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Abstract
Although multiple forms of testosterone replacement therapy are available to treat hypogonadism, none is ideal. This article
reports on the pharmacokinetics of an innovative nasal formulation of testosterone in hypogonadal men. The first study was
undertaken in eight men with a baseline total testosterone (TT) of 130.8 + 87.4 ng/dL. and examined the pharmacokinetics
of nasal testosterone given in a single dose of 7.6 mg, 15.2 mg or 22.8 mg, respectively. The second study examined the
pharmacokinetics of nasal testosterone (7.6 mg) given either twice or three times a day in 21 severely hypogonadal men
(baseline TT in 20 patients <50 ng/dL, in one patient 152 ng/dL) for 14 days. The steady-state concentration of
testosterone was within the normal range in all treatment groups, but only in the 3-times-a-day group was the 95%
confidence interval completely within the physiological range. The average DHT level did not exceed the upper range of
normal. The clinical global visual analogue scale improved in the whole group receiving testosterone (p < 0.001). All adverse
events in both studies were of mild to moderate intensity and were evaluated as unlikely or not related to the administered
study drug. No patients dropped out during treatment.

Comparison with the normal circadian rhythm by computer modelling suggests that nasal testosterone can be used to
mimic the normal diurnal pattern in eugonadal men. Thus, nasal testosterone can be administered safely to humans in doses

that approximate serum concentrations in the normal physiological range.
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Introduction

Androgen deficiency is now recognised to be a
relatively common condition [1-3]. At present none
of the available replacement therapies are ideal.
Testosterone injection shows wide fluctuations in
circulating levels with the values often being supra-
physiological [4]. Testosterone patches have a high
rate of skin irritation [5,6]. Testosterone gels,
although being the most acceptable modality in the
United States, are associated with a low level of skin
irritation but are not always considered convenient
and bear the risk of skin-to-skin transfer [7-13]. Oral
testosterone undecanoate needs to be administered
with a high fat meal and levels obtained are often low
[14-19]. The oral formulation is associated with high
levels of dihydrotestosterone because of high levels of
5o-reductase in the gut [20].

It is known that the nasal preparations of drugs can
undergo systemic absorption [21-23]. Also, some
investigators have found a potential of this route for
the delivery of testosterone; however, the duration of
effective serum levels was too short since z;,, was 40—
50 min only [24-26]. In contrast, the current report
describes the pharmacokinetics of a newly developed

nasal formulation that adequately replaces testoster-
one in men suffering from the absence of, or low,
endogenous testosterone levels.

The studies reported here demonstrate the pharma-
cokinetics of total testosterone (TT) and dihydro-
testosterone (DHT) after single application (study A)
and after twice or three times daily dosing for 14 days
(study B) of this nasal testosterone preparation in
hypogonadal men.

Methods

The studies were carried out at the University of
Medicine and Pharmacy, Institute of Endocrinology
in Bucharest, Romania (C. Badiu). They were
performed in compliance with current ICH Good
Clinical Practice and approved by The National
Ethics Committee, Bucharest, Rumania. All subjects
had given written, informed consent.

Exclusion criteria included: abnormal prostate
examination or serum prostate-specific antigen
(PSA) above 4 ng/mL; history of testicular tumor;
significant intercurrent disease of any type, in
particular liver, kidney or heart disease, any form of
diabetes mellitus or psychiatric illness; unstable or
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untreated hyperlipidemia or hyperthyroidism; history
of nasal disorders; history of or current evidence of
abuse of alcohol or any drug substance.

Aside from the hypogonadism, the subjects were in
good health, as evidenced by medical history,
physical examination, complete blood count, urina-
lysis, and serum biochemistry.

The subjects received no androgen treatment
within 2 weeks (oral, buccal, topical), 4 weeks
(intramuscular) or 12 months (implant) prior to the
study. At the end of the washout period, patients had
to exhibit hypogonadal morning serum TT levels of
<300 ng/dL.

