and 9), although both below the normal range, were not
significantly different (0.10<p<0,25) from normal, Similarly, the basal
deily androsterone levels found in {two patients with the X0O/XY syndrome
were within the lower normal range, whilst the basal daily urinary androsterone
level in one patient with the XX/XY syndrome (protocol 5) was significantly
below normal (0.02< p< 0.05).

The urinary excretion of androsterone was significantly correlated
with age (r = 0.519), bone age {(r = 0.610) and pubertal stage {(r = 0.546).

To facilitate further study of the effect of HCG the patients were
grouped according to height and pubertal status and the mean stimulation
index calculated for each group. Patients investigated with 'near-normal?
phenotype were used for comparison. These indices are shown in Table 3.X11.

It will be noted from this table that the urinary excretion of
androsterone by *normalf® patients in this investigation is increased 1.6 fold
following HCG stimulation. Patients of small stature (height percentile <3),
having a very low basal urinary androsterone excretion, were found to have 2
very good increase in the urinary androsterone excretion after HCG
stimulation. This was significantly above (0.02<p<0.03) the *normal?
stimulation values found in this investigation.

Patients with undescended testes, with hypogonadism or with delaved

puberty, all had a good increase in the urinary androsterone excretion
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TABLE 3.XIT EFFECT OF HUMAN CHORIONIC GONADOTROPHIN ON THE
ANDROSTERONE EXCRETION BY DIFFERENT PHENOTYPES

Phenotype and Number

Near=normal' phenotype (n = 7)

Short stature (n = 31)

Bilateral undescended testes (n = 1§)

Hypogonadism (n = 24)

Unilateral undescended testes (11 = 6)

Delayed puberty (n = 6)

Testicular feminization syndrome (n = 4)

XO/XY syndrome (n = 2)

Kiinefelter®s syndrome (XXY, XX} (n = 2)

XX/XY syndrome (n = 1)

Stimulation Index*

1

(Mean Z 1 standard error)

1.63
2,99
2.58
2,18
2.07
1.02
1.62
i.39
3.56

1,18

3

|- EN

+
-

i+

LR

I+

14

0019

. 0.,61%%

0.83

0.44

0.88

047

0.32

0.30

0.94%%

Urinary androsterone excreticn (3rd day)

* Stimulation Index =

Basal androsterone excretion

*%  Significantly above normal
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after HCG stimulation from very low basal values. The stimulation of
androsterone excretion in these patients was not statistically above that
of the *normal' patients investigated here. Thus it would appear that the
primary failure in these patients is one of gonadotrophin lack and not
testicular fgilure as such.

Four patients with the testicular feminization syndrome have a normal
increase in urinary androsterone excretion, aftir HCG, from normal basal
levels. It is interesting that in two patients with Klinefelter's syndrome
(protocols 8 and 9) with low normal basal urinary androsterone excretion,
the reéponse to HCG is significantly above normal (0.00005<p <0.0001).

In two patients with the XO/XY syndrome, having basal urinary androsterone
excretions in the low normal range, the response to HCG stimulation is
within the normal range. Similarly, a patient with the XX/XY genotype
(protocol 5) has a normal response to HCG stimulation although the basal
level is significantly below normal, Definite conclusions cannot be given
here but these results will be further discussed later.

Aetiocholanolone

Again, the patients investigated were grouped according %o age, height
and pubertal status. The basal urinary excretion of aetiocholanolone
(column B, Table 3.X) for each group was plotted against the mean age of
the group. ‘The graph is shown in Figure 3.6.

It will be noted that the shaded area of the graph represents the
range (mean & 1 SD) of the daily urinary aetioccholanolone excretion
calculated from the combined results of Vestergaard (1965), Paulsen et 2l.
(1966) and Tammer and Gupta (1968), as shown in Table 3.XI, This shaded
area therefore represents the normal urinary aetiocholanolone excretion.
The shape of this curve closely resembles that for the urinary androsterone
excretion. Again, there is a low, but increasing, aetiocholanolone

excretion rate during childhood., Between 11 years and puberty there is a
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The mean basal urinary aetiocholanolone cxcrcticn by
patients grouped by age,
The shaded area represents the mean « 1 SD of daily

aetiocholanolone excretion by normal subjects as shown

in Table 3.XI.

