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Abstract The review starts off by outlining the history of
the discovery of the male sex hormone testosterone and
the historical background to the various, often dubious,
approaches to the treatment of age-related endocrine
disorders in older men. A discussion of congenital
androgen deficiency in young men is followed by
methods of diagnosing hypogonadism in older men.
Among therapeutic options, the alternatives to direct
testosterone replacement are discussed, although none of
them have proved to be particularly successful in clinical
practice. For testosterone replacement itself, various
routes of administration and pharmaceutical formulations
are now available, facilitating good monitoring and
individualized therapy.

Introduction and historical background

Although the name testosterone is only 68 years old, the
hormone that it identifies has been a focus of scientific
interest for almost 150 years and its distinct effects have
been obvious throughout the history of mankind. Its
influence on physical and sexual development and its
therapeutic properties continue to inspire new research
and controversy (Freeman et al. 2001).

As defined traditionally, an androgen is a substance
that stimulates the growth of the male reproductive tract.
It is important to realize that this is a biological and not a
chemical definition. Nonetheless, the most potent andro-
gens are steroids. It has proved to be a difficult challenge
in steroid chemistry to isolate, characterize, and synthe-
size the male hormones. The interstitial cells (the so-
called Leydig cells) of the testes are the secretion site for

M. Oettel (£2)

Jenapharm, 07745 Jena, Germany
e-mail: michel.oette] @ gmx.de
Tel.: +49-3641-446551

Fax: +49-3641-441396

Present address:
M. Oettel, Beethovenstraie 30, 07743 Jena, Germany

androgens, but contain only small stores of androgens
because, once synthesized, testosterone (T) is secreted
promptly into the circulation. In normal adult men, the
testicular pool turns over 20 times or more each day to
account for the average daily secretion of 6-7 mg T in a
circadian rhythm, with a nocturnal rise in T followed by a
decline during the day. In young men, there is a close
temporal coupling between pulses of LH and T secretion,
resulting in a circadian rhythm, with evening levels of
serum T being approximately 25% below the morning
levels (Veldhuis et al. 1987). T circulates bound to sex
hormone-binding globulin (SHBG) and albumin, with
only 1-2% remaining unbound, and hence biologically
active (for a review, see Byrne and Nieschlag 2003).

As early as 1927, Lemuel Clyde McGee (1927)
reported the isolation of active extract of the lipid fraction
of bull testicles. The magnitude of the problem faced by
steroid chemists has been illustrated by the fact that labor-
intensive extracts from up to 100 g of testes were required
for a positive result in the so-called chick comb bioassay
(Tausk 1984; Bruchovsky and Wilson 1999). It is not
surprising, therefore, that 15 mg of the first known
androgen — androsterone — was isolated by Adolf Bute-
nandt from 15,000-25,000 liters of policemen’s urine in
1931. The name of this relatively weak urinary androgen
comes from “andro” = male, “ster” = sterol, and “one” =
ketone. The chemical synthesis of androsterone was
performed by Leopold Ruzicka 4 years later. In the same
year, Karoly David, Elizabeth Dingemanse, Janos Freud,
and Ernst Laqueur (David et al. 1935) reported the
isolation of the main secretion product from the testes and
the main androgen in the blood, T, from several tonnes of
bull testes. The term “testosterone”, coined by this Dutch
group, combines ‘“testo” = testes, “ster” = sterol, and
“one” = ketone (see Fig. 1). In the same year, the
chemical synthesis of T was published by the three groups
led by Adolf Butenandt (Butenandt and Hanisch 1935),
Ernst Laqueur (David et al. 1935), and Leopold Ruzicka
(Ruzicka and Wettstein 1935). Ruzicka and Butenandt
were offered the 1939 Nobel Prize for chemistry for their
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Fig. 1 Molecular structure of the C19-steroid testosterone

work, but Butenandt was forced by the Nazi government
to decline the honor.

Astonishingly, the first paper describing the conver-
sion of T to the powerful key metabolite Sa-dihydrotes-
tosterone (DHT) in vivo and in vitro was not submitted
until 32 years later (Bruchovsky and Wilson 1968). It was
then another two decades later that Chang et al. (1988a,
1988b), Lubahn et al. 1988a, 1988b), Trapman et al.
(1988), and the Wilson group (Tilley et al. 1989)
succeeded in characterizing and expressing a cDNA
encoding the human androgen receptor.

Although the endogenous aromatization of T to estro-
gens has likewise been known since the late 1930s
(Steinach and Kun 1937), it is only recently that we have
understood the molecular biology of the aromatase gene
(Simpson and Davis 2001) and the biological significance
of the so-called “female sexual hormones”, the estrogens,
for men (Oettel 2002; Gooren and Toorians 2003).