The test product (MPP 10, M et P Pharma AG) is
a semisolid formulation containing testosterone. One
applicator, intended for administration to one nostril,
delivers 120 mg of gel comprising 3.8 mg of testos-
terone in a proprietary formulation, consisting of
castor oil, a mixture of glycerides and polyethylene
esters and a gelling agent. The product contains no
preservatives and is filled into white unit-dose
applicators that are formed wusing blow-fill-seal
technology. One dose is given as one applicator
per each nostril (i.e. a total dose of 7.6 mg of
testosterone).

Study A

The objective of the study was to determine the
pharmacokinetics of testosterone and DHT after
single dose administration of three different doses of
MPP 10, and to determine the dose level for further
studies. Eight hypogonadal men between 22 and 62
years (39.3 + 14.8 years), BMI 26.8 + 5.4 kg/m?,
were included and had morning serum TT levels at
screening of 130.8 + 87.4 ng/dL.. Seven cases were
with secondary hypogonadism (three prolactinoma,
two non-functioning pituitary adenomas, one
Kallmann’s syndrome, one with idiopathic hypogo-
nadotropic hypogonadism); one case was identified
as Klinefelter syndrome.

Design. Open, sequential, single escalating dose study
(three treatment days, 7 days between the treatment
days as wash-out period).

Dosing. Treatment Day 1: 7.6 mg testosterone;
Treatment Day 2: 15.2 mg testosterone; Treatment
Day 3: 22.8 mg testosterone.

Blood sampling. 0, 10, 20, 30, 40, 50 min and 1, 1.5,
2,2.5,3,3.5,4,5, 6, 8, 10, 16, 24 h post-dose.

Pharmacokinetic evaluation TT. Cg, = maximum
concentration, ., = time of maximum concentra-
tion, AUCg 541, =area under the curve, estimated
for 0-24h using the trapezoidal rule,
NAUC, 54 , = Normalised AUC, ie. AUC/dose.
For statistical comparisons (dose-linearity), baseline
correction was applied by subtracting the

baseline from all measured TT wvalues before
calculating C,,, and AUC. The baseline was
calculated as the mean of the pre-dose and the 24 h
TT wvalue, unless these values differed for more
than a factor 2. If the latter was the case, the lowest
value of the pre-dose and the 24-h concentration
was used as the baseline. Zero was substituted for
those values that became negative after baseline
subtraction.

Safery monitoring. DHT levels, ear-nose-throat
(ENT) and prostate examination, adverse events,
laboratory measurements, vital signs.

Study B

The objective of the study was to determine the
optimum dose scheme for the treatment with MPP
10. Twenty-one hypogonadal men were included.
The characteristics of the patients are given in
Table I.

Design. Open, randomised, multiple dose, three
arms, parallel-group study.

Dosing. (14 days): Group B; — 7.6 mg testosterone
two times a day (08:00 h, 14:00 h), Group B, -
7.6 mg testosterone two times a day (08:00 h,
20:00 h), Group B; — 7.6 mg testosterone three
times a day (08:00 h, 14:00 h, 20:00 h).

Blood sampling. Days 1-13: pre-dose sample collec-
tion (between 06:00 and 07:00 h). Day 14: blood
sampling at 0, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 6.25,
6.5, 6.75, 7, 7.5, 8, 9, 10, 12, 14, 16, 18 and 22 h
after the morning administration.

Pharmacokinetic evaluation TT.  Cpi, = minimum
concentration, Cpas AUCo 241, NAUC) 24 hs
C,, = average concentration, calculated as
AUC( 4 /24, PTF =peak-trough fluctuation, cal-
culated as (Cpax — Cmin)/Cay. For comparison
with Study A and for between group comparisons,
AUC(_,41, was calculated applying a baseline correc-
tion. As baseline values the individual pre-dose TT
concentrations before first study administration were
taken. This baseline was applied assuming that sup-
pression in this study was minimal because baseline
TT was virtually at castrate level for most men.

Safety monitoring. DHT levels, ENT and prostate
examination, adverse events, laboratory measure-
ments, vital signs.

Secondary parameters. The ageing male survey (AMS)
questionnaire was completed by the subjects on day 1
before the first administration and on day 14. The
questionnaire was translated to Rumanian and back-
translated to confirm its validity (http:/www.
issam.ch/AMS_English.pdf). The median decrease
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Table I. Subjects’ baseline characteristics in study B.

