The History of Testosterone and The Testes: 1
From Antiquity to Modern Times

Eberhard Nieschlag and Susan Nieschlag

“The Oldest Key to the Endocrine Treasure Trove: The Testicles”

With that phrase Victor C. Medvei [37], the master historian of endocrinology, high-
lights the role played by the testes in unravelling mankind’s knowledge of endocrine
functions. The testes, in their exposed position, are vulnerable and easily accessible
to manipulation including both accidental trauma and forceful removal. Loss of
virility and fertility are easily recognizable, not only by physicians but also by lay-
men, so that the results of lost testicular function have been known since antiquity
and long before the discovery of sperm and their function in the seventeenth and
eighteenth century, and long before testosterone, as the active agent, was isolated
and synthesized in the twentieth century.

This chapter describes how knowledge about androgenic functions of the testes
evolved, that detours and blind alleys that were taken toward the actual discovery of
testosterone and finally, how testosterone preparations have been developed for
clinical use. An earlier historical report can aid as a supplement to this chapter [45].

Effects of Testis Removal

In Greek mythology, Chronos (Saturn) castrated his father Uranos (Zeus) because
he did not allow him to procreate with his mother Gea, where upon Chronos’
testes fell into the sea, causing a gigantic foaming, from which Aphrodite (Venus)
was born, already indicating the magic powers attributed to the testes in ancient
times (depicted masterly by Giorgio Varsari [1511-1574] in a fresco in the Palazzo
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Vecchio, Florence). In hellenistic times (fourth to first century B.C.) the power
attributed to the testes is also reflected in the cult devoted to Diana Ephesina.
Seeking favors, good luck, health, and fertility, worshipers affixed the testes of
sacrificed bulls to wooden statutes of the goddess. In some places, effigies of the
so-decorated goddess were made of marble and colored. Some of these statutes
have survived to modern times as exhibited in the Archeological Museum of
Naples (Italy) (Fig. 1.1). It was clarified quite recently that the bull testes were
originally mistaken for supernumerary breasts as signs of the goddess of
fertility.

At the Chinese imperial court, documented since the Ming dynasty (1368-
1644), eunuchs were not only custodians of the harem, but they obtained high-
ranking political positions as exemplified by Admiral Zhéng Hé (1371-1435),
leader of seven large expeditions into countries around the Indian and Pacific
oceans, or Lin Yin (1451-1510), who is still considered among the richest people
in history. The last imperial eunuch, Sun Yaoting, died in 1996 at the age of 94.
Castration had previously been used to produce obedient slaves who are loyal to
their masters and rulers. Over the centuries in Islamic societies castrated slaves,
who were predominantly imported from Subsahara Africa as well as from Europe
and Asia, were the work force and constituted elite troops who were deployed in
wars of conquest.

Fig.1.1 Diana Ephesina
(= Artemis of Ephesus)
decorated with sacrificed
bulls’ testes (Roman
creation, 2nd century
BC— Archeological
Museum Naples)
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Castration has also been used as lawful punishment. In medieval Scandinavia
high treason was not subject to capital punishment but rather to castration combined
with blinding. This was adopted by the Normans who introduced this custom wher-
ever they ruled [70]. After the invasion of England in 1066, William the Conqueror
largely abolished the Anglo-Saxon death penalty and replaced it with castration and
blinding: “I also forbid that anyone shall be slain or hanged for any fault, but let his
eyes be put out and let him be castrated”.

For other, more benign purposes, castration was carried out prior to puberty in
young boys to maintain the high pitch so that soprano and alto voices resulted with
the acoustic volume an adult male. They were featured in operas of the seventeenth
and eighteenth centuries, such as those composed by Georg Friedrich Hindel
(1685—1779) or Nicola Porporra (1686—1768). Such voices could be heard until the
twentieth century in the Vatican choirs. Some of those castrated became famous
soloists, such as Carlo Farinelli (1705-1782) or Domenico Annibaldi (1705-1779).
The last castrato, Alessandro Moreschi, born in 1858, died in 1922 and left behind
the only recordings of the castrato voice as a collection of arias he sang in the
Vatican.

Surgeons in the Italian cities of Norcia and neighbouring Preci, secluded in the
Sibellini Mountains in Umbria, specialized on delicate operations including castra-
tion of young boys. Going back to the thirteenth century, 30 family dynasties
formed the Scuola Chirurgica di Preci [17] and monopolized the trade there, guar-
anteing utmost secrecy concerning this operation which had been forbidden by
church law under Pope Benedict IV (1675-1758) and reinforced by Pope Clement
XIV (1705-1774), although the Vatican itself was one of the foremost employers
of castrated singers. The operation, carried out without anesthesia and under
deplorable hygienic conditions, in all probability cost the lives of hundreds of
boys, however—if the procedure was successful —chances for a lucrative career
compensated for the risks. Because of their high-pitched voices, but with a signifi-
cantly larger volume than in women, castrati were in high demand for opera
performances.

The skills of the surgeons in Preci and Norcia have been adopted by local butch-
ers working on animal “models”, advertising for “agnello castrato” as their special-
ity (Fig. 1.2). The Scuola Chirurgica di Preci was also famous for other surgical
procedures such as cataract extraction, and the surgeons were in demand throughout
Europe. Cesare Scacchi (born 1555) was called to the English Court to operate on
Queen Elizabeth I in 1588, and successfully removed her opaque lenses. Modest
museums in the town hall of Preci and the San Eutizio Monastery nearby give a
flavor of this fascinating piece of medical history and exhibit some of the tools used
by the surgeons [21].

Those early castrates served in what can be considered a posthumous clinical
trial to test the hypothesis that testosterone shortens male life expectancy: a com-
parison of the lifespan of 50 sixteenth to nineteenth-century castrates with 50 con-
temporary intact singers demonstrated not only the stressful lives both these groups
of artists had to endure, but also revealed no difference in their life expectancy [51].
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Fig.1.2 A butcher’s shop
in the city of Norcia,
Umbria, Italy, advertising
for “Specialitd Agnello
Castrato” (castrated lamb)
(Photo taken in 2015)

SPECIALITA

AGNELLO
CASTRATO

In contrast, the lives of eunuchs at the imperial court of the Korean Chosun Dynasty
(1392-1910) showed a longer lifespan for the eunuchs than for normal men at the
time [39]. However, the Korean eunuchs were castrated as adults and spent their life
in a well-protected environment shielded from the hostile outside world. In addi-
tion, the time point of the loss of the testes in the castrati singers and the Korean
eunuchs may also account for the difference.

Lessons from Experimental Testis Transplantation

While removal of endocrine glands is one basic concept of experimental endocri-
nology, replacing the glands is the other. As a surgeon in the Seven Years’ War
(1756-1763), John Hunter (1728-1793) saw the need for transplantation of organs
and limbs. This stimulated his experiments of transplanting testes from cocks to
hens, thereby demonstrating the “vital principle” of living organs. Far from any
endocrine belief, his goal was to demonstrate the survival of the transplant resulting
from nerve growth, with the intention of replacing limbs and organs in wounded
soldiers. Thus Hunter, among many other achievements, can be considered as one
of the fathers of modern transplant surgery.
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Fig.1.3 Arnold Adolph
Berthold (1803-1861),
“father of endocrinology”,
as depicted on the Berthold
Medal, the highest
decoration for
achievements in
endocrinology a warded by
the German Society of
Endocrinology

At the University of Gottingen Arnold Adolph Berthold (1803-1861)
(Fig. 1.3) also used chickens as an experimental model. In 1849 he observed and
published that testes transplanted from roosters to capons restored androgenic
functions: “[The transplanted capons] crowed quite considerably, often fought
among themselves and with other young roosters and showed a normal inclina-
tion to hens.” He concluded that these effects “must be affected through the
productive relationship of the testes, that is to say, through their action on the
blood, and then through the suitable ensuing action of the blood on the organism
as a whole” [10]. He was thus the first to postulate a humoral effect of the testes
(and of an endocrine gland in general) on distant organs. At the same time,
Franz Leydig (1821-1908), at the University of Wiirzburg, described the inter-
stitial Leydig cells in the testes in many species, without, however, knowing
their real function and importance [34].

It would take another 50 years until an endocrine function was clearly attributed
to the Leydig cells, when Ancel and Bouin [1] summarized their conclusions from
extensive experimentation as follows: “In numerous previous studies we have
assembled a group of morphological, physiological and chemical facts that, taken
together, allow us to formulate the following hypothesis: that the general action of
the testes on the organism, ascribed in the past to the testes as a whole, is actually
due to the interstitial gland” (translated by [14]). They did not (yet) use the terms
“hormone” or hormone action which would have been appropriate for their find-
ings, as this term was coined and first published only a year later by Ernest Starling
[65] in London.

Berthold’s experiments were initially not accepted by the scientific commu-
nity —including his own department director Rudolf Wagner (1805-1864)—
until Moritz Nussbaum at the University of Bonn in 1908 [54] and A. Pézard in
Paris in 1910 [56] repeated and confirmed Berthold’s results using frogs and
chickens, respectively.
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Erroneous Conclusions from Berthold’s Experiments

Possibly prompted by these findings, surgeons turned to testes transplantation as a
means to treat hypogonadism and bring about rejuvenation and therapy for all types of
disorders. George Frank Lydston (1858—1923) at Cook County Hospital in Chicago was
one of the first to perform human testicular transplantation from accident victims to
recipients [36]. Also in Chicago, Victor D. Lespinase (1878—1946) published his experi-
ence with transplanting human testes from donors to patients for rejuvenation [33] and
Leo Stanley (1886—1976), at the California State Prison San Quentin, reported 20 cases
of transplantation of testes from executed prisoners to other inmates who reported signs
of revitalization. Stanley later turned to rams as sources for his testicular grafts and
reported satisfaction on the part of the patients, which included 13 physicians [63, 64].

John Romulus Brinkly (1885-1942), a half-educated medic, turned goat testis
transplantation in his clinic in Milford, Kansas, into a booming business between 1918
and 1930. However, in 1939 he was found guilty by a Texas judge of acting as a char-
latan and quack, thus unleashing a series of lawsuits demanding millions of dollars as
compensation. Brinkly declared bankruptcy and died of a heart attack soon thereafter.

In Vienna, Eugen Steinach (1861-1944) performed vasoligation for rejuvenation
[66]. One of his followers, Serge Voronoff (1866—1951) turned to xenotransplanta-
tion and used monkey testes to be transplanted for rejuvenation [73]. He first offered
the surgery in Paris, but after several scandals, continued his questionable opera-
tions in Algiers, where he was visited by patients from all over the world. Voronoff’s
followers xenotransplanted animal testes and pieces thereof to patients demanding
rejuvenation in many countries of the world. When unrest among the medical pro-
fession grew regarding this quackery, the Royal Society of Medicine (London) sent
an international committee to Voronoff in Algiers in 1927. The committee con-
cluded their investigations by declaring Voronoff’s claims as unsubstantiated.

Those scandals and the hope that steroid biochemistry would ultimately lead to the
discovery and synthesis of the male sex hormone, following that of female sex hor-
mones, finally terminated the questionable business of testes transplantation. However,
before the chapter of modern testosterone biochemistry and pharmacology can be
opened, another century-long medical misapprehension must be discussed.

Testes for Organotherapy

Knowledge of the powerful function of the testes in the normal male organism
induced patients and healers to turn to the ingestion of these organs in various modal-
ities over the centuries. In Rome, Gaius Plinius Secundus (23-79) prescribed the
consumption of animal testes for the treatment of symptoms of hypogonadism and
impotence. For the same purpose in Baghdad, the Arabic physician Mesue the Elder
(777-837) recommended testis extracts. Additionally, in Chinese medicine—at least
since 1132—Hsue Shu-Wei prescribed raw and desiccated animal testes. The
“Universal Doctor” and founder of the University of Cologne, Albertus Magnus
(1192-1280), concerned with the taste of his prescription, recommended powdered
hog testes in wine as an alternate method of consumption [37].
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Charles-Edouard Brown-Séquard (1847-1894), the well-known scientist and
member of several high-ranking learned societies, gave organotherapy a new dimen-
sion when, at the age of 72, he published the results of his dubious self-experimentation
in the Lancet [11]. He self-injected a mixture of testicular vein blood, semen and juice
extracted from dog or guinea-pig testes and observed signs of rejuvenation, which, at
best, must have been placebo effects, because the testes synthesize testosterone, but
do not store it (as e.g. the thyroid does with its hormones), and the amount adminis-
tered was minute [18]. However, “extracts of animal organs by the Brown-Séquard
method” were immediately sold worldwide and factories sprang up in Europe as well
as in the United States. This elixir soon became not only the source of high revenues,
but also the object of ridicule in comics and songs as demonstrated by “The greatest
comic song of the day” (words and music by J. Winchell Forbes, 1889)

“Undertakers, wigmakers, and gravediggers swear,
Till the air with their curses is blue.
At the man who invented Elixir Séquard,
And left them with nothing to do.
And even the doctors are rattled at last,
For when their best patients are sick, sir,
They just step around to the corner drug store,
And “shake” for a dose of “Elixir”.

The elixirs were consumed by everyday patients as well as celebrities and were
even used for doping in sports, as exemplified by Pud Galvin (1856-1902). The
American National Association baseball pitcher was the first Major League
300-game-winner (elected to the Baseball Hall of Fame in 1965) who attributed his
final successes to the Brown-Séquard elixir.

The craze for these products caused concern about the overall image of the rela-
tively new field of endocrinology. Harvey W. Cushing (1869-1939), a famous neu-
rosurgeon, went so far as to discuss “endocriminology” in the context of this
organotherapy. Nevertheless, many companies worldwide continued to manufacture
extracts and pills, well into the period of time when genuine testosterone was
already long on the market. It was not until 1961 that Ciba (Switzerland) withdrew
Androstin® (= “biologically titrated full extract from male gonads” for oral and
parenteral use) from the market, after three decades of successful sales for the treat-
ment of “male gonadal insufficiency, impotence, infantilism, premature aging and
endocrine obesity” [58].

Isolation and Synthesis of Testosterone

The pharmaceutical industry, finally reacting to the hype generated by testicular trans-
plantation and organotherapy, started cooperating with academic research to rehabili-
tate endocrinology and replace organotherapy with proper hormone substitution. In
1935, the era of testosterone emerging as a biochemical and marketable entity, Ciba
(Switzerland) and Schering (Germany), pharmaceutical companies both active in the
field, began a cooperative effort to inform each other about progress and forced their
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academic protagonists Leopold Ruzicka (1887-1976) at the Technical University of
Ziirich and Adolf Butenandt (1903—1995) at the University of Gottingen, to exchange
their respective advances, to which the former rivals reluctantly agreed. In 1937 the
Ciba-Schering cooperation was extended to include Boehringer (Germany), Chimio
Roussel (France), and Organon (The Netherlands) to form a syndicate to share know-
ledge, to stake their market claims worldwide, and to agree on product pricing [58].

Important steps in the isolation of testosterone were the development of biological
tests for androgen activity. Loewe and Voss [35] described androgenic activity in urine
and developed the Loewe-Voss-Test for measuring androgenic activity. Moore et al.
[40] refined and standardized the capon comb test as the unity of androgenicity. That
biological test helped to resolve the question of whether only one or several andro-
genic steroids existed and, if more than one— which might be the more potent.

In 1931 Adolf Butenandt isolated the androgenic steroid androsterone (androstan-
3a-ol-17-one) from 15,000 1 of urine provided by young policemen from Berlin and
then processed by Schering to obtain 15 mg of this first androgen [12]. In 1935 Ernst
Laqueur (1866-1947) and his group at Organon and the University of Amsterdam
extracted and isolated 10 mg of testosterone (17f-hydroxy-4-androstene-3one) from
100 kg of bull testes and found to be more active than androsterone in biological tests
[19]. They called the hormone “testosterone”. In the same year Butenandt and Hanisch
[13] in Gottingen, (Fig. 1.4) as well as Ruzicka and Wettstein [60] in Zurich/Basel
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Fig. 1.4 The synthesis of testosterone from dehydroandrosterone as described and shown by
Butenandt and Hanisch in their original paper in 1935 [13]
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Fig.1.5 Degradative synthesis of testosterone (43) and 17a-methyltestosterone (45) as described
by Ruzicka and Wettstein in 1935. Interestingly, in his autobiography Ruzicka [59] considered the
synthesis of 17a-methyltestosterone as “a greater intellectual achievement” than that of
testosterone

(Fig. 1.5), released the chemical synthesis of testosterone, marking the beginning of
modern clinical pharmacology of testosterone and male reproductive physiology.

The close cooperation of the researchers reinforced by the two pharmaceutical
companies may explain why these discoveries were released at approximately the
same time. Marius Tausk, one of the former heads of research at Organon who knew
the competing protagonists personally, very vividly describes the race to testosterone
isolation and synthesis and how the key respective papers were submitted for publi-
cation in short sequence in 1935 [68]. In 1939, Butenandt and Laqueur jointly
received the Nobel Prize for chemistry, Butenandt “for his work on sex hormones”
(estrogen, progesterone, and androsterone) and Ruzicka “for his work on polymeth-
ylenes and higher terpens”, guiding him to the androgens. Why Laqueur’s contribu-
tion was not recognized remains unclear. The Nazi regime prevented Butenandt from
accepting the Nobel Prize and he received it only after the end of World War II.

The research work was financially rewarding beyond scientific recognition, as
Ruzicka wrote in autobiographical notes: “The patents for the degradative synthesis
of testosterone and methyltestosterone earned me during subsequent years an enor-
mous (compared with my professorial standard) amount of money as royalties from
Ciba in Basel and Ciba in the USA.” [59]. During 1939 alone, Ciba transferred
56,744 Swiss Francs to Ruzicka as royalties [58]. Part of this money was invested
in a collection of seventeenth century Flemish and Dutch paintings that Ruzicka
donated to the Kunsthalle Ziirich in 1947 [59].
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However, while this pioneering work was well recognized in science and by
pharmaceutical companies, clinicians were skeptical about whether the early prepa-
rations of testosterone would contain enough of the hormone to produce any bio-
logical and clinical effects, as documented in a textbook of endocrinology at the
time: “The number of testis hormone preparations is still very low. Comprehensive
clinical investigations are not yet available, determining the doses for human ther-
apy. It is therefore unknown whether the available preparations can be administered
in sufficient concentrations” [31]. Their skepticism was soon to be defeated by the
chemists’ continued efforts and skills.

Evolution of Testosterone Preparations for Clinical Use

Soon after its synthesis it became clear that in reasonable doses, testosterone was
not effective orally or—as we know today —would require extremely high doses
that were simply not available or were too expensive. We currently know that the
lack of oral effectiveness is a result of the inactivation of testosterone by the first-
pass effects in the liver (Fig. 1.6) [48, 50]. Three approaches were used to overcome
this problem:
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Fig.1.6 Serum testosterone levels in normal volunteers after ingestion of either 65 mg crystalline

testosterone (lower lines) or 100 mg testosterone undecanoate capsules (equivalent testosterone
doses) (adapted from [48])
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1. Chemical modification of the steroid molecule,
2. Parenteral application, and
3. Esterification in position 17f of the testosterone molecule.

For a complete description of the many testosterone preparations and routes of
administration, the reader is referred to reviews by Nieschlag and Behre [43] and
Behre and Nieschlag [5] and to respective chapters in this text.

As early as 1935, the year when testosterone was first isolated and synthesized,
Ruzicka et al. [61] also synthesised 17o-methyl-testosterone (Fig. 1.5). Its oral
effectiveness was demonstrated and it was soon licensed for clinical use and was
well accepted because of the ease of oral application [22]. However, liver toxicity
because of the 17a-structure of this molecule soon became evident, particularly
with long-term use and at higher doses [79]. It further became clear that the toxic
effect would be shared by all 17«-substituted androgens [46], thus giving testoster-
one in general a bad name among physicians. In the 1980s, however, 17a-methyl-
testosterone became obsolete for clinical use—at least in Europe, when another
orally effective preparation free of toxic side effects became available (see below).

As testosterone proved to be orally ineffective, parenteral routes were explored.
Subdermal testosterone pellet implants were the first to be investigated [20] and
pellets are still in use today [5]. They were manufactured by Organon (The
Netherlands) until 2007, when the company was taken over by Schering Plough
(USA) and then until 2009 when Schering Plough was bought by Merck, Sharp &
Dohme/MSD (USA). Their application requires a small surgical procedure and har-
bors the risk of infection and extrusion. However, if enough pellets are implanted
they may provide substitution for upto six months. The pellets are predominantly
currently used in Australia.

Other parenteral routes were tested in the course of the steroid’s existence during
which testosterone suppositories were marketed by Ferring [23], but yielded rather
unpredictable serum levels [49] and are no longer commercially available. The most
recent development in this area is bioadhesive buccal testosterone tablets, placed on
the gingiva and resulting in effective serum levels if applied twice daily [76]. However,
because of low patient compliance they have never penetrated the market.

When injected, testosterone has an extremely short half-life of only 10 min and as
such is not suitable for substitution. Therefore, the third possibility for making tes-
tosterone clinically effective is esterification at the 17p-hydroxy-group of the mole-
cule, making it suitable for intramuscular injection. Testosterone propionate was
the first of these esters marketed by Ciba as Perandren® and by Schering as Proviron®
in 1936. However, this ester has a short half-life and effective serum levels are
reached for only 1-2 days. When mesterolone (1o-methyl-5a-androstan-17fol-one)
became available, Schering used the then well-established name Proviron® for this
new oral preparation [24, 41] and continued to market testosterone proprionate as
Testoviron®. Because mesterolone is not aromatizable it has little effect on gonado-
tropins, bones, and other estrogen-dependent functions and could not be used for full
substitution of hypogonadism, but was mainly utilized for male infertility treat-
ment— without evidence-based proof of its effectiveness for that indication [28].
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Following the propionate ester, testosterone enanthate was synthesised by
Junkmann [26, 27] at Schering and marketed as intramuscular Testoviron® Depot
injection in 250 mg doses, providing substitution for 2-3 weeks [49]. However, the
pharmacokinetics are characterized by transient supraphysiological peaks for a few
days, followed by slow decline to levels below the lower limit of normal. Although
patients do not appreciate the up and down mood swings and libido between injec-
tions, this remained the major testosterone preparation for substitution of hypogo-
nadism for half a century.

In the late 1950s and 1960s, instead of improving modes of application, the phar-
maceutical industry became more interested in the chemical modification of the
testosterone molecule in order to disentangle its various effects and produced pre-
dominantly erythropoietic or anabolic androgenic steroids (AAS). Although hun-
dreds of androgens were synthesised, it proved impossible to produce androgens
with only one desired effect out of the wide spectrum of testosterone activities.
Nevertheless, while some AAS were applied clinically, they disappeared again in
the wake of evidence-based medicine. They did, however, retain a shadow existence
for doping in sports and bodybuilding, potentially causing considerable undesired
effects [46, 47]. Regrettably, at that time the pharmaceutical industry ignored the
needs of hypogonadal patients, as pharmacokinetic studies had revealed that the
existing testosterone preparations resulted in unphysiologically high or low serum
levels, not desirable for substitution purposes so that the World Health Organization
(WHO) made an appeal for more physiologic modalities of substitution [80].

Unfortunately, the pharmaceutical industry also turned a blind eye on another
potentially huge application of testosterone: hormonal male contraception. In the
1970s the WHO Human Reproduction Program and the Population Council of the
Rockefeller Foundation had identified male contraception as an unmet need for fam-
ily planning and as a means against global overpopulation. Hormonal male contracep-
tion, a combination of testosterone and a progestin, was at that time —and remains so
to date —the most likely candidate for general use. However, the existing testosterone
preparations required too frequent applications (for review of clinical trials see [42]).
To overcome this deficiency both organizations started programs in search of long-
acting testosterone preparations. Under the auspices of the WHO, testosterone buci-
clate was synthesised [16] and identified as a long-acting preparation, well suited for
male contraception—and by the same token, also for substitution [7]. However, no
pharmaceutical company could be inspired to further develop this promising prepara-
tion [74], so in its ensuing clinical trials for male contraception, the WHO switched to
intramuscular testosterone undecanoate as described below [8].

Meanwhile, the Population Council had turned to 7a--methyl-19-nortestosterone
(MENT) as its preferred androgen for male contraception. This androgen might
have the advantage of lacking conversion to DHT (dihydrotestosterone) and thereby
have little effect on the prostate. Because MENT has a short half-life, it was admin-
istered in subdermal silastic implants, delivering the active substance for a year—or
perhaps even longer—thus being well suited for contraception in addition to substi-
tution ([53, 67, 72]). However, the company, although interested in further clinical
research with this androgen, dropped its plans in the wake of being taken over by
another company not interested in continuing the research.
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In the late 1970s the orally effective testosterone undecanoate, absorbed from
the gut via the lymph to avoid the first-pass effect in the liver (Fig. 1.6) [15, 25], had
been added to the spectrum of testosterone preparations available for replacement
therapy. Peter Kicovic, in charge of clinical development at Organon at the time,
approached the senior author for first clinical trials with the new substance as he had
developed a radioimmunoassay for testosterone and was able to measure testoster-
one levels in small serum volumes lending themselves to pharmacokinetic studies
[44]. Because the assay and the testosterone-antiserum produced for the assay [69]
were widely used and quoted, both papers became citation classics in 1982. While
initial clinical testing revealed that oral testosterone undecanoate was best absorbed
with food, the testosterone peaks were short-lived so that 3—4 capsules had to be
taken during the day [48, 62]. Oral testosterone undecanoate was introduced to the
market worldwide (except in the USA) in the late 1970s under the brand name
Andriol®. More recently, an oral self-emulsifying delivery system for testosterone
undecanoate has shown better pharmacokinetics than testosterone undecanote in
arachis oil [81] and as such, may become acceptable to the FDA.

In the mid-1990s, transdermal testosterone films applied to the scrotal skin
became the first transdermal testosterone preparation in clinical use. Invented by
Virgil Place (1924-2012) at ALZA in Palo Alto, California and first tested in clini-
cal trials in Miinster [3, 4, 57], they showed excellent pharmacokinetic and clinical
results and, for the first time, physiological testosterone serum levels could be
achieved (Fig. 1.7). Patients were satisfied with this physiological pharmacokinetic
profile, as long-term substitution revealed [2, 9]. However, physicians were
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Fig.1.7 First clinical trial of transdermal testosterone: serum testosterone values in seven hypo-
gonadal men following the scrotal application of a transdermal testosterone film (adapted from [3])
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Fig.1.8 Chinese
advertisement for “injectio
testosteroni undecanoatis”
as exhibited at an
andrology workshop in
Beijing in 1993. In the
Chinese preparation
testosterone undecanoate
was dissolved in tea seed
oil, but showed even more
favorable pharmacokinetic
properties when dissolved
in castor oil
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reluctant to prescribe a medication to be applied to the scrotum, preferring a subse-
quently developed non-scrotal testosterone system, Androderm® [38]. That, how-
ever, caused unpleasant skin reactions because it required an enhancer to drive
testosterone through the skin. For that reason the advent of the first transdermal
testosterone gel in 2000 was welcomed for substitution [75]. Of the various gels
available currently, the one with the highest testosterone concentration (2.5%
Testotop®) can be washed off the skin shortly after application, thereby reducing the
danger of contaminating children or women. It has also been tested for scrotal appli-
cation. Because of the high absorptive capacity of scrotal skin, only 20 % of the gel
needed for non-scrotal application is required, making this form of application eco-
nomically and ecologically desirable [32].

Finally, in 2004, the intramuscular testosterone undecanoate preparation
entered the market and soon achieved great popularity as a real depot preparation.
Testosterone undecanoate, originally used in oral capsules, as mentioned previ-
ously, had been turned into an injectable preparation by Chinese investigators using
tea seed oil as a vehicle [77]. When the authors came across it at a meeting in Bejing
in 1993 (Fig. 1.8), samples were brought to Germany, injected into monkeys and
showed a surprisingly long half-life [55]. In a further study in monkeys, the kinetics
and biological effects of intramuscular testosterone undecanoate were compared
with those of testosterone enanthate and with testosterone buciclate, a preparation
duly synthesized under WHO auspices primarily for male contraceptive purposes as
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discussed above, further demonstrating the superior properties of intramuscular tes-
tosterone undecanoate [78]. The long half-life and serum levels, consistently in the
physiological range, could be confirmed in volunteering hypogonadal men who all
showed serum levels in the normal range for several weeks [6]. Several pharmaceu-
tical companies were contacted for further development of the preparation, how-
ever, although all were convinced of the excellent pharmacokinetic properties, none
were interested in taking it on board, probably disregarding its potential because
male hypogonadism was too small an indication for a financial commitment, and
the aging male had not yet been “discovered”. When Jenapharm became interested
in this fascinating preparation, tea seed oil was replaced by castor oil as a vehicle
and the injection intervals could be extended to 12 weeks of physiological serum
testosterone levels [6, 9, 52, 71].

Meanwhile, the new testosterone preparation had also been tested in trials for
hormonal male contraception and had proved to be effective in combination with
norethisterone enanthate [29, 30]. Our 10-year experience with intramuscular tes-
tosterone undecanoate has been summarized [82] and has demonstrated that the
CAG repeat polymorphism in exon 1 of the androgen receptor influences the phar-
macokinetic and biological effects of testosterone and may thus provide a clue to a
personalized administration of testosterone.

In 2004, intramuscular testosterone undecanoate was first licensed in Germany
under the trade name of Nebido® and licensing in over 100 countries followed either
under this brand name or as Reandron®. The latest approval came from the FDA in
2014, licensing ampules of 750 mg testosterone undecanoate under the brand name
Aveed® for the treatment of hypogonadism in the USA.
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