Patients
Patients
Patients
Patients
Patients

patients

with
with
with
with
with
with
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short stature

AGE

height and pubertal status.

bilateral undescended testes

unilateral undescended testes

hypogonadism (microgenitalia)

delayed puberty
abnormal karyotype

protocol number)

(identified by

(Years
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more rapid increase in aetiocholanolone excretion, whilst at puberty

there is a very rapid rise in the aetiocholanolone excretion rate which
persists during adolescence until adult levels are attained. Likewise, as
the adrenal cortex is the main site of production of aetiocholanolone

before puberty, the initdial prepubertal rise in the urinary aetiocholanolone
excretion probably represents the phenomenon of ‘*adrenarche', whilst the
rapid pubertal rise is probably correlated to th$ rise in testicular
secretion of precursors of aetiocholanolone.

It will be noted from Figure 3.6 that the basal urinary excretion of
aetiocholanolone in patients with short stature is very low and continues
to rise at the prepubertal rate, there being neither adrenal nor testicular
correlated rise. The basal urinary excretion of aetiocholanolone in these
patients was significantly below normal (0.00005< p<0.02) at all age groups.

The basal urinary excretion of aetiocholanolone in patients with
bilateral undescended testes is likewise subnormal, Below § years of age
the urinary excretion of aetiocholanolone in these patients is significantly
below normal (0.0001< p< 0.02)} whilst in the older age group (9=13 years)
the urinary excretion of aetiocholanclone remains significantly below normal
(0.01< p<0.02) despite a significant (p = 0.02) adrenal correlated rise.

No difference is found in urinary aetiocholanolone excretion between a
patient with bilateral undescended testes (protocol 26, Table 3.X) and
his two brothers following successful bilateral orchidopexy (protocols 27
and 28, Table 3.X) and presumably testicuiar hypofunction persists.

The basal urinary excretion of aetiocholanolone in young patients with
unilateral undescended testes is much higher, being in the normal range,
However, absence of the normal pubertal rise causes the levels of
aetiocholanolone excretion in these patients to ﬁe significantly below normal
(0.00L< p<0,002) in older patients with unilateral undescended testes.

The basal urinary excretion of aetiocholanolone in patients with

hypogonadism (small external genitalia) is very low. Below 9 years of age
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the urinary excretion of aetiocholanolone in these patients is significantly
below normal (0.00005< p<0,05) whilst in the older age groups (9«16 years)
the urinary excretion of aetiocholanolone again remains significantly
below normal (0.02 <p<0.05) despite a very significant (0.001< p< 0.002)
adrenal corrglated rise.

The basal urinary excretion of aetiocholanolone in a group of patienfs
with delayed puberty (aged 13~16 years) was high?y significantly below
the normal range (0.0001<p<0.0002), It is again of possible clinical
significance that this group of patients has neither adrenal nor pubertal
correlated rises, whilst an older group of patients with delayed puberty
had an adrenal but not a testicular correlated rise. The urinary
aetiocholanolone excretion in this group of older patients with delayed
puberty was still significantly subnormal (0.02< p< 0.05),

Two patients with the Prader-Willi syndrome (protocols 58 and 72)
have daily urinary aetiocholanolone levels significantly below normal
(0.05< p< 0.10) whilst an older patient with this syndrome (protocol 32)
has a low normal level. One patient with the Laurence~Moon~Biedl syndrome
with bilateral undescended testes has a basal urinary aetiocholanolone
level equivalent to that found in patients with undescended testes.

Four patients with the testicular feminization syndrome (protocols 144)
211 have urinary aetiocholanolone excretions within the normal range.
The basal level of aetiocholanolone excretion in two patients with
Klinefelter's syndrome (protocols 8 and 9) are significantly below normal
(0.02< p<0.05) and in agreement with the results of Johnsen (1956).
Basal urinary aetiocholanolone excretion in two patients with the XO/XY
syndrome is very variable. One patient (protocol 6) has a normal daily
excretion level whilst the other (protocol 7) has a just significantly
subnormal excretion (0.05< p<0.10). The daily urinary aetiocholanoclone

excretion in a patient with the XX/XY syndrome is significantly subnormal.
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The urinary exéretion of aetiocholanclone was significantly correlated
with age (r = 0,685), bone age (r = 0.693) and pubertal stage (r = 0.613),

Again,; the patients investigated were grouped according to height
and pubertal status and the mean stimulation index calculated for each
group., The results found for patients with "near-normal? phenotype
were again used for comparison. The results are shown in Table 3.XIXI.