All subjects (n=21) Age Weight Height BMI Total T DHT

mean + SD (years) (kg) (cm) (kg/m?) (ng/dL) (ng/dL)
Group B, (n=17) 32.0+11.8 68.7 + 18.1 168.0 + 16.9 23.8 +2.7 29.9 + 29.8 5.9 +4.0
Group B, n=7) 34.0 + 8.3 80.9 + 24.7 166.3 + 16.4 283+5.3 35.9 + 59.6 8.4 +4.38
Group B; (n=17) 31.4+99 68.7 + 16.8 163.9 + 12.3 253 +4.2 13.1 + 14.6 4.4+05

Diagnosis: primary hypogonadism (z = 2): hypergonadotropic hypogonadism NOS (1), Klinefelter syndrome (1).
Secondary hypogonadism (z=19): panhypopituitarism NOS (14); panhypopituitarism, post-traumatic (1); panhypopituitarism, post-

operative (3); Kallmann’s syndrome (1).

of the total score and the subscores were analysed
using Wilcoxon signed rank test with Bonferroni
adjustment and descriptive statistics. A clinical global
score (CGS) was evaluated by the investigator on day
1 before the first administration and on day 14. For
the CGS the following features were evaluated: skin
color/turgor, posture/body tone, psychic situation/
mood. The CGS was a Visual Analogue Scale (VAS),
structured as 0 =worst and 10 =best. The median
change of the total score was analysed using the same
statistical methods as for the AMS questionnaire.

Hormone assays. The serum samples of studies A and
B were analysed by Esoterix Endocrinology, Calaba-
sas, CA, USA. At the time the studies were
performed Esoterix used two different methods for
TT and DHT measurement. All samples of one
treatment day for an individual were measured in a
single assay.

TT was measured by liquid chromatography with
mass spectrometry after nonpolar solvent extraction
(LOQ 3.0 ng/dL). The inter-assay coefficients of
variation (CV) ranged from 7.9% (30.1 ng/dL) and
4.3% (251 ng/dL) to 5.0% (524 ng/dL). The intra-
assay CV ranged from 2.6% (30.6 ng/dL) and 1.8%
(263.2 ng/dL)) to 1.7 (544.7 ng/dL). The normal
range of TT for male adults is 350-1030 ng/dL, as
determined by Esoterix Endocrinology (to convert
TT to nanomoles per litre, multiply nanograms per
deciliter by 0.0347).

DHT was measured by radioimmunoassay after
extraction and oxidation (LOQ 2.0 ng/dL). The inter-
assay CV for DHT ranged from 7.9% (10.9 ng/dL) and
7.1% at 40.8 ng/dL) to 7.4% (75.3 ng/dL). The intra-
assay CV for DHT ranged from 6.7% (11.3 ng/dL) and
2.2% (37.4 ng/dL) to 4.6% (69.1 ng/dL). The normal
range of DHT for male adults is 30-85 ng/dL, as
determined by Esoterix Endocrinology (to convert
DHT to nanomoles per liter, multiply nanograms per
decilitre by 0.0345).

Statistical analyses. Data were analysed by descriptive
statistical methods wusing TopFit version 2.1
(kinetics) and SPSS version 12.0 (statistics).

Clinical laborarory parameters. Clinical labora-
tory parameters were compared by means of an

ANOVA test, follow-up wvs. screening whenever
possible.

Vital signs. Vital signs measured at screening and
follow-up were compared by means of an ANOVA
test, follow-up vs. screening. The vital signs mea-
sured before study medication administration in each
study period were analysed only descriptively (mean,
standard deviation, range).

Results
Study A

Serum T levels and pharmacokinetics. Mean concen-
tration—time curves of testosterone after administra-
tion of the three different doses of MPP 10 are shown
in Figure 1. The results indicate that physiological
testosterone levels can be reached with all doses
applied and that a dose of 22.8 mg does not produce
supraphysiological concentrations. It must be em-
phasised that this latter dose was mainly investigated
for safety reasons, and it is important to note that
even with this dose concentrations did not substan-
tially exceed those obtained with the 15.2 mg dose of
testosterone.