The androgen receptor (AR), which mediates androgen
action in the cell, belongs to the superfamily of nuclear
receptors, a large group of transcription factors. Recent
studies have described how the AR acts on specific target
genes. The receptor’s specificity of action depends on its
regulation at different levels: expression in the cells,
ligand binding, and DNA-specific sequence recognition
by structurally conserved domains and regulation by
transcriptional factors in an integrated response (Gobinet
et al. 2002). Like other transcriptional factors, AR may
communicate with the general transcription machinery on
the core promoter to exert its function as a transcriptional
modulator. The molecular communication between AR
and the general transcription machinery may be achieved
either by direct protein—protein interaction between AR
and the general transcription machinery, or by the indirect
interaction mediated by many co-regulators (Lee and
Chang 2003).

The extraordinary interplay between the genomic or
“classical” (via cell nucleus) and the nongenomic or
“nonclassical” (via cell membrane) action of T was also
only fully understood a short while ago (Heinlein and
Chang 2002; Lutz et al. 2003; Papakonstanti et al. 2003;
Simoncini and Genazzani 2003).

Obviously, the highly sophisticated molecular phar-
macology of androgenic action has substantially influ-
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enced our modern knowledge of the molecular biology of
endogenous signal systems. Nevertheless, there still is a
certain suspicion in some quarters about androgen ther-
apy. Why should that be so? A look at the history of
testosterone therapy in aging men shows remarkable
scientific achievements, but often, however, also a great
deal of speculation and many dubious practices. John
Hunter (1728-1793) performed testicular transplantation
experiments while studying tissue transplantation tech-
niques in 1767 and, almost a century later, Arnold
Berthold (1801-1863) linked the physiological and be-
havioral changes of castration to a substance secreted by
the testes.

The first considerations regarding the relationship of
hormone production to the aging process stemmed from
Charles Edouard Brown-Séquard (1817-1894), giving
rise to the field of organotherapy. At the age of 72 years,
he experimented on himself with an injection of animal
testicular extract. While he believed that his experiments
were successful, the results were almost certainly the
result of a placebo effect.

The Viennese physiologist Eugen Steinach (1861-
1944) gained public attention for his theory of the
“autoplastic” treatment of aging. He assumed that after
vasoligation, an increased incretory hormonal production
would appear following the cessation of the secretory
output of the gonads. The first operation was performed in
1918 and resulted in a worldwide vasectomy boom over
the next two decades. The Russian, Serge Voronoff
(1866—1951), working in Paris and elsewhere, was one of
the first to transplant testicular tissue from a monkey into
a human testicle in 1920. The Swiss genito-urinary
surgeon, Paul Niehans (1882-1971) claimed to have
performed more than 50,000 “cellular therapy” treat-
ments. He envisioned the replacement of organ trans-
plantation by the injection of viable cells (Schultheiss et
al. 1997; Freeman et al. 2001).

The first modern description of the “male climacteric”
(Die Wechseljahre des Mannes) was by the German, A.
Hoche, in 1927 (Hoche 1928). In the 1940s in the USA a
number of publications appeared describing a “male
climacteric”. Heller and Myers (1944) demonstrated that
climacteric (from the Greek for “rung of a ladder”)
symptoms could be reversed by T. They utilized a quasi-
controlled placebo trial to demonstrate this effect. Werner
(1946) was the first to describe the symptoms of the male
climacteric, which included nervousness, decreased po-
tency, decreased libido, irritability, fatigue, depression,
memory problems, sleep disturbances, numbness, tin-
¢gling, and hot flushes (Morley and Perry 2003b).

All these hormonal approaches to rejuvenation were
made before the discovery of T or the supply of high-
quality androgen products by the pharmaceutical industry.
They are completely out of date now. Only with the
introduction of high-quality testosterone preparations did
it become possible to provide a scientific basis for
androgen therapy. The first long-term experiences have
now been documented. Ernest Hemingway took testos-
terone for the last decade of his life, providing us with one
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of the longest patient histories for T administration
(Morley and Perry 2003b). Louis Gooren (1994) has
reported in detail on the safety of T undecanoate admin-
istered orally to a small group of men over a period of
10 years. However, the public still have their doubts when
it comes to the subject of androgen therapy. The present
review attempts to weigh the pros against the cons of
androgen therapy in older men.

