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ABSTRACT

Introduction. “Testosterone replacement therapy has been applied to alleviate the various symptoms of Jate-onset
hypogonadism (LOH) patients. Several routes are available for the administration of testosterone to LOH patients,
and transdermal delivery is an attractive method above all.

Aim. The aim of this article was to clarify the profile of serum total testosterone (T'T) and free testosterone FLD)
levels after application of testosterone ointment (Glowmin [GL}, Daito Pharmaceutical Co. Led., "Tokyo, Japan) and
its clinical efficacy in LOH patients.

Methods. Serum TT and FT levels were examined in healthy male volunteers and LOH patients after application
of 3 mg of GL. Then, 50 LOH patients received 3 mg of GL twice daily on scrotal skin (6 mg/day) for 12 weeks.
Subsequently, TT and FT levels immediately prior to GL application were compared with those at 1 hour after GL
treatment. Furthermore, the clinical effects of GL in the aforementioned 50 LOH patients were estimated after 12
weeks of GL treatment.

Main Outconte Measures. Hormonal effects of GL were evaluated by serum TT and FT levels. Aging males
symptoms (AMS), international index of erectile function (ITEF-5), and MOS 36-item short form Healthy Survey
(SF-306) questionnaire were used to assess the clinical efficacy of GL for LOH patients.

Results. Maximum TT and FT values, which were detected 1--2 hours after application of a 2-cm line of GL (3 mg
of testosterone) to scrotal skin, were not elevated beyond physiological levels; subsequently, these levels returned to
circadian rhythm after 4 hours in four healthy male volunteers. The highest T'T" and FT levels were also obtained
after 1-2 hours in four LOH patients involving identical administration methods; moreover, these levels were
maintained within a normal range for 6 hours. After 12 weeks of GL treatment in 50 LOH patients, TT and FT
levels demonstrated the same satisfactory response as that of the initial GL administration without GL accurnulation
effects. GL accumulation after 1 week in healthy men and after 12 weeks in LOH patients was not observed.
Furthermore, AMS score decreased markedly; IIEF-5 and four domains of the SF-36 score were clevated signifi-
cantly following GL application. Severe adverse reactions were not observed.

Conclusions. Accordingly, GL, which is a short-acting testosterone ointment eliciting physiological elevation of T'T
and FT, appears to be suitable for LOH ereatment. Amano T, Imao T, Takemae K, Iwamoto ‘T, Yamakawa K,
Baba K, Nakanome M, Sugimori H, Tanaka T, Yoshida K, Katabami T, and Tanaka M. Profile of serum
testosterone levels after application of testosterone ointment (Glowmin) and its clinical efficacy in late-
onset hypogonadism patients. J Sex Med 2008;5:1727-1736,
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Introduction

A ccording to the recommendation of the Intex-
national Society for the Study of the Aging
Male (ISSAM), late-onset hypogonadism (LOH)
is defined as a clinical and biochemical syndrome
associated with advancing age characterized by
typical symptoms and deficiency in serum test-
osterone levels [1]. ‘Testosterone replacement
therapy (TRT) has been applied in order to alle-
viate the various symptoms of LOH patients [2-6].
Several testosterone formulations are available,
including injectable, oral, buccal, transdermal, and
subcutaneous preparations [2]. However, Japanese
andrologists typically administer only testosterone
enanthate injection for the treatment of LOH;
additionally, newer testosterone agents are not
permitted for current clinical use under Japanese
regulations of the Ministry of Labor and Public
Health. Under these difficult circumstances,
we discovered a testosterone ointment over the
counter (OTC); this preparation was approved by
the Ministry of Publi¢c Health in 1965, This oint-
ment (Glowmin [GL], Daito Pharmaceutical Co.
Litd., Tokyo, Japan) contains 100 mg of testoster-
one per 10 g of matrix (1%).

The objective of this study was to clarify the
profile of serum total testosterone (TT) and free
testosterone (FT) levels following GL application
in healthy male volunteers and LOH patients, Fur-
thermore, the clinical efficacy of GL in the treat-
ment of LOH was investigated employing the
aging males symptoms (AMS) scale [7], the devel-
oped international index of erectile function
(IEF-5) [8], and the MOS 36-item short form
Healthy Survey (SF-36) [9] questionnaire.

Methods

According to the manufacturer’s instructions, GL
testosterone ointment (Daito Pharmaceutical Co,
Litd.) contains 100 mg of testosterone per 10 g of
matrix (1%). A 2-cm line of GL applied to the skin
contains 3 mg of testosterone.