The pharmacokinetic parameters are listed in
Table II. The AUC did not linearly depend on dose.
The (baseline corrected) AUC, ,4 almost doubles
with a dose of 15.2 mg as compared with 7.6 mg but
only increases marginally when the dose is further
increased to 22.8 mg. Also, the increase for C,,.y is
bigger between the low and medium dose than
between the medium and the high dose. The
maximum serum concentration is reached between
1 and 2 h after administration indicating a rapid
absorption from the intranasal cavity.

Serum DHT levels. The concentration of DHT is in
the low physiological range for a short time,
decreasing thereafter (Figure 1). The risk of supra-
physiological concentrations is negligible.

Adwverse events. Two adverse events (fever, nausea)
occurred in one patient before the first administra-
tion. This patient was excluded from the study.
There were no further drop-outs.
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Study B

Serum T levels and pharmacokinerics. In this study,
patients with very severe hypogonadism, virtually
having castrate TT levels, were included. The
pharmacokinetic parameters of testosterone for the
three treatment groups are compiled in Table III,
the corresponding serum concentration-vs.-time
curves are shown in Figure 2.

The normalised baseline-corrected AUC values
show that the extent of absorption of testosterone is
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Figure 1. Pharmacokinetic profile of TT (solid squares) and DHT
(open squares) after single-dose administration of different doses
of MPP 10 in study A. 7.6 mg T (squares), 15.2 mg T (circles),
22.8 mg T (triangles). Dashed line denotes lower limits of normal
range of TT based on morning serum samples. Error bars denote
mean + SD.

Table II. Pharmacokinetic parameters of TT in study A after single
escalating doses of MPP 10 in 8 men.

Parameter 7.6 mg 15.2 mg 22.8 mg

Cxax [ng/dL] 578 + 234 804 + 315 842 + 431

tmax [h] 1.08 + 0.71 1.40 + 0.94 1.02 £+ 0.68

AUC) 241 2315+ 1380 4222 + 1849 4366 + 2198
[ng*h/dL]

NAUC¥*, 1, 305 + 182 278 + 122 191 + 96
[ng*h/dL]/mg

Values given as mean + SD.
*Baseline-corrected values.
**Normalised baseline-corrected AUC.

virtually the same in each group. C,,;, is low in all
groups, but the patients started with very low
baseline TT concentrations. The trough concentra-
tions rise rapidly during the first two days from the
initial low castrate TT levels to reach a new steady
state between ~ 200 and 400 ng/dL.

The mean of average steady-state concentrations
remains within the physiological range in all treat-
ment groups, but only in group B; (t.i.d. adminis-
tration) the 95% confidence interval is also entirely
within the physiological range. In all groups Ci ..
values of individual patients sometimes slightly
exceeded the upper limit of the physiological range.
Excursions above the physiological range are short-
lasting. Twelve of a total of 22 values higher than
1000 ng/dL. were observed in a single patient,
who started with a trough level of 900 ng/dL after
13 days of dosing with the three times daily dosing
regimen.

Serum DHT levels. The pharmacokinetic parameters
of DHT for the three treatment groups are shown in
Table IV. These show that the average steady-state
concentration of DHT did not exceed the upper limit
of the physiological range (85 ng/dL), indicating no
particular safety risk due to DHT pharmacokinetics.
The corresponding serum concentration-vs.-time
curves are shown in Figure 2. The curves show that
even in group Bj the risk of a DHT level above the
upper limit of the physiological range for a longer
time is low. The larger standard deviations in group
B, and Bj are caused mainly by the high concentra-
tions in one patient each.

Adverse events. A total of 36 adverse events were
observed during study B. All adverse events were of
mild or moderate intensity. No serious adverse
events were observed. The following organ systems
were affected: psychiatric disorders, nervous system
disorders, respiratory, thoracic and mediastinal dis-
orders, gastrointestinal disorders, skin and subcuta-
neous tissue disorders, musculo-skeletal, connective
tissue, and bone disorders, renal und urinary system
disorders, general disorders and administration site
condition. None of these events were evaluated as at
least possibly related to drug treatment. No adverse

Table III. Study B.