Androgen deficiency

The term male hypogonadism covers all states of testic-
ular hypofunction, including incretory as well as secretory
forms of insufficiency. Eunuchism [from gvvn (bed)] and
exew (hold), evvovyol (the “bed protector”)] usually
implies the condition after castration, whereas eunuchoid-
ism means a congenital or acquired gonadal insufficiency
(Labhart 1974).

The clinical picture of hereditary as well as acquired
androgen deficiency is well characterized and therefore
the classification of male hypogonadism poses no partic-
ular problem for us (Table 1). To my knowledge androgen
therapy (T propionate) was first described in a case of
traumatic postpubertal eunuchoidism by Foss (1937). The
appropriate T therapy has presented certain difficulties in

the past, because few suitable preparations were available.
Meanwhile, the situation has definitely improved (see
below) and androgen therapy of primary as well as
secondary hypogonadism as a testicular disease is not a
major problem. Therefore this relatively clear diagnostic
and therapeutic field is not discussed further here.

The picture is different for age-related androgen
deficiency in men. There are several controversial dis-
cussions here and research is needed in order to reach a
consensus. The problem starts with the definition. Terms
found in the literature include:

— andropause

— male climacteric

— acquired male hypogonadism

— late onset hypogonadism

— androgen decline in aging males (ADAM)

— partial androgen decline in aging males (PADAM).

Whenever there are so many terms, this suggests some
uncertainty regarding the knowledge of etiology, diag-
nostics, and the medically founded necessity of androgen
therapy. Malcolm Carruthers (2001) says in this connec-
tion that the best current definition for age-related
androgen deficiency comes from Tremblay and Morales
(1998): “When men exhibit several symptoms and/or

Tab. 1 The different forms of male hypogonadism with impaired testosterone secretion

Clinical picture

Cause/Incidence

Hypothalamus (Secondary Hypogonadism)

Idiopathic hypogonadotropic hypogonadism and
Kallmann’s syndrome (hypogonadism with anosmia)
Prader-Labhart-Will syndrome (minimal deletion of
chromosome Y)

(GnRH)

Laurence-Boon-Bardet-Biedl syndrome (autosomal Ditto
recessive hereditary malformation syndrome)
Familiar cerebellar ataxy Ditto

Constitutional Pubertas tarda (delayed puberty)
Secondary disturbance of GnRH secretion

Constitutional disturbance of the secretion of gonadotropin releasing hormone

Ditto (1:1000)

Delayed biological clock
Tumor, infiltration, traumatic insult, radiation, malnutrition, vascular insuffi-

ciency, narcotics, drugs, infections

Pituitary Gland (Secondary Hypogonadism)
Hypopituitarism (Simmond’s Disease)

Infiltration, adenoma, ischemia, Empty-Sella-syndrome, radiation, postsurgical

dysfunction, narcotics, drugs

Pasqualini syndrome (fertile eunuch syndrome)
Hyperprolactinemia

Testis (Primary Hypogonadism)

Hereditary anorchidism

Acquired anorchidism

Gonadal dysgenesis (absence of functional germ cells)
Aplasia of Leydig cells

Male pseudohermaphroditism

Klinefelter’s syndrome (XXY syndrome)

Double-X men

Isolated deficiency of lueinizing hormone (LH)
Adenoma, drugs

Fetal loss of testes of failed “anlage”

Trauma, torsion, tumor, operation — castration (early or late)
Mutation of gene Y

Constitutional

Enzyme defects for testosterone biosynthesis

Mostly trisomy 47, XXY (1:590)

Translocation of a Y-chromosomal segment into the short arm of the

X-chromosome

Noonan syndrome (XY-Turner phenotype)
Systemic Diseases

Incomplete translocation of a Y-chromosomal segment (1:1000)
Renal failure, sickle cell disease, hemosiderosis, liver cirrhosis, AIDS, chronic

pulmonary diesease (COPD), sleep apnea, lepra, epidemic parotitis (mumps),
diabetes mellitus, myotonia dystrophia, protein energy malnutrition etc.

Noxious Substances
Physical Environmental Influences

Drugs including anti-androgens, environmental and nutritional poisons
Exogenous or endogenous (fever) heat, pressure, vibration, radiation




69

2.0 @

r=-0.5

Total Testosterone/SHBG ratio

20 30 40 50 60 70 80 90
Age (years)

Fig. 2 Serum total testosterone (A)
concentration (A) and free an- 60 r=-0.22
drogen index (B) in 1014 men e
of different ages. Note the 50
stronger decrease of bioavail- =
able testosterone based on age- ° 40
dependent increase of SHBG E
(from Oettel et al. 2003a; with °
permission) s 30
)
@
S 20
[
(]
[
10
0
14
=
[°]
S
=
)
2
t
o]
o

20 30 40 50 60 70 80 90
Age

Fig. 3 Serum cortisol-levels and age in 1015 men (from Oettel et
al. 2003a; with permission)

clinical features of reduced testosterone availability to
various systems or organ functions”. On the other hand, is
the age-related decrease in testosterone secretion a
testicular disease which always needs to be treated with
testosterone?

Briefly, secretions of anabolic hormones such as T,
dehydroepiandrosterone (DHEA), growth hormone (GH),
and insulin-like growth factor I (IGF-I) decline, while the
most important catabolic hormone cortisol remains con-
stant during aging (Figs. 2, 3). In such age-dependent,
increasing relative hypercortisolism (Oettel et al. 2003),
we can at the same time find the following symptoms,
which are typically observed in the elderly:

— an impaired immune system: inadequate early/delayed
responses, impairments of the skin including dimin-
ished sexual body hair

— hypertension, atherogenesis, thrombosis, and erectile
dysfunction

10 20 30 40 50 60 70 80 90
Age (years)
Jenapharm / LURIC Study

— reduced bone density and bone mass; elevated fracture
risk

— impaired glucose metabolism, metabolic syndrome,
visceral obesity

— catabolic metabolism; reduced muscle mass, muscle
strength, and working capacity; frailty

— reduced erythropoiesis

— CNS: cognitive impairment including troubles with
memory, anxiety, loss of libido and therefore de-
creased sexual activity, hot flushes, hypothalamic-
hypophyseal-adrenal axis dysregulation.

These clinical signs are typical of reduced androgenic/
anabolic actions and/or a relative glucocorticoid excess.
Therefore re-establishing the anabolic/catabolic hormonal
balance by hormone displacement (limited downregula-
tion of cortisol action) or by testosterone replacement
could be a rational approach. Whereas for the cortisol
displacement surprisingly little research activity has been
reported to date, great efforts are being made throughout
the world for to improve androgen therapy techniques in
older men.

At an age of 75 years, the mean total T level in the
morning is about 65-75% of the mean level measured at
age 20-30 years, whereas the mean free testosterone (FT)
and bioactive T (FT + albumin-bound T) are only 40% of
the mean levels measured in younger males. This de-
crease, initially observed in cross-sectional studies, has
now been confirmed by several longitudinal studies.
Nevertheless, there do exist wide interindividual varia-
tions and, whereas more than 30% of males over 70 years
old have subnormal (F)T levels using the criteria used for
young males, about 20% of men over 70 years old still
have levels in the upper third of normal values for males
aged 20-40 years. Moreover, the circadian rhythm of
plasma T levels, with higher levels in the morning than in
the evening, is generally lost in elderly men (Vermeulen
2003). With increasing age, the coordinated release of LH
from the pituitary and T from Leydig cells in the testicles
become asynchronous despite normal basal serum levels
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of these hormones. A comparison of LH and T concen-
trations shows significant and positive cross-correlations
between LH and T only in young men, with the T rise
lagging 60 min behind the rise in LH. In older men, less
pulsatile T and more LH are secreted at night than in
young men, with a disruption of the association between
T rhythm and REM sleep (Luboshitzky et al. 2003).
Additionally, there are also seasonal variations in T and
simultaneously in the waist-to-hip ratio in men (Svartberg
et al. 2003). On the other hand, chronic illnesses and their
sequelae may cause an accelerated and more pronounced
decline in androgen secretion (Turner and Wass 1997).

A causal, or at least a contributory, role of age-related,
reduced androgen secretion for catabolic disorders in
older men has been assumed (Vermeulen 2003). Figure 4
shows the most important clinical symptoms of androgen
deficiency in older men. The physiology and pathophys-
iology of age-related androgen deficiency in men have
been discussed in considerable detail in several recent
reviews and are therefore not included here (see Morales
et al. 2000; Carruthers 2001; De Lignieres 2002; Wilson
et al. 2002; Gooren 2003; Lamberts 2003; Morley and
Perry 2003b; Oettel et al. 2003; Tan and Culberson 2003;
Vance 2003; Vastag 2003; Vermeulen 2003; Yialamas
and Hayes 2003).

Diagnosing androgen deficiency in older men

The key message for diagnosing and treating androgen
deficits in aging males is that androgen therapy should
result in the improvement of symptomatology. A mere
replacement of reduced serum T levels makes no sense
and cannot be supported from a pharmacological point of
view. The combination of symptoms and a low bioavail-
able T level determine the diagnosis of age-related,
clinically relevant androgen deficiency. Androgen thera-
py is intended to improve the quality of life and, thus,
should not be continued if there is no symptomatic
improvement (Morley and Perry 2003a).

Reduced
hematopoiesis

Myocardial and
circulatory
disturbances

How is serum testosterone measured?

To start with, T secretion is not constant even over a short
period of life. In addition to the well-known circadian
rhythm of T in younger men, marked week-to-week
variations in T secretion exist and there is some evidence
supporting a circannual rhythm (Morley et al. 2002).
Testosterone secretion in men responds very quickly and
sensitively to environmental stimuli, to stress and strain,
and to joy and worry — either in a positive or a negative
direction (McCaul et al. 1992). If we compare this with
women’s more robust endocrine system, men are defi-
nitely “the weaker sex” — at least from an endocrinolog-
ical point of view.

Furthermore, the role of genetic background is very
important. In adolescent men, approximately 60% of the
variance in T levels is heritable (Harris et al. 1998). There
are also significant ethnic variations in total and free T
serum concentrations. Heald et al. (2003) found that T
levels were lower in Pakistani men than in Europeans or
African-Caribbeans.

Traditionally, T levels have been measured by radio-
immunoassay (RIA). The validity of this method is
dependent on the quality of the given antibodies. Tariq
(2003) measured T with 10 immunoassays and compared
the results with those obtained by isotope-dilution gas
chromatography—mass spectrometry (ID/GC-MS). The
used immunoassays underestimated T concentrations in
samples from men, giving mean results 12% below those
obtained by ID/GC-MS. On the other hand, when new
antibodies are introduced, normal ranges for serum T
should be confirmed by mass spectroscopy, the true gold
standard (Morley and Perry 2003a).

More important are the local T concentrations in the
tissues, and therefore the measurement of unbound or
free, penetrable T is recommended. Studies by Pardridge
and co-workers (Pardridge 1981; Manni et al. 1985)
already showed in the early 1980s that the tissue
availability of T correlated most closely with bioavailable
T in the serum, not as well with serum free T by dialysis,
and poorly with total or SHBG-bound T. In young men,



50-60% of T is SHBG bound, 1-2% is free, and 35-48%
is loosely bound to albumin. Free T can be measured by
dialysis or ultracentrifuge techniques. Both free and
albumin bound, the so-called bioavailable T can be
measured by ammonium sulfate precipitation of tritiated
T bound to SHBG. When in diagnosis either free T levels
or bioavailable T are used as a “gold standard”, total T
misclassifies between 35 and 45% of hypogonadal males
(Morley et al. 2002). In fact, the inexpensive determina-
tion of total testosterone and of SHBG would suffice and
then the bioavailable T could be calculated. Unfortunate-
ly, there is a variability of dissociation constant (Kp) with
aging (Morley and Perry 2003a). In addition different
antibodies to SHBG give varying normal values
(Bukowski et al. 2000). The reason is that SHBG exists
as two polypeptide chains covalently bound and multiple
dimeric forms circulating as variants of the two subunits
exist because of differing amounts and types of carbohy-
drate side-chains (Joseph 1994). Other factors can also
influence the SHBG estimation: saturated fatty acids
increase SHBG binding of T, whereas unsaturated fatty
acids inhibit binding (Street et al. 1989). Polymorphisms
of the SHBG gene are also known (Forsti et al. 2002).
Therefore it is not surprising that many groups throughout
the world are making great efforts to validate and
standardize clinically relevant methods of T determina-
tion in serum and to render them into binding guidelines.

A fascinating alternative would be T determination in
the saliva, because saliva can be obtained in a noninvasive
and inexpensive way. Salivary T represents an ultrafiltrate
of T from the circulation. While some metabolism of T
occurs in the salivary glands, it appears that salivary T
may correlate better with bioavailable T than does total T
in blood serum (Morley and Perry 2003b). It may even be
possible to use T measurement in the saliva as a good
screening test for hypogonadism in the future (Granger et
al. 1999; Van Honk et al. 1999; Ellison et al. 2002;
Krause et al. 2002; Shirtcliff et al. 2002).

Unfortunately, the determination of serum androgen
bioactivity using recombinant cell bioassays is at present
at a very early stage of development (Raivio et al. 2001,
2003).

Different pharmaceutical options
for testosterone therapy

Alternatives to direct testosterone replacement

In the human testis, LH acts primarily on Leydig cell T
production. The concentrations of LH reaching the
Leydig cells via testicular interstitial fluid (passing the
blood/testicular barrier) are only about one-tenth of that
measured in the circulation. This indicates a high sensi-
tivity of young Leydig cells to the LH stimulus for
producing T (Setchell et al. 2002). However, the total
testicular volume decreases in an age-related manner and
this involution is correlated with serum LH, indicating an
age-dependent decrease in the sensitivity of the Leydig
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Fig. 5 Serum LH and age in 1022 men (LURIC / Jenapharm Study)

cells to LH (Mahmoud et al. 2003). The decline in
testicular function appears to involve a combination of
primary and secondary hypogonadism. A gradual increase
in the serum concentration of LH indicates a degree of
primary hypogonadism. However, the findings that addi-
tionally the pulsatory LH secretion pattern (LH burst
amplitude) decreased with age and that this decrease was
the most prominent determinant of reduced T secretion
indicates also a degree of secondary hypogonadism
(Snyder 2001). As shown in Fig. 5, there was an age-
dependent increase in mean LH levels in 1,022 men,
suggesting that LH understimulation is not responsible for
age-associated changes in Leydig cell steroidogenesis.
The data we cite here (see Figs. 1 and 2) originate from
our cooperation with the LURIC study (Ludwigshafen
Risk and Cardiovascular Health Study), a joint project of
the Herzzentrum (Heart Center) in Ludwigshafen and the
Universitdtskliniken (Teaching Hospital) in Freiburg and
Ulm, Germany (Winkelmann et al. 2001; Oettel et al.
2003). Despite this increasing insensitivity of the Leydig
cells, it is possible to stimulate the endogenous T
biosynthesis in men at every period of their lives by
injecting LH or human chorionic gonadotropin (hCG).
The disadvantage is the high injection frequency (at least
twice weekly), because these glycoproteins are immedi-
ately destroyed in the stomach after oral dosage.
Generally, the steroidogenic capacity in aging Leydig
cells is markedly reduced. This has been explained by an
age-related reduction in the expression of a number of
genes relevant to testosterone biosynthesis (Zirkin and
Chen 2000; Luo et al. 2001; Paust et al. 2002). As well as
a quantitative reduction in T biosynthesis, there is also a
deflection of the direction of testicular steroidogenesis.
An example is the increased secretion of progesterone by
the aging rat Leydig cell (Gruenewald et al. 1992; El-
Hefnawy and Huhtaniemi 1999). The progesterone re-
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ceptor in the Leydig cell is located on the cell membrane,
indicating a nongenomic or nonclassical mode of proges-
terone action in this target (Rossato et al. 1999). Inter-
estingly enough, incubation of Leydig cells with proges-
terone inhibits the expression of the promoter for the LH-
receptor gene (El-Hefnawy and Huhtaniemi 1998). It
would now be logical to try to increase T secretion in
older men with an antiprogestin. However, there have
been no corresponding clinical studies to date.

Another approach to the stimulation of endogenous T
secretion is the administration of antiestrogens by the
inhibition of the negative feedback of endogenous estro-
gens on gonadotropin secretion. For example, older men
receiving the antiestrogens clomiphene citrate or tamox-
ifen do achieve higher T serum levels (Van Bergeijk and
Gooren 1986; Tenover et al. 1987; Guay et al. 1995).
However, while this approach reliably increases the
serum T levels in younger men, the effect is marginal in
older men (Myers et al. 1986). On the other hand, the
inhibition of the conversion of T to 178-estradiol with an
aromatase inhibitor also causes men’s serum T levels to
rise (Radlmaier et al. 1996). Even the dopaminergic
modulation of gonadotropin secretion by bromocriptine,
metoclopramide, or sulpiride given to men increases their
endogenous T secretion (Nakagawa et al. 1982; Molitch
et al. 1985). However, all these different approaches to
the stimulation of the endogenous T biosynthesis have
failed to become popular in clinical practice (which is
also apparent from the fact that most of the publications
on the subject are more than 10 years old).

What is still at an experimental stage is the endocrino-
logical metabolic arrest of Leydig cells. We know from
rat studies that the administration of contraceptive doses
of T, functioning through a negative feedback mechanism
on pituitary LH, suppresses endogenous LH and leads to a
temporary arrest of steroid biosynthesis in the Leydig
cells. Chen and Zirkin (1999) were able to show the
following in rats: when middle-aged Norway rats (13
months old) were treated with T for 8 months, the
previous level of T production was restored by the end of
the treatment. This means that the 23-month-old rats
showed the same serum T levels as young animals. Thus,
by placing the Leydig cells in a state of steroidogenic
“hibernation”, the reductions in T production that usually
accompany aging did not occur. If hormonal contracep-
tion in men functions in the same way, the adverse
consequences of reduced T in later life (osteoporosis,
reduced muscle mass, reduced libido, mood swings etc.)
might be delayed or prevented. However, whether this
very original approach is of clinical relevance remains to
be seen.

Taken together, no alternatives to T therapy can be
recognized at present, i.e., we still have to rely on T
replacement with natural T.

Different testosterone preparations
Oral testosterone

Orally administered pure T is rapidly absorbed from the
gastrointestinal tract into the portal blood, and then
degraded by the liver (first-pass effect) resulting in only a
minimal amount of T reaching the systemic circulation
(Byrne and Nieschlag 2003).

As early as in 1935, the scientific group headed by the
great chemist Ernst Laqueur found that the presence of
fatty acids or esterification was necessary to maintain the
biological activity of T (David et al. 1935). Since then,
the history of T has also been the history of the different T
esters. However, only unesterified T is biologically active
after the cleavage of the ester bond in the body.

T undecanoate bears a long aliphatic chain in the 173
position and is preferentially absorbed through the lym-
phatic system, thereby avoiding first-pass metabolism in
the liver and hepatotoxicity (Oettel 1994). Although
widely used for the treatment of male hypogonadism in
Europe, Canada, and Australia since the late 1970s, its
clinical use is limited by its short half-life requiring
multiple daily dosing, and by fluctuating serum levels
(Behre and Nieschlag 1998). As regards the pharmaco-
kinetic pattern of oral T undecanoate, there is a great
intraindividual as well as interindividual variability.
However, the pharmaceutical formulation has been im-
proved recently (Anawalt et al. 2002).

The alkylation of T at the 17a-position, for instance in
the case of 17a-methyltestosterone, reduces hepatic
metabolism, resulting in improved systemic concentra-
tions of T. However, a serious hepatotoxicity (hepatitis,
cholestasis, peliosis, benign and malignant hepatic tu-
mors) caused 17a-methyltestosterone to be withdrawn
from the market in Europe. Interestingly, the American
Food and Drug Administration (FDA) does not share the
toxicological concerns of the European authorities. The
alkylated androgen is on the market in the USA and is
even prescribed there (together with an estrogen) to
postmenopausal women.

If T is applied buccally or sublingually in a suitable
pharmaceutical formulation, the hepatic first-pass effect
can be avoided, since venous drainage from the mouth is
directly to the superior vena cava and not to the liver.
Corresponding developments, e.g., on the basis of a T
complex with hydroxypropyl-B-cyclodextrin (enhanced
solubility and sublingual absorption) or of bioadhesive
buccal tablets are in advanced clinical trials and will
undoubtedly broaden therapeutic options for oral T
therapy in the near future (Wang et al. 1996; Dobs et
al. 1998).

Intramuscular testosterone
Of all the known and commercially available fatty acid

esters of T (propionate, enanthate, cypionate/cyclopentyl-
propionate), T enanthate has so far been preferred because



of its relatively good pharmacokinetic pattern. This ester
(200250 mg) must be injected every 2-3 weeks for
replacement therapy of hypogonadism. The disadvantage
of all these intramuscular esters is that they initially
produce supraphysiological serum T levels which then
decline slowly to the hypogonadal range prior to the next
injection (Behre and Nieschlag 1998).

To avoid these disadvantages, an injection form with T
undecanoate was developed which is likely to be intro-
duced soon. This new pharmaceutical formulation re-
quires demonstrably fewer injections, resulting in stable T
levels within the normal range and avoiding both supra-
physiological and subphysiological serum T levels
(Hiibler et al. 2001; Von Eckardstein and Nieschlag
2002). However, in contrast to implants, the injection
interval is short enough for fast interruption of the therapy
when needed.

Subcutaneous implants

Subdermal pellet implantation was among the earliest
effective modalities employed for the clinical application
of T (Deansley and Parkes 1937) and T implants
had become an established form of androgen replace-
ment therapy by 1940. Physiological levels of T
can be achieved using subcutaneous T implants, with
3-6x200 mg pellets of unmodified T. These implants are
well tolerated and provide T replacement for 4-6 months.
Disadvantages include the need for a minor surgical
procedure and the cumbersome delivery system requiring
the use of a large trocar, leading to a small risk of
bleeding and infection. Extrusion of pellets occurs after
~8.5% of implant procedures (Handelsman 1998). The
major disadvantage of these preparations is the difficulty
in reversing T effects in the rare event that rapid
interruption of the therapy is required (e.g., in cases of
diagnosis of prostate cancer).