The following four designed studies were
evaluated:

1. Serum T'T and FT levels were measured in four
healthy male volunteers aged 40, 47, 49, and
59 years. Blood samples were obtained at 10:00
an, 10:30 ang, 11:00 am, 12:00 pu, 2:00 e, 6:00
pM, 9:00 pum, 9:30 pv, 10:00 M, and 6:00 am;
circadian rhythms of TT and FT were exam-
ined. On the following day, serum TT and FT
levels were estimated in the four subjects fol-
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lowing application of a 2-cm line of GL (3 mg
of testosterone) to scrotal skin twice daily
(immediately after the blood sampling at 10:00
am and 9:00 pm); subsequently, these data were
compared with the respective circadian rhythm.
In addition, the profiles of serum 'T'T and FT
levels were observed after 1 week of consecutive
administration of GL in these four men.

2, The criteria of LOH were defined as serum
TT level was <2.7 ng/mL, and FT level was
<10.0 pg/mL. according to recent Japanese
LOH guideline [10]. The profiles of T'T" and
FI were assessed in four LOH patients 120-
360 minutes following a single application of
3 mg of GL to scrotal skin.

3. Fifty LOH patients received 3 mg of GL twice
daily on scrotal skin (6 mg/day) for 12 weeks.
Subsequently, TT and FT levels immediately
prior to GL application were compared with
those at 1 hour after GL treatment. Blood
samples were obtained from all patients in the
morning. Patient ages ranged from 34 years to
81 years (mean 55.5 + 11.4); sernm TT level
was <2.7 ng/mL, and FT level was <10.0 pg/
mL. Patents displaying prostate specific
antigen (PSA} levels exceeding 4.0 ng/ml.
were excluded from this study. Any adverse
reactions were reported. Serum T'T' and FT
levels were measured via radivimmuno assay
methods employing the Diagnostic Products
Corporation (DPC)/testosterone kit for ‘T'T
and the DPC/FT kit for FT' (Mitsubishi
Chemical Yatoron; Tokyo, Japan). .

The blood sampling tests, such as luteinizing
hormone (LH), follicle-stimulating hormone,
PSA, liver function (glutamic-oxaloacetic tran-
saminase, glutamic—pyruvic transaminase), lipid
(cholesterol, triglyceride), and hemoglobin, were
measured before and 12 weeks after GL treatments.

Laboratory reference values for testosterone
vary widely in a U.S. study [11]. And there are
some technical problems in these methods to
determine serum levels of TT and FT [12).
However, these are the only available methods to
measure T'T" and FT levels right now in Japanese
medical systems. Calculated FT decided by the
ISSAM formula and F1' measured by these
methods were correlated significantly [10]. Preci-
sion on FT determined by these methods is con-
firmed [10], and coefficient of variation is 11.6%
[£3]. In addition, it is almost impossible to measure
dihydrotestosterone (DHT) levels, because of
medical costs and technical problems under
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Japanese regulations of the Ministry of Labor and
Public Health.

4, The clinical effects of GL in the aforemen-
tioned 50 LOH patients were estimated by
AMS [7], HEF-S [8], and the SF-36 [9] ques-
tionnaire after 12 weeks of GL treatment.

Statistical analysis was performed by paired
t-test.

This study was approved by the Institutional
Review Board from Nagano Red Cross Hospital
and St. Marianna University. Informed consent was
obtained from all participants in the four studies,
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1, Serum TT and FT levels in healthy male vol-
unteers, which were high in the morning,
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diminished in the evening. The four healthy
male volunteers were aged 40, 47, 49, and
59 years. These data revealed that testosterone
circadian rhythms were maintained in middle-
aged men. However, their circadian rhythms
greatly blunted compared with young men, and
the data obtained from these four men are com-
patible with recent data that testosterone levels
in older men are stable throughout the morning
and early afternocon, declining only modestly
thereafter [14].

Peak TT (Figure 1) and FT (Figure 2) levels,
which were observed after 60-120 minutes, were
not elevated beyond physiological levels, Subse-
quently, TT and FT levels returned to circadian
rhythm after 4 hours in healthy men. The profiles
of serum T'T and FT levels were almost the same
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patterns after 1 week of consecutive GL applica-
tion for scrotal skin (Figures 1 and 2).

Based on our data, we calculated that Cp., was
4.84 ng/mL and C,. was 3.41 ng/mlL, respectively.
However, individual variations were rather large.
Thus, we also calculated Ty, The results were that
T was 8.46 hours at the first administration of
GL, and 8.24 at 1 week after GL administration.
These data were very similar, and these were inter-
preted that there was no accumulation of GL when
(1. was administered every 11-13 hours.