It will be noted from Table 3.XIII that theldaily excretion of
aetiocholanolone by normal patients here is approximately increased
1.7 fold following HCG stimulation. Although the stimulation index of
urinary aetiocholanolone excretion is not significantly different from
that of ‘*near-normal® patients in each of the phenotypes studied, it
will be noticed from Table 3.XIII that the levels found closely resemble
those found for the urinary androsteronelexcretion. Thus patients with
Klinefelter®s syndrome and patients with short stature (height percentile
< 3) have, again, a very good stimulation of urinary aetiocholanolone
excretion following HCG, whilst patients with the XO/XY syndrome have
a poor increment in aeticcholanolone following HCG administratione.

Dehydroepiandrosterone

The patients investigated were grouped according to age, height
and pubertal status, as before. The daily basal urinary excretion of
dehydroepiandrosterone (column G, Table 3.X) for each group was plotted
against the mean age of the group. The graph is shown in Figure 3.7.

It will be n?ted that the shaded area of the graph represents the
range (mean =1 SD) of daily urinary dehydroepiandrosterone (DHA)
excretion calculated from the combined results of Vestergaard (1965),
Paulsen et al. (1966) and Tanner and Gupta (1968), as shown in Table 3.XI.
This shaded area therefore represents the normal DHA excretion, during
childhood, puberty and adolescence., It will be noted that although the

urinary excretion of DHA is much lower than that for either androsterone
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“TABLE 3.XIIT RFFECT OF HUMAN CHORIONIC GONADOTROPHIN ON
AETIYOCHOLANOLONE EXCRETION BY DIFFERENT PHENCTYPES

Phenotype and Number Stimulation Index*

1
(Mean = 1 standard error)

*Near~normal?! phenectype (n = 7) 1.69 = 0.26
Short stature (n = 31) 3.07 « 0.71
Bilateral undescended testes (n = 16) 2.41 & 0.87
Delayed puberty (a = 6) 2.38 & 0.61
Unilateral undescended testes (n = 6) 2.31 = 0.40
Hypogonadism (n = 24) 2.31 & 0.46
Testicular feminization syndrome (n = 4) 2,09 = 0.59

i+

XO/XY syndrome (n = 2) 1,59 = 0.42
Prader=Willi syndrome (n = 3) 1.47 % 0.63
Klinefeltexts syndrome (n = 2) 7.35 = 3,50
XX/XY syndrome (a = 1) 12.00

Urinaxry aetiocholanolone excretion {3rd day)
Basal urinary azetiocholanolone excretion

* St¢imulation Index =
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The mean basal urinary dehydroepiandrostcrone excretion
by patients grouped by age, height and pubertal status.
The shaded area represents the mean - 1 SD of daily

dehydroepiandrcsterone excretion by normal subjects
as shown in Table 3.XI.

Patientswith short stature (height percentile #3).
patientswith bilateral undescended testes.
Patientswith hypogonadism (microgenitalia),

Patientswith delayed puberty.

Patients with abnormal karyotype (identified by
protocol number).



or aetiocholanolone, the general shape of the curve is very similar.
Again,; there is a low, increasing daily DHA excretion during early childe
hood and a more rapid rise in the daily DHA excretion between 10 years and
puberty. At puberty there is a very rapid increase which continues during
adolescence to reach adult levels. It is probable that the initial
prepubertal rise in urinary DHA excretion is correlated with increased
adrenal production of DHAS whilst the pubertal rfse is probably related
to increased testicular activity.

It will be noted from Figure 3.7 that {the basal urinary excretion of
DHA in patients of short stature is very low, closely corresponding to the
lower extremes of the normal range. Levels for these patients below 9
yvears of age are not significantly below the normal levels of DHA excretion.
However, the delay in the adrenal correlated rise causes the urinary
excretion of DHA to Dbe highly significantly below normal (0.0005< p<0.001)
in pétients with short stature aged 9-13 years, whilst in patients in the
pubertal and adolescent age groups the urinary excretion of DHA remained
significantly below normal {0.005< p< 0.02).