Transdermal testosterone

The transdermal delivery of T offers several benefits
compared with oral or intramuscular routes or implants
for T administration. Transdermal systems deliver daily
physiological doses of unmodified T that yield consistent
therapeutic serum T levels and mimic the circadian
rhythm of T production in eugonadal males. The hormone
delivered through the skin avoids the hepatic first-pass
metabolism and eliminates the potential problem of liver
toxicity. Transdermal systems can easily be self-admin-
istered, and dosing can be discontinued immediately by
stopping the administration.

The first system to come on to the market was a scrotal
patch. In recent years the availability of nongenital
patches has led to a decline in the use of scrotal
preparations. Unlike the widely used transdermal delivery
of 17-estradiol where only picogram amounts of the
drug need to penetrate through the skin, a patch for T
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requires that the steroid has to pass through the skin in the
milligram range, because up to 7 mg/day of T is needed in
the circulation for treating male hypogonadism. This
relatively large amount of steroid necessitates using
enhancers which improve the permeation through the
skin. This necessary pharmaceutical measure comes at the
price of local skin irritations occurring in ~30% of
subjects (Arver et al. 1997).

The latest development in androgen replacement
therapy is an open T delivery system using a hydroalco-
holic 1% T gel. Pharmacokinetic studies of this gel (50 or
100 mg) applied to hypogonadal men indicate that T
levels increase into the normal range within 30 min, with
steady state levels achieved by 48 h (Swerdloff et al.
2000). Hypogonadal men treated with this gel for
30 months had improved sexual function, increases in
lean body mass, muscle strength, bone mineral density,
and decreased fat mass (Wang et al. 2000, 2001, 2002).

When applied to the skin, gel dries rapidly, due to the
evaporation of the alcohol vehicle, and the steroid is
absorbed very fast into the stratum corneum of the skin,
which serves as a reservoir. As shown in the appropriate
safety studies, contamination of other people at home or
in the family, causing unwanted side-effects, remains
unlikely (Byrne and Nieschlag 2003).

Concluding remarks

Testosterone (T) therapy for the treatment of hypogonad-
ism in young men (see Table 1) is well established.
However, only a relatively small proportion of older
hypogonadal patients are currently receiving T treatment,
although hypogonadism in older men is very much in
public awareness at present. There are two reasons for
this: firstly, most attending physicians pay too little
attention to the possibility of hypodonadism, despite the
clinical symptoms of T deficiency being present. Sec-
ondly, the monitoring of T therapy (achieving physiolog-
ical serum T levels with a minimum of adverse effects
with the most convenient T administration form for the
patient) is often still suboptimal. In addition, there is a
controversy among scientists, as to whether or not the
long-term experiences gained so far are sufficient for a
comprehensive assessment of the toxicological risk
(Oettel 2003). It is important to recognize that the diag-
nosis of hypogonadism in older men should be made first
by identifying the presence of clinical symptoms using a
validated questionnaire. When symptoms are present, the
diagnosis is confirmed by measuring bioavailable T. A
total T measurement will fail to identify a large number of
hypogonadal men (Morley et al. 2002; Tariq 2003).

The type of hypogonadism found in older men is
usually a result of aging (Kenny et al. 2001), associated
with sarcopenia (Baumgartner et al. 1999; Van den Beld
et al. 2000; Iannuzzi-Sucich et al. 2002), reduced bone
mineral density (Christmas et al. 2002), memory distur-
bance (Morley et al. 1997), and functional decline (Perry
et al. 2000). It may also be a major factor in the
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pathogenesis of anorexia (Morley 2001). T therapy can
increase muscle mass (Shih et al. 1997) and — in some, but
not all, studies — muscle strength and cognition (Kenny et
al. 2002a; Cherrier et al. 2001; Wang et al. 2000).
Moreover, it has been shown that T replacement tends to
improve function in older men undergoing rehabilitation
(Bakhshi et al. 2000). All of these findings suggest that T
may play a major role in the pathogenesis of frailty in
older men, one of the most usual contributory factors to
the mortality of elderly people (Tariq 2003).The new
pharmaceutical formulations for T greatly facilitate the
monitoring and individualizing of therapy. An open
question is the influence of exogenous T on the cardio-
vascular system. Kenny et al. (2002b) showed that
transdermal T decreased HDL, cholesterol but did not
affect vascular reactivity in men older than 65 years
selected for low T serum levels. No study to date has
addressed the direct relationship between T replacement
and cardiovascular events.

In conclusion, there is a major need for advanced
education and training in the treatment of age-related
hypogonadism in men and, at the same time, for well-
designed clinical studies of a high quality.
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