2. In four LOH patients, peak TT (Figure 3)
and FT (Figure 4) [evels also occurred after
60-120 minutes, T'T" and FT' levels were main-
tained within the normal range for 6 hours.

3. In 50 LOH patients following 12 weeks of
application of 3 mg of GL twice daily (total,
6 mg testosterone/day) to scrotal skin, T'T and
FT levels immediately prior to GL treatment
were 2.5 + LI ng/mL and 8.1 % 4.3 pg/mL,
respectively; these values were not significantly
different from pretreatment data. However,
TT and FT readings at 1 hour after GL

Free —testosterone (pg/mi)

patients foliowing application of 3 mg of

application were 5.5 * 2.4 ng/mL and 13.3
6.1 pg/mL, respectively (Table 1). These data
demonstrated that serum TT and FT levels
were markedly elevated 1 hour after GL admin-
istration relative to those levels observed prior
to treatment (paired ztest) (Figure 5). And
these elevatons revealed the same good
responses as the initial GL administration,
These findings were indicative of the remote
possibility of GL. accumuladon in the body.
The results of other blood sampling tests
before and 12 weeks after GL administrations
are shown in Table 2. No sericus abnormal data
were observed, and there are no significant
differences between pre~ and post-GL treat-
ment, except significant decline of LH levels
(P = 0.0048).

. In 50 LOH patients treated with GL for 12

weeks, the AMS score, including mental factor,
physical factors, and sexual function factor,
decreased significantly (Figure 6). The IIEF-§
score increased markedly following the
12-week GL regime (Figure 7). In addition,
SF-36 domain scores of role physical (RP),

Figure 4 Serum free testosterone
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J Sex Med 2008;5:1 127-1736

profite in four late-onset hypogeonadism
) patients following application of 3 mg of
(min)  Glowmin,



Clinical Efficacy of Testosterone Ointment for LOH Patients 1731

Table1 Serum total testosterone (TT) and free testosterone (FT) levels before and 12 weeks after application of
Glowmin {GL) in hypogonadism (late-onset hypogonadism) patients

Mean = 8D n=50

12 woeks after &L treatment

Before GL. treatment Before 1 hour after

Befors application application application

TT {ng/mL) 27 1.0 2.5+ 1.1 55+ 2.4*
FT {pg/mt.) 74+28 8.4 %443 13.3 = 6.1

*P = 0,005 (before treatment vs, 1 hour after application).
P 0.0001 (before treatment vs. 1 hour after application}.

social functioning (SF), role emotional (RE),
and mental health (ME) improved substantially
(Figure 8) after 12 weeks of GL treatment. The
three questionnaires (AMS, IEF-5, and SF-3 6)
are validated internationally. These results indi-
cated that several symptoms of LOH, such as
physical, psychological, and sexual symptosmns,
were relieved by application of GL.

Three subjects reported adverse reactions: two
complained regarding difficulties associated with
urination and one displayed seborrhea. Adverse

reactions were not serious, Nearly all participants
described a rather smooth sensation and not a

sticky sensation upon application of GL to scrotal
skin.

Discussion

LOH patients exhibit various symptoms, which
include physical, psychological, and sexual aspects.
To alleviate these symptoms, palliative treatments,
including Chinese herbal medicine [3], selective

Total - testostercns Free - tesiosterone

ng/ml
1

10 4
8

G

e a — pg/mt w* #* 520,001
4] l &0 r l
124 9 o

25

o A

151

PRI B
Figure 5 Serum total testosterone
and free testosterone levels before 2]
and 1 hour after application of T
Glowmin in 50 late-onset hypogo- 0
nadism patients during 12-week Before

Glowmin regime.

L
+ . o
¥ .
0
After Before After
ihr 1 bt

Table 2 Blood sampling tests before and 12 weeks after application of Glowmin in Hypogonadism (late-onset

hypogonadism} patients

Before 12 weeks after
LH (miUfmb) 4,53 + 363 257 = 1,80 P=0.0048
FSH (miU/mL} 9,39 = 6.87 6.64 = 7.47 NS
PSA (ng/mb) 110 % 0,95 1.22 x 0.59 NS
GOT (UML) 216+ 64 23.0x57 NS
GPT (UML) 28,0 = 20.7 243+ 93 NS
Cholesteral (mg/dL) 196.4 = 66.9 200.3 = 26.9 NS
TG (mofdL) 137.2 % 746 174.1 = 118.9 NS
Hemaoglobin {g/dL} 148+ 1.2 148+ 1.0 NS

LH, luteinizing hormone; FSH, folficle-stimulating hormone; PSA, prostate specific anfigen; GOT, glutamic—oxaloacetic fransarninase; GPT, glutamic-pyravic

transaminase; T@, triglyceride; NS, not significant.