Parameter Group B,

Group B, Group B3

314 (236-419)
Crnin [ng/dL] 102 (55-189)
Crnax [ng/dL] 859 (632-1,167)
PTF 2.50 + 1.06
AUCE 24 n [ng*h/dL] 6,879 + 2,679
NAUCH*%, 1, [ng*h/dL]/mg 453 + 176

C,y [ng/dL]

327 (210-509)
157 (98-251)
854 (465-1,570)

472 (323-689)
220 (116-419)
1,137 (895-1,444)

2.224+0.71 2.02 + 0.93
7,764 + 4,795 12,031 + 4,591
511 + 315 528 + 201

Pharmacokinetic data of testosterone after repeat administration of different daily doses of MPP 10 (mean + SD or geometric mean and

95% CI).
*Baseline-corrected values.
**Normalised baseline-corrected AUC.
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Figure 2. Pharmacokinetic profile of TT and DHT after nasal
administration of MPP 10 in different dosing schemes (Study B, after
14 days of treatment). “Time 0’ means 08:00 h; dashed lines denote
upper (TT and DHT) and lower (TT) limits of normal range based
on morning serum samples. Error bars denote mean + SD.

events concerning nasal mucosa or nasal function
were observed.

AMS questionnaire. The AMS questionnaire did not
provide significant results but a tendency to lower

Nasal delivery of testosterone 175

values (i.e. improvement of condition) on day 14
compared with day 1 was observed. An important
experience was that the AMS questionnaire was not
fully compatible with the situation of the particular
patients.

CGS. The overall CGS results for the total
study population are given in Figure 3. The overall
score significantly increases (i.e. improves) after
14 days of treatment. Analysis on separate groups
revealed significant increases from baseline during
the treatment period in Groups B; and B3, indicating
a clinical amelioration of the condition of the
patients.

Also in group B, the CGS improved, but the
change was not significant (p =0.063).

Discussion

The results of study A indicate that testosterone is
well absorbed after nasal administration of different
doses of MPP 10. The maximum serum concentra-
tion of testosterone is reached between 1 and 2 h
after administration. The exposure to exogenous
testosterone increases approximately linearly be-
tween 7.6 and 15.2 mg but levels off with the higher
dose of 22.8 mg. At dose levels above 15 mg
absorption may be limited due to the restricted
volume for nasal application of 0.05-0.15 mL [27];
because of the low solubility of testosterone the
medium and the high dose had to be administered
by increasing the application volume to 0.24 and
0.36 mL, respectively. Thus, the lack of a further
linear increase of testosterone levels with higher
doses may reflect a saturation phenomenon at the site
of absorption.

As high circulating DHT concentrations might be
a risk factor for prostate safety the steady-state
concentrations and the pharmacokinetics of DHT
were important safety criteria for this study. Although
the importance of DHT for prostate safety is still
unknown, higher than physiological DHT concen-
trations and an increased DHT/T ratio should be
avoided, especially in long-term treatment. In study
A the concentrations of DHT remained within the
physiological range for DHT over the observation
period.

The results of the study B indicate that treatment
schedule B; is the most appropriate regimen for
initial treatment of severe male hypogonadism,
accompanied by a good tolerability. However, for
mild or moderately hypogonadal men with higher
basal TT levels, a lower dosing frequency is probably
also sufficient to improve their TT levels towards a
more eugonadal range. The wide confidence inter-
vals for Cp,.« in Groups B, and Bj reflect the profile
of one patient in each group who started blood
sampling on Day 14 with already high TT levels
before the first administration of that day; 1080
and 901 ng/dL. for Groups B, and Bj;, respectively.
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Table IV.

Study B.

Parameter Group B,

Group B, Group B3

Cay [ng/dL] 26.2 (18.4-37.5)
Crnin [ng/dL] 13.5 (8.2-22.1)
Ciax [ng/dL] 43.5 (31.8-59.6)
PTF 1.15 + 0.43

AUCO0-24 h [ng*h/dL] 577 (415-803)

26.3 (13.5-51.5)
15.6 (8.2-29.7)
46.4 (21.3-101)
1.19 + 0.32
632 (339-1,177)

34.7 (20.5-58.7)

16.8 (8.9-31.9)

70.0 (40.1-122)
1.68 + 1.09
833 (512)

Pharmacokinetic data of DHT after repeat administration of different daily doses of MPP 10 (mean + SD or geometric mean and 95% CI).
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Figure 3. Overall CGS for study B.

Such patients would in normal practice qualify for a
dose reduction.

An important observation was that the DHT
concentration remained relatively low and did not
exceed the physiological range for a longer time per
treatment day. Also the DHT/T AUC( 541 ratios
(0.076, 0.081 and 0.074 for groups B;, B, and Bs,
respectively) were in the normal range as reported
before [28].

The AMS questionnaire was not developed to
assess effects of testosterone deficiency and replace-
ment. The AMS, as well as the CGS, were included
to test their suitability as efficacy instruments and for
purposes of sample size calculation for future efficacy
studies. A significant clinical response was not
expected due to the low patient number and the
short treatment duration. In addition, the study was
an open-label study and uncontrolled. Despite these
restrictions, the results showed trends towards
improvement and provided valuable information
about the change of the clinical state of the
patients and about the suitability of these efficacy
instruments.

Because none of the adverse events was judged as
serious, and all adverse events were evaluated as
unlikely or not related to the administered study
drug, MPP 10 seems to be well tolerated. Regarding
clinical chemistry and vital signs no clinically relevant
changes were observed with exception of a decrease
in hemoglobin concentration, hematocrit and red
blood cell concentration. But this decrease may be
explained by the high number of blood samples taken

during the treatment interval and during the phar-
macokinetic investigation on day 14.

Although MPP 10 is an oil-based formulation,
there is very low risk that the vehicle might enter the
lungs due to its high viscosity (~4000 mPa x s).
The results of a toxicological study (product-specific
3-months toxicity study in rabbits) did not indicate
problems with the respiratory tract nor did the
follow-up in patients by an ENT examination.

The WHO, NIH and FDA recommend that the
major goal of therapy is to replace testosterone levels
at as close to physiologic concentrations as possible.
It is well-known that many endogenous hormones,
including testosterone, follow a circadian rhythm. In
fact many functions in humans are organised in time
as biological rhythms of diverse periods, and many
drugs have varying potencies and/or toxicities asso-
ciated with the rhythmicity of biochemical and
physiological processes [29]. Application of MPP
10 results in a more pulse-like testosterone profile
rather than the relatively sustained serum levels
attained with transdermal administration. In studies
with gels and patches it has been assumed that the
upper and lower limits established were constant over
the day. As an example, the often used normal
reference ranges given by Meikle [30] were derived
by taking the 95% confidence intervals from morning
hormone levels measured in normal men between 20
and 65 years old. By applying constant limits over the
day however normal physiology is not followed
because the secretions of the endocrine system
describe a variable pattern of production with little
evidence that constant secretion is the preferred
option [31-35]. Although the circadian fluctuation
gets less in elderly men it is certainly not disappearing
as was nicely shown by Diver et al. in 2003 [36].
Also, many healthy men, considered to be eugona-
dal, have testosterone levels in the hypogonadal range
during different times during the day [36-38].
Therefore it must be emphasised that testosterone
replacement therapy resulting in permanently in-
creased concentrations of circulating testosterone
and DHT, as is the case with transdermal gels and
injectables, is significantly different from the physio-
logical profile in eugonadal men. Because of its
physicochemical characteristics and short half-life,
administration of testosterone to hypogonadal
men in a manner that mimics normal levels and
patterns presents a therapeutic challenge. However,



a challenge worthwhile facing and which may lead to
a paradigm shift in HRT. In the case of estrogen, for
example, pulsed therapy has shown to be highly
effective, despite periods of relatively low concentra-
tions, probably partly due to the intracellular gene
activation cascades that are initiated once estrogens
bind to their nuclear receptors [39].

The consequences of such ‘unopposed’ high
circulating levels of testosterone and DHT are
unknown at present but may well result in testicular
atrophy, increased prostate volume, oligo- and/ or
azoospermia and infertility [40-43]. To the know-
ledge of the authