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Abstract Testosterone replacement treatment is usually
life-long. Fortunately, testosterone administration is
relatively safe and until the age of 50 years few side
eﬀects are noted with normal doses of testosterone.
After the age of 50 years when prostate disease becomes
more prevalent, shorter-acting testosterone preparations, allowing a fast reduction of circulating testosterone levels, may be an advantage. Testosterone has an
impact on sexual and non-sexual behaviour and shortacting testosterone preparations may be better suited for
the initiation of long-term administration allowing the
monitoring of behavioural eﬀects. Testosterone can be
delivered to the circulation through the intact skin,
both genital and non-genital. Transdermal administration delivers testosterone at a controlled rate into
the systemic circulation, avoiding hepatic ﬁrst pass
and reproducing the diurnal rhythm of testosterone
secretion and without the peak and trough levels
observed with the use of the traditional long-acting
testosterone injections. In conclusion, both the testosterone patch and testosterone gel are valuable contributions to androgen replacement treatment meeting the
requirements speciﬁed for testosterone replacement
treatment.

typically age-related. Over the age of 50 years prostate
disease, an androgen-related condition, becomes more
common. While long-acting testosterone preparations
oﬀer great advantages in terms of convenience and
compliance for younger patients, in elderly patients it
is desirable that testosterone administration can be
discontinued within a short period of time. Furthermore, the idiosyncratic behavioural reactions to testosterone administration are not predictable, and
therefore, it may be advisable to start testosterone
administration with a short-acting preparation. When
no adverse behavioural eﬀects occur, the patient can
be shifted to a long-acting preparation. Transdermal
testosterone preparations are well suited for the above
purposes since plasma testosterone levels decline to
pretreatment values over 24–72 h.
Testosterone can be delivered to the circulation
through the intact skin, both genital and non-genital
[4]. Transdermal administration delivers testosterone at
a controlled rate into the systemic circulation, avoiding
hepatic ﬁrst pass and reproducing the diurnal rhythm
of testosterone secretion and without the peak and
trough levels observed in long-acting testosterone
injections.
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Scrotal testosterone patch

Hypogonadism occurs in all age ranges. Serious
complications of androgen treatment are rare and are
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The initial patches were ﬁrst designed to deliver testosterone through the scrotal skin, where the permeability
is ﬁve times greater than for other skin sites. It required
weekly scrotal shaving and was diﬃcult for some patients to apply and maintain in position for 24 h (for
review see Atkinson et al. [2]).
The transdermal scrotal patch (60 mm in diameter,
Testoderm, Alza) is a thin ﬁlm containing 10–15 mg of
unmodiﬁed testosterone and delivers 4–6 mg testosterone per day to the circulation. Patients using the transscrotal testosterone delivery experience signiﬁcant
improvements in sexual function, sense of well being,
mood and energy. The patch is worn for 22–24 h, and
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the scrotum must be hair free for proper adhesion. After
application plasma testosterone levels rise to a maximum 2–4 h later and remain within the midnormal
range for the next 22–24 h. After removal plasma testosterone levels fall very rapidly. A study in 11 hypogonadal men for 7–10 years showed that plasma
testosterone levels remained within the normal range for
the full treatment period [3].
Prostate volumes slightly increased but did not exceed the size in a comparison group. Likewise, prostate speciﬁc antigen (PSA) levels increased but
remained within the normal range. The pharmacokinetic proﬁle met speciﬁcations as formulated in the
World Health Organisations (WHO) requirements of
testosterone substitution. Transdermal scrotal testosterone administration is associated with high levels of
5a-dihydrotestosterone (DHT) as a result of high
concentrations of 5a-reductase in the scrotal skin [2].
While non-physiological, the elevation of plasma DHT
has probably little pathophysiological signiﬁcance.
Long-term use of DHT as androgen replacement
treatment has no signiﬁcant side eﬀects [5, 13]. The
patch may be irritating, and the use is not feasible if
the scrotal surface is not adequate, which is sometimes
the case in hypogonadal men. To overcome these
limitations, non-scrotal skin patches have been developed (Fig. 1).
Fig. 1 Serum testosterone
concentrations in diﬀerent
transdermal forms of
application

Non-scrotal testosterone patch
These patches (Androderm, Watsons) have a reservoir
containing testosterone with a permeation-enhancing
vehicle and gelling agents [10]. Patches that deliver
natural testosterone in the amounts of 5 mg/day [2.5 mg
for teenagers and 7.5 mg for men with a body mass index (BMI) far above average] are applied at night on
rotating sites on the back, abdomen, upper arms and
thighs. The cumulative transfer from the patch to the
circulation was 5.48±2.48 mg with 60% delivered during the ﬁrst 12 h. The delivery system produces serum
testosterone levels with a normal diurnal variation and
normal plasma levels of DHT and 17b-oestradiol (E2)
[9]. Improvements have been reported in sexual function, libido, energy level and mood [1, 10].
The most common adverse eﬀects are local skin
reactions. Fifty percent of men participating in a clinical
trial reported transient, mild to moderate erythema at
some time during therapy [9]. Generalised allergic dermatitis requiring discontinuation of therapy occurred
occasionally. Burn-like blister reactions occurred in 12%
of the men [7].
However, most of these reactions were associated
with application of the patch over a bony prominence or
on parts of the body that could have been subject to
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prolonged pressure during sleep or sitting. Pre-treatment
of the application site with triamcinolone acetonide
cream decreases the skin reactions [19]. Clinical eﬃcacy
was as good as with conventional testosterone ester
injections.
With regard to drug safety of the testosterone transdermal system, values of PSA and prostate volume [assessed by transrectal ultra sound (TRUS)] increased. As
can be expected, when plasma testosterone levels are
normalised prostate functions become normal, but both
prostate size and PSA values remained within normal
ranges. No clinically signiﬁcant changes in lipids or
results of serum chemistry studies were observed [1, 9].

Testosterone gel
Testosterone gel has been introduced for replacement
therapy. Testosterone gel is hydro-alcoholic, 1% (10 mg
testosterone per gram gel) and administered in a dose of
between 5 and 10 g of gel per day, amounting to 50 and
100 mg testosterone per day. The pharmacokinetics of
testosterone gel have been extensively studied. Serum
testosterone levels rose 2–3 fold 2 h after application
and rose further to 4–5-fold after 24 h. Thereafter, serum testosterone remained steadily in the upper range of
normal and returned to baseline within 4 days after
termination of application of testosterone gel. Mean
DHT levels followed the same pattern as testosterone
and were at or slightly above the normal adult male
range. Serum E2 levels rose and followed the same patterns as testosterone. The application of the testosterone
gel at one site or four sites did not have a substantial
impact on the pharmacokinetic proﬁle [16].
Later studies showed that 9–14% of the testosterone
administered is bioavailable. Steady state testosterone
levels are achieved 48–72 h after the ﬁrst application.
Serum testosterone and free testosterone are similar on
days 30, 90 and 180 after start of the administration, so
there is no increase in metabolism over time. Serum
luteinizing hormone (LH) and follicle-stimulating hormone (FSH) were suppressed proportionally to the levels of serum testosterone. Only with 100 mg testosterone
gel was a suppression of sex hormone binding globulin
(SHBG) noted, but not with the 50-mg dose. The formulation of the testosterone gel allows easy dose
adjustments (50–75–100 mg testosterone gel) [15].
The clinical eﬃcacy of transdermal testosterone gel
on various androgen-dependent target organ systems
has been very well documented. The safety proﬁle
showed that PSA levels rose in proportion to the increase of testosterone levels, but did not exceed normal
values. Skin irritation was noted in 5.5% of patients in
the study [17, 18]. Later studies with a 2.5% testosterone
gel showed that 5 g of this gel achieved physiological
serum testosterone levels in men whose endogenous
testosterone production was pharmacologically suppressed with luteinizing hormone-releasing hormone
(LHRH) agonists. These levels were reached after

approximately 10 days. Serum DHT and E2 did not
exceed normal levels. Remarkably, washing of the site of
application 10 min after application of the gel did not
aﬀect pharmacokinetic proﬁles [12]. The same authors
could establish that washing of the site of application
reduced the amount of testosterone that could be
recovered from the site of application. Transfer from
one person to another was found to be insigniﬁcant. No
increase of serum testosterone was found after intense
rubbing of skins with persons whose endogenous
testosterone levels had been suppressed [12].
The commercially available testosterone gel is AndroGel (manufactured by Besins-Iscovesco, Paris; supplied in the U.S.A. by Unimed Pharmaceuticals, Inc.,
Buﬀalo Grove, Ill.). Recently, a new testosterone gel
preparation has been developed: Testim (Auxilium
Pharmaceuticals Inc, Norristown, Pa.). Its clinical eﬃcacy was recently demonstrated [14]. Similar to Androgel, Testim is a 1% testosterone gel. One study claims
that in 29 hypogonadal subjects receiving 50 mg testosterone of the new testosterone gel (Testim), the maximal
concentrations of testosterone, DHT and free testosterone were respectively 30, 19 and 38% greater than with a
similar dose of Androgel. Similarly, the areas under the
curves (0–24 for total testosterone, DHT and free testosterone were respectively 30, 11 and 47% larger with
Testim than with Androgel [6]. In a clinical study the
mean increase after 90 days of Testim administration
were 12.41 nmol/l testosterone with the 100 mg testosterone gel and 6.54 nmol/l for the 50 mg testosterone
gel. A positive eﬀect was noted on mood and libido and
erections. Lean body mass increased and fat mass decreased with both dosages [8]. There is presently no
obvious explanation why the pharmacokinetics of Testim would be superior to those of Androgel, and further
comparison studies are required to substantiate superiority of one over the other.

Conclusions
The conclusion is warranted that transdermal delivery of
testosterone to the circulation largely meets the
requirements speciﬁed for testosterone replacement
treatment [11]. Both the testosterone patch and the testosterone gel deliver amounts of testosterone that generate physiological levels of plasma testosterone between
two administrations. For some of its actions, testosterone is a prohormone that is converted locally in tissue to
DHT and 17b-oestradiol. With transdermal delivery of
testosterone, plasma levels of these two conversion
products lie largely in the physiological range except for
the scrotal patch, which generates higher than normal
plasma DHT, with probably no signiﬁcant pathophysiological signiﬁcance. These forms of treatment mimic
the circadian rhythm of plasma testosterone; it is not
clear, however, whether it has physiological signiﬁcance.
As far as the preparations have been studied, no
adverse eﬀects on the prostate, serum lipids, liver or
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respiratory function have been noted. Similar to oral
preparations, transdermal testosterone preparations are
patient-friendly, with a relative independence from
medical services. The rapid reduction of circulating
plasma testosterone after termination of administration
is an asset when complications of testosterone occur.
When testosterone administration is initiated with a
short-acting preparation, potentially adverse behavioural eﬀects of testosterone are more amenable to correction.

References
1. Arver S, Dobs AS, Meikle AW, Allen RP, Sanders SW, Mazer
NA (1996) Improvement of sexual function in testosterone
deﬁcient men treated for 1 year with a permeation enhanced
testosterone transdermal system. J Urol 155:1604–1608
2. Atkinson LE, Chang YL, Snyder PJ (1998) Long/term testosterone replacement through scrotal skin. In: Nieschlag E, Behre
HM (eds) Testosterone: action, deﬁciency, substitution.
Springer, Berlin New York Heidelberg, pp 365–388
3. Behre HM, von Eckardstein S, Kliesch S, Nieschlag E (1999)
Long-term substitution therapy of hypogonadal men with
transscrotal testosterone over 7–10 years. Clin Endocrinol
(Oxf) 50:629–635
4. Bhasin S, Bagatell CJ, Bremner WJ, Plymate SR, Tenover JL,
Korenman SG, Nieschlag E (1998) Issues in testosterone
replacement in older men. J Clin Endocrinol Metab 83:3435–3448
5. De Lignieres B (1993) Transdermal dihydrotestosterone treatment of andropause. Ann Med 25:235–241
6. Marbury T, Hamill E, Bachand R, Sebree T, Smith T (2003)
Evaluation of the pharmacokinetic proﬁles of the new testosterone topical gel formulation, Testim trade mark, compared to
AndroGel(R). Biopharm Drug Dispos 24:115–120
7. McClellan KJ, Goa KL (1998) Transdermal testosterone.
Drugs 55:253–258
8. McNicholas TA, Dean JD, Mulder H, Carnegie C, Jones NA
(2003) A novel testosterone gel formulation normalizes
androgen levels in hypogonadal men, with improvements in
body composition and sexual function. BJU Int 91:69–74
9. Meikle AW (1998) A permeation enhanced non-scrotal testosterone transdermal system for the treatment of male hypogonadism. In: Nieschlag E, Behre HM (eds) Testosterone:
action, deﬁciency, substitution. Springer, Berlin, New York
Heidelberg, pp 389–422

10. Meikle AW, Mazer NA, Moellmer JF, Stringham JD,
Tolman KG, Sanders SW, Odell WD (1992) Enhanced
transdermal delivery of testosterone across nonscrotal skin
produces physiological concentrations of testosterone and its
metabolites in hypogonadal men. J Clin Endocrinol Metab
74:623–628
11. Nieschlag E, Wang C, Handelsman DJ, Swerdloﬀ RS,
Wu FC, Einer-Jensen N, Waites G (1992) Guidelines for the
use of androgens. Special Programme of Research, Development and Research Training in Human Reproduction of the
World Health Organisation. World Health Organisation,
Geneva
12. Rolf C, Knie U, Lemmnitz G, Nieschlag E (2002) Interpersonal
testosterone transfer after topical application of a newly
developed testosterone gel preparation. Clin Endocrinol (Oxf)
56:637–641
13. Schaison G, Couzinet B (1998) Percutaneous dihydrotestosterone treatment. In: Nieschlag E, Behre HM (eds) Testosterone: action, deﬁciency, substitution. Springer, Berlin New York
Heidelberg, pp 423–436
14. Steidle C, Schwartz S, Jacoby K, Sebree T, Smith T, Bachand R
(2003) AA2500 Testosterone gel normalizes androgen levels in
aging males with improvements in body composition and sexual function. J Clin Endocrinol Metab 88:2673–2681
15. Swerdloﬀ RS, Wang C, Cunningham G, Dobs A, Iranmanesh
A, Matsumoto AM, Snyder PJ, Weber T, Longstreth J, Berman N (2000) Long-term pharmacokinetics of transdermal
testosterone gel in hypogonadal men. J Clin Endocrinol Metab
85:4500–4510
16. Wang C, Berman N, Longstreth JA, Chuapoco B, Hull L,
Steiner B, Faulkner S, Dudley RE, Swerdloﬀ RS (2000) Pharmacokinetics of transdermal testosterone gel in hypogonadal
men: application of gel at one site versus four sites: a general
clinical research center study. J Clin Endocrinol Metab 85:964–
969
17. Wang C, Swedloﬀ RS, Iranmanesh A, Dobs A, Snyder PJ,
Cunningham G, Matsumoto AM, Weber T, Berman N (2000)
Transdermal testosterone gel improves sexual function, mood,
muscle strength, and body composition parameters in hypogonadal men. Testosterone Gel Study Group. J Clin Endocrinol Metab 85:2839–2853
18. Wang C, Swerdloﬀ RS, Iranmanesh A, Dobs A, Snyder PJ,
Cunningham G, Matsumoto AM, Weber T, Berman N (2001)
Eﬀects of transdermal testosterone gel on bone turnover
markers and bone mineral density in hypogonadal men. Clin
Endocrinol (Oxf) 54:739–750
19. Wilson DE, Kaidbey K, Boike SC, Jorkasky DK (1998) Use of
topical corticosteroid pretreatment to reduce the incidence and
severity of skin reactions associated with testosterone transdermal therapy. Clin Ther 20:299–306