J Sex Med 2008;5:1727-1736
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mean 1242 1070 1866 1654 1452 13.06 cal, and sexual Improved following
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serotonin reabsorption inhibitor for depression
[4], phosphodiesterase type 5§ (PDE 5) inhibitors
for erectile dysfunction (ED) [5,6], etc., have been
applied. However, the basic essential treatment for
LOH involves TRT. Although hormonal therapy
employing human chorionic gonadotropin (hCG)
is also available [15], TRT is an important and
indispengable treatment for LOH [16-19]. The
following criteria were proposed as desirable char-
acteristics of the ideal hormone replacement
therapy [19]: (i) it should produce levels consistent

*
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+5D +8.10 7,41

Figure 7 International index of erectile function (ILEF-5)
score levels prior to and after 12-week Glowmin regime in
50 late-onset hypogonadism patients. liEF-5 scores also
improved following Glowmin treatment.
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with physiological testosterone in the blood;
(ii) it should restore circadian variation; and (jii)
it should produce normal ratios of DHT/
testosterone and Ea/testosterone.

In our first study, circadian rhythms of TT and
FT were observed even in healthy middle-aged
men; however, their cireadian rhythms greatly
blunted compared with young men [11]. GL is a
proved short-acting agent, which influences serum
TT and FT on the order of 4-6 hours. Further-
more, GL accumulation after 1 week in healthy
men and after 12 weeks in LOH patients was not
evident in this investigation,

Several routes are available for the administra-
tion of testosterone, e.g., injection, oral, buecal, |
transdermal, and subcutaneous [20]. The most
convenient, tolerable route is likely the oral
approach. Methyltestosterone (Enarmon) is avail-
able. However, absorption of methyltestosterone
(Enarmon) in the small intestine is not efficient,
and side effects associated with liver dysfunction
are rather common; thus, this drug is not utilized
for LOH [20]. Testosterone undecanoate (Andriol)
is a promising oral agent [21], which induces
normal serum testosterone levels for 8 hours [20]
with less liver dysfunction (Nebido (Schering)
data book). However, testosterone undecanoate
(Andriol) is not available in Japan at present
Accordingly, intramuscular injection of testoster-
one enanthate (Enarmon depot) is widely indi-
cated for treatment of LOH in Japan. The profile
of serum testosterone levels following injection of
testosterone enanthate (Enarmon depot) is much
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higher than the normal range; moreover, these
levels decrease quickly, returning to the original
low level within 2-3 weeks [22]. Testosterone
undecanoate (Nebido) is a long-acting intramus-
cular injectable drug [20}, which maintains normal
serum testosterone levels 12 weeks after injec-
tion (Nebido (Schering) data book). Testosterone
undecanoate is rather well-tolerated by LOH
patients. However, the use of testosterone unde-
canoate is not permitted in Japan.

"Transdermal delivery is an attractive method for
administration of testosterone to LOH patients.
Two main forms (gel and patch) are available
[20,23,24]; furthermore, serum testosterone levels
are maintained within the physiological range
by daily usage (Testogel (Schering) data book).
Adverse effects, including skin eruption, contact
dermatitis, and itching, are observed on occasion;
however, transdermal application is less invasive
and bodes well with respect to patient tolerance.
However, these gel and patch testosterone prepa-
rations are not available in Japan either. Conse-

quently, intramuscular injection of testosterone -

enanthate (Enarmon depot) for TRT in LOII
patients is the only avenue available to Japanese
urologists and andrologists. Under these difficult
circumstances, we discovered the existence of tes-
tosterone ointment (GL) in the form of an OTC
(no prescription requirement) preparation, which
was approved by the Japanese Ministry of Public
Health in 1965. The indications for GL are erec-
tile dysfunction, ejaculation disturbance, hypogo-
nadism, decreased libido, etc., attributable to low
serutn testosterone level, Our preliminary reports
suggested that GL appeared to be a short-acting
testosterone ointment [25], which might possibly
treat LOH [26,27).