The basal daily excretion of DHA in patients with bilateral undescended
testes is likewise very low during early childhood. ‘The basal excretion of
DHA betweenr 3 and 6 years of age is significantly below normal
(0,0002< p< 0.0005), whilst in the next age group (6=9 years) it is just
not significantly below normal (0.05< p<0.10). Above 9 years of age the
daily excretion of DHA is in the normal range in these patients and there
appears to be a normal adrenal correlated rise in the excretion., Again,
no difference was noted in the daily DHA excretion of a patient with
bilateral undescended testes (protocol 26) and his two brothers following
successful bilateral orchidopexy (protocols 27 and 28).

However, the basal daily excretion of DHA in patients with unilateral

undescended testes in the prepubertal age group (9-13 years) is much higher,
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being within the normal range, but absence of the normal pubertal rise
causes the levels of DHA excretion in older patients (13-16 years) to be
significantly below pnormal (0.01<p<0.02).

The basal urinary excretion of DHA in patients with hypogonadism
(small penis, small scrotum and microtestes) is within the normal range
and increases normally with age. Similarly the basal urinary excretfion
of DHA in patients with delayed puberty, althoug? at lower 1limits of normal,
are not significantly different from normal (0.1< p<0.2).

The basal daily excretion of DHA in three patients with the Prader-Willi
syndrome (protocols 32, 58 and 72) is within the low normal range and
appears to increase normally with age., One patient with the Laurence-~Moon=
Biedl syndrome with bilateral undescended testes has a basal daily DHA
excretion equivalent to that found in patients with undescended testes.

Four patients with the testicular feminization syndrome (protocols 1=4)
2ll have a normal basal daily DHA excretion. The basal daily excretion in
two patients with Klinefeltert®s syndrome is just within the low normal
range. Similarly, the bassl DHA excretion in two patients with the XO/XY
syndrome is within the low normal range. The corresponding value in a
patient with the XX/XY syndrome is just significantly below normal
(0.05< p<0.10),

Many authors have disputed the presence of DHA in the urine of
prepubertal children. Paulsen gf al. (1966) could not detect DHA in the
urine of any child below 8 years. Similarly, Beas et al. (1962) found no
DHA in the urine of 5 boys aged 5 to 7 years. 1In this investigation
urinary DHA was not detected in 7 patients and very low levels (< 10 ug
per 24 hours) were found in a further 11 cases. It is interesting that
6 out of the 7 patients with undetectable urinary DHA have undescended
testes, and 6 out of the 1l patients with a very low urinafy DHA excretion
also have undescended testes. This is suggestive of a deficiency of

17,20-desmolase in patients with undescended tlestes.
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The urinary excretion of DHA was significantly correlated with age
(r = 0.394), bone age (r = 0.456) and pubertal stage (r = 0.462).

Again the stimulation index was calculated in respect of DHA
excretion for each patient. The patients investigated were grouped
according to height and pubgrtal status and the mean stimulation index
calculated for each group. Patients investipated with 'near-normal?
phenotype were used for comparison. The resultslare shown in Table 3.XIV.

Here it will be noted that the daily excretion of DHA by normal
patients in this investigation is approximately increased 1.8 fold following
HCG stimuiation. Note, too, that the stimulation index for the daily DHA
excretion is very variable in patients with bilateral undescended testes
and in patients with delayed puberty. Although the stimulation index of
urinary DHA excretion is not significantly different from that of *neax~
normal® patients in eéch of the phenotypes studied, it will be ncticed
from Table 3.XIV that the levels found closely resemble (with the exception
of those for patients with bilateral undescended testes and patients with
delayed puberty) those found for the rise in urinary aetiocholancione
excretion following HCG {(Table 3.XIII, page 151).

Ratio of Androsterone to Aetiocholanolone

The principal end~products of androgen metabolism in man are the
stereoisomers, androsterone and aetiocholanolone. They are formed in
approximately equal quantities from the metabolism of the three main
androgens, testosterone, androstenedione and dehydroepiandrosterone, and
thus the ratio of urinary androsterone to urinary aetiocholanolone (A/Ae
ratio) in normal subjects is approximately unity. (Baulleu and
Mauvais~Jarvis, 1964; Johnsen, 1968),.

Wilson and Schenker (1964) have shown that the A/Ae ratio is lowered
by large doses of corticosteroids whilst Bradlow et al. (1956) found that

the A/Ae ratio is dependent on the level of thyroid hormone., Johnsen (1968)
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TABLE 3.XIV EFFECT OF HUMAN CHORIONIC GONADOTROPHIN ON
DEHYDROEPIANDROSTERONE EXCRETION BY DIFFERENT PHENOTYPES

Phenotype and Number

*Near=normal?® phenotype (n = 7)

Bilateral undescended testes (n = 16)

Delayed puberty (n = 6)

Klinefelter®s syundrome {(n = 2)

Short stature (n = 31)

Testicular feminization syndrome (n =

Hypogonadism (n = 24)

Unilateral undescended testes (n = 6)

Praderw-Willi syndrome (i1 = 2)

]

X0O/XY syndrome (n = 2)

i

XX/XY syndrome (n = 1)

Stimulation Index*

(Mean < 1 standard ersor)

1.78 £ 0.50

i+

4.11

6.02 = 4,62

i+

3.98 -~ 1,38

T4

3.0 » 1,03

2@51 e 0991

I+

0.30

L

1.39 = 0.40

0.87 » 0.01

LR

0.24

3.00

Urinary DHA excretion (3rd day)

* Stimulation Index =

EBasal DHA excretion
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has shown that a raised A/Ae ratio, which may indicate hypothalamic
disorders, i; caused by a change in the metabolism of the principal
androgens and not by abnormal steroid production.

The ratios of the daily urinary androsterone to the daily urinary
aetiocholanolone excretion, calculated from the basal excretion and from
the excretion on the third day of HCG stimulation, are shown in columns
I and J respectively of Table 3.X. These ratios}are compared to the
normal A/Ae ratios found by Johnsen (1968).

It will be noted from Table 3.X that the basal A/Ae ratios found in
many of the patients investigated are above the normal range and many of
these elevated ratios are not suppressed by stimulation of testosterone
synthesis by the administered HCG.

In order to discover if the A/Ae ratio is related to the phenotype
of the patients investigated, the patients were grouped according to height
and pubertal status and the mean A/Ae ratio calculated for each group.
These results are shown in Table 3.XV.

It will be noted from this table that patients with *near=normalf
phenotype in this investigation, having normal daily bhasal and post=
stimulation excretion of both androsterone and aetiocholanolone, have a
mean A/Ae ratio within the normal range. This ratio is not significantily
different from that found in the published norxmal cases of Johnsen (1568)
and it does not alter significantly following stimulation with HCG. The
ratios in the other phenotypes are thus compared to that found in these
*near—normal® patients.

Patients with hypogonadism (small penis, small scrotum and micro-
testes), who have very Jow basal daily excretion levels of both androsterone
and setiocholanolone, have an elevated A/Ae ratio. This ratio is
significantly (0.01< p<0.02) above that found in the ‘near-normalt

patients. As the stimulation of androsterone and astiocholanolone



w L5y =

TABLE 3.,XV RATIO OF URINARY ANDROSTERONE TO URINARY ABTIOCHOLANOLONL IN
VARTIOUS PHENOTYPES

Phenotype and Number Mean A/Ae ratio

(* 1 standard error)

BASAL DAY 3

Normals (Johnsen, 1968) 1.04 -
(n =-112) (range 0.,51=2.10)

*Near-normal?® phenotype 1.79 % 0.30 1.74 & 0.29
(n=7)

Hypogonadism 6.06 = 1,59% 2.29 & 0.57%
(n = 24)

Klinefelter's syndsrome 5.63 = 1,80 2.94 & 0.11%
(n = 2)

Testicular feminization syndrome 3,83 & 1,51 2.28 = 0.54
(n = 4)

Bilateral undescended testes 2.92 £ 0,905 2.89 % 0,72
(n = 16)

Short stature 2,15 = 0.34 2.30 % 0.37
(n = 29)

XO/XY syndrome 2.08 & 0.65 2.07 & 1,01
(n = 2)

Pelayed puberty 2.01 £ 0.34 1.70 % 0.27
{n = 6)

Unilateral undescended testies 1.57 & 0.20 1.69 b4 0.18
(n = 35)

* Significantly different from “near=normal’® phenotype
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excretion following HCG is normal in these patients, it is possible that
the defect may be of hypothalamic origin or, alternatively, caused by
abnormal androgen metabolism.

Two patients with Klinefelter®s syndrome (protocols 8 and 9), who
have a normal daily excretion of androsterone but a decreased excretion of'
aetiocholanolone, have an elevated A/Ae ratio. This ratio is Jjust not
significantly above that found in the 'nearwnormgl' patients. The rise of
androsterone and aetiocholanolone excretions following HCG is also
raised in these patiéﬁtsa This is consistent with abnormal androgen
metabolism,

Four patients with the testicular feminization syndrome, with basal
androsterone and aetiocholanolone excretions within the normal range,
have 2 raised A/Ae ratio although this is not significantly above that of
*near~normal® patients. As the response of androsterone and
aetiocholanolone excretion to HCG adminis¢ration was normal in these
patients, normal androgen metabolism must be postulated. This is consistent
with the defect being an end-organ insensitivity to androgen in such patients.

Patients with bilateral undescended testes have an A/Ae ratio which,
although raised, is not significantly different (0.2<p<0.5) from that of
tnear-normal® patients. These patients have a good increase in androsterone
and aetiocholanolone excretion following HCG frém very low basal levels,
The defect in these patients is thus probably related to partial
gonadotrophin failure.

In patients with short stature, having very low basal daily
excretions of both androstercne and aetiocholanolone, the A/Ae ratio is
not significantly different from that found in the ‘*nearw-normal?! patients.
It is therefore postulated that the extremely low excretion of androgen
metabolites in these patients is not caused by abnormal metabolism but

rather by reduced synthesis of androgens.



In patients with delayed puberty, who have similarly very low basal
daily excretion of androsterone and aefiocholanolone, the A/Ae ratio is
similarly not significantly different from that found in patients of
tnear-normal?! phenotype. Again it is probable that the extremely low daily
excretion of the androgen metabolites in these patients reflects a2 low
synthesis of androgens and it is this low androgen productioca which
induces the delayed puberty. )

The patient with the XX/XY génotype (protocol 40}, who has extremely
low basal levels of androsterone and aetiocholanolone excretion, also has
a greatly elevated A/Ae ratio. The A/Ae ratio of 11.00 is statistically
significant when compared with that of ‘*near-normal® patients, and this
is consistent with an abnormal androgen production that would be
expected in subjects with ovotestes.

Two patients with the X0O/XY syndrome have A/Ae ratios not significantly
different from that found in ‘*near-normal' patients. As the basal daily
levels of androsterone and aetiocholanolone excretion in these patients
are within the normal range and increase normally with HUCG administration,
it would appear that the metabolism of androgens in this syndrome is
identical with that of normal males.

Two patients with precocious pubexty (protocols 77 and 78) have
greatly elevated A/Ae ratios. The mean A/Ae ratio of 8.42 is significantly
above that of 'near-normali® patients. This elevated A/Ae ratio may be
related either to an over«production of androgens or to an abnormal
androgen metabolism,

The A/Ae ratios in three patients with the Prader=Willi syndrome were
very variable. Although the mean A/Ae ratio of 10.29 is grossly elevéted
this is not significantly above that of *near-normal® patients owing to
large variation. However, it is interesting that Johnsen (1968) described
-elevated A/fe ratios in patients with similar phenotypes (ic hypogonadism

with obesity) and related this to & hypothalamic defect.
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When the A/Ae ratios on the third day of HCG are compared to the A/Ae
ratios of the basal day (Table 3.XV) no significant change in androgen
metabolism is noted. However, there is a trend towards lower (normal)
results following HCG. Note, too, that in a patient with the XX/XY
genotype and ovotestes the grossly elevated A/Ae ratio of the basal day
is reduced to the normal level following HCG administration. This is
consistent with an abnormal basal androgen meta%olism which is normalised,
although not greatly elevated, by stimulation of the Leydig cells with
gonadotrophin. Thus it may be that the gonadotrophin (HCG) administered
has otﬁer extra~testicular effects which influence metabolic pathways and
even tissue sensitivity to metabolically active androgens.

Epiandrosterone

Very few normal levels for the daily urinary excretion of epiandrosterone
(38~hydroxy—Sawandrosfan~l7~one) in children and adolescents have been
reported in the literature. Paulsen et al. (1966) found undetectable
urinary levels in children before 9 years of age and reported low levels
of urinary epiandrosterone in only three male children in early puberty.
Uozumi et al. (1969) confirmed the negligible urinary epiandrosterone
excretion in young children and reported mean levels of daily urinary
epiandrosterone excretion in early puberty, adolescence and throughcut
adulthood in males. In females they reported negligible epiandrosterone
excretion until adulthood and even then the levels were below those found
in males. Feher (1967a) reperted levels of urinary epiandrosterone in
normal adults and in patients with various endocrine disorders.

The basal daily urinary epiandrosterone excretion rates found in
this investigation (Table 3.XVI) were initially compared to the normal
values reported by Uozumi gt al. (1969). The basal urinary epiandrosterone
ekcre%ion (column C, Table 3,XVI) was plotted against patient age. This

graph is shown in TFigure 3.8, Here it will be noted that the shaded area



TABLE 3,XVI DATLY

w 162 w

URINARY EXCRETION OF EPIANDROSTER(ME AND THE EFFECT OF
ADMINISTERED HCG

Epiandrosterone
Excretion

Epiandrosterone
Excretion

Protocol (Y:iis) (pg/24 hrs) Protocol (Ygiis) (pg/24 hrs)
Basal Day 3 Basal Day 3
A B C D A B C D
1
1 0.4 129 356 41 4.2 1 6
2 2.8 78 1,163 42 13.0 2 13
3 3.3 120 124 43 14,0 15 4
4 10.1 2 6 44 14.0 5 5
5 6.0 1 1 45 16.0 49 i
6 12.3 8 19 46 16,0 9 76
7 14,8 657 640 47 16.0 12 16
8 8.7 45 10 48 16.0 17 37
9 14.0 238 3,289 49 16,1 4 12
10 8.1 42 47 50 17.2 5 6
il 8.5 10 20 51 3.8 a1 4
13 11,0 11 10 52 6.8 64 57
i4 11.5 73 2 53 10.9 742 2,078
15 12,2 17 6 54 11,0 105 611
16 14.3 15 10 55 12.6 53 7
17 15.0 46 30 56 13,7 247 533
i8 5.4 2 7 57 13.9 261 316
19 6.0 10 8 58 4.5 572 415
20 8.3 47 164 59 5.4 33 46
21 10.1 15 17 60 9.5 57 6
22 10.3 16 42 61 9.6 136 isl
23 11.8 196 202 62 0.0 194 ND*
24 15,0 100 9 63 10.9 486 497
25 15.3 382 ND 64 14.4 214 158
26 4,1 4 1 65 15.0 36 42
27 6.0 50 4 66 15.6 24 13
28 7e3 19 195 67 20.0 14 35
29 8.2 1 7 68 26,0 24 23
30 10.8 2 4 69 12.1 353 1,388
31 10.8 12 3 70 1¢.9 201 276
32 11,0 8 8 71 6.3 83 5
33 11,2 4 3 72 8.0 6 11
34 11,9 1 26 73 15.5 40 17
35 13.5 7 i T4 8.3 1 2
36 14.8 4 5 75 7.0 23 17
37 15.0 15 39 76 9.0 119 20
38 16,1 16 6 79 17.2 10 6
39 19.0 i) 6 30 14,0 34 39
40 4,1 4 14

* ND = Not Detectable
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Figure 3.8 The mean basal urinary epiandrosterone excretion by
patients grouped by age and pubertal status. The
shaded area represents the mean - 2 SD of normal
urinary excretion of epiandrosterone found in this

investigation.

KEY:

A

Mean normal excretion found in this investigation

0 Mean normal excretion (Uozumi £t al., 1969)

Mean excretion in patients vdth raised urinary excretion of
epiandrosterone
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of the graph represents the range ¢ 2 SD) of normal daily urinary
epiandrosterone excretion found in this investigation.

There is an extremely low daily excretion of urinary epiandrosterone
throughout the prepubertal, pubertal and adolescent sge groups studied.
Note, too, the absence of any significant rise in daily epiandrosterone
excretion as occurred with the other 11~deoxy~17~oxosteroids during the
late prepubertal or pubertal periods. As there ﬁs no sudden rise at
puberty it is improbable that the main precursor of epiandrosterone is
testosterone, as reported by Fukushima et al. (1954}, since normally there
is a mérked rise in testosterone at puberty.

It will also be noted further from Figure 3.8 that this normal range
of daily urinary epiandrosterone excretion closely resembles that found in
the normal cases of Uozumi et al. (1969). However, the daily basal urinary
epiandrosterone excrefion in other patients in my series was greatly
elevated. No correlation was found in these patients between the phenotype
and elevated epiandrosterone excretion, although it is interesting that the
majority of these patients had undescended testes. It is probable that the
elevated daily urinary epiandrosterone excretion found in these patients
reflects abnormal androgen metabolism. The precursors of epiandrosterone
were therefore studied to investigate the possibility of abnormal androgen
metabolism in these patients.

Dorfman and Shipley (1956) reported {hree theoretical pathways
between testosterone and epiandrosterone. The normally accepted pathway
of catabolism proceeds through A4wandrostenedione and Sa=androstanedione
and favours the formation of androsterone (the 30=-metabolite).
Epiandrosterone synthesis and its urinary excretion are therefore normally
low. Metabolism of testosterome in androgen~dependent tissues may, however,
take place through Su~dihydrotestosterone and Sa~androstane~36,173=dicl to
yield epiandrosterone, whilst the third possible metabolic pathway procceds

through Asmandrostcnew38,17deiol and dehydroepiandrosterone,
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Raised urinary epiandrosterone excretion can therefore be caused
by a relative change in the activities of 3u~ or 3B=dehydrcgenase in
favour of 3B~enzyme, or possibly by tissue metabolism of another
androgen (probably DHA) in the event of either inadequate levels of
testosterone or tissue insensitivity,

In order %o evaluate further the state of the 3u=~ and 3B~dehydrogenases,
the basal daily urinary epiandrosterone excreti%Q in my series was plotted
against the basal urinary excretion of androsterone for each patient.

This graph is shown in Figure 3,.9.

There the shaded area of the graph represents the normal ratio of
urinary excretion of androsterone to the urinary excretion of
epiandrosterone (A/EpiA ratio), All patients in this investigation with
normal basal levels of urinary epiandroéterone excretion are within this
range, in agreement with the mean A/BFpiA ratio of 12.25 calculated from
the data of Uozumi et al. (1969). The lower limit of this normal range
was taken as an A/EpiA ratic greater than 5, after scrutiny of the normal
range of urinary epiandrosterone excretion, as shown in Figure 3,8.

All patients with elevated levels of epiandrosterone excretion have
a low A/EpiA ratio and are therefore below the normal range. These patients
were divided into two groups for further evaluation, patients with a
raised daily epiandrosterone excretion and with an A/EpiA ratio greater
than 1, and those with a raised urinary epiandrosterone excretion and
with an A/EpiA ratio less than 1.

In each of these groups of patients the basal daily urinary

epiandrosterone excretion was compared to that of other steroids.
Spearman correlation coefficients were calculated between the excretion
rates of these steroids in each group of patients. These are shown, where
sipnificant, in Table 3.XVIIL.

There it will be noted that for patients with a normal basal urinary

cpiandrosterone excretion, the excretion of epiandrosterone is
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found, in 'near-normal* patients in this investigation.

Patients with normal A/EpiA ratio
Patients with elevated A/EpiA ratio (Epiad)

Patients with elevated A/EpiA ratio (Hpia>A)



w 167 =

TABLE 3.XVIT SIGNIFICANT SPEARMAN CORREIATION COEFFICIENTS OF BASAL
URINARY BEPTANDROSTERONE EXCRETION WITH BASAL URINARY
EXCRETICN OF OTHER STEROIDS

Patients with Patients with
-ent ' EBlevated Epiandrosterone Excretion
- Normal
Steroid® _— .
BEpiandrosterone {
Excretion EpiA <A BpiA > A

A 0.690 0.934 0.787
Ae 0.476 0.730 0n725
DHA 0.617 0.806 0,750
50m=Diol 0.480 “ m
58=Diol 0.449 v w
3B=Diol 0.328 0.452 v
PT L -