BP GH VI SF RE MH

Miwa et al. reported that LOH symptoms were
not significantly related to serum levels of T'T and
FT [28]. However, in the current study, elevation
of serum testosterone levels and improvement of
AMS (mental factor, physical factors, and sexual
fanction factor), IIEF-5, and SF-36 scores (bodily
pain, SE, RE, and MH) were observed after 12
weeks of treatment with GL. Adverse reactions
were mild; two patients complained of difficulties
associated with urination and one exhibited sebor-
rhea. The characteristics of GL were assessed in
healthy men and LOH patients in detail in this
mvestigation. Our data indicated that GL is a
promising agent for LOH patients despite the
restricted clinical use of similar agents in Japan, At
the onset of this research, GL was applied twice
daily to scrotal skin per the original GL instruc-
tions. Our results revealed that GL induced mild
elevation of serum testosterone level for 4-6
hours. Although their circadian rhythms greatly
blunted compared with young men [14], their cir-
cadian rhythms of serum T'T" and FT were also
detected in healthy middle-aged men. However,
the physiological functions of these circadian
rhythms are not clear.

The skin site facilitating the highest rate of
absorption of steroid ointments appears to be the
scrotum [29], However, a larger volume of GL will
be required for once daily application; additionally,
the application area of scrotal skin is limited.
Moreover, the issue of transfer of ointment to
clothing must be resolved [30]. Consequently, we
are currently examining the profile of serum TT
and FT levels following GL application to other
skin sites with respect to transfer to clothing.

Reference ranges of serum TT and FT in Japa-
nese adult males were reported in 2004 [13]. Based

J Sex Med 2008;5:1727-1736
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on these data, the reference range of TT was
established as 2.01-7.50 ng/mL; moreover, that of
FT was classified for every decade subgroup as the
mean * 2 SD because of the strong influence of
aging on FT' [13]. In addition, the 80% and 70%
values of the young adult mean (males 20~39 years
of age} were 12.4 pg/mL and 10.9 pg/mL, respec-
tively; these values had been proposed as a
guideline for TRT in Japan [13]. In this study,
LOH patieats characterized by serum TT level
<2.7ng/mL or FT level <10.0pg/mL were
treated, The current experimental protocol was
designed prior to the determination of these cri-
teria. The values are not identical; however, no
significant difference is evident. Consequently, the
selecdon criteria for our LOH patients are
believed to be adeguate.

During the 12-week GL regime, two of the 50
LOH patients complained of difficulties associated
with urination and one exhibited seborrhea. These
adverse reactions were not serious. The results of
blood sampling tests reveal no abnormal data
either no significant changes except decline of LH
levels 12 weeks after GL treatments, including
PSA, liver and lipid, function, and polycythe-
mia. 'To conduct TRT in LOH patients, several
adverse effects must be considered, including
liver dysfunction, polycythemia, sleep apnea, lipid
metabolic abnormality, prostate cancer, etc.
The aforementioned untoward effects were not
observed in the present study. The observation
period was 12 weeks. At the very least, no serious
side effects related to GL were evident during this
short interval. However, late-onset adverse reac-
tions, particularly the risk of prostate cancer, are
very important. Reduction of testosterone levels in
prostate cancer patients leads to regression of
cancer; thus, TRT in hypogonadal men in the
presence of suspected or confirmed prostate
cancer is contraindicated [31}. The relationship
between "TRT and risk of prostate cancer is a con-
tradiction. Several articles noted that the level of
PSA was not significantly altered after 1 year of
TRT [32), and that the prevalence rate of TRT
patients in terms of prostate cancer was similar to
that of the general population for 6-month to
36-month follow-up periods [33]. On the other
hand, other reports demonstrated that prostate
cancer might become clinically apparent within
months to a few years following the initiation of
TRT [34]. Although recent review article indi-
cated that there has not been a scientific basis for
the belief that testosterone causes prostate cancer
to grow [35], PSA measurement appears to be rec-

J Sex Med 2008;5:1727-1736
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ommended for LOH patients receiving TRT over
a duration of several years at present.

Conclusion

"The current data demonstrated that GGL is a short-
acting testosterone ointment capable of moderate
elevation of TT and FT. Treatment of LOH
patients with GL with respect to the circadian
rhythims of serum TT and FT levels appears to be
beneficial. The clinical effects of GL. observed in
LOH patients include mental factoy; physical
factors, and sexual function factor in AMS; erectile
dysfunction in IIEF-5; and RP, SF, RE, and MH in
the SF-36 questionnaire, Untoward effects were
not serious. Thus, G1L is believed to be an effica-
cious, safe agent for TRT in LOH patients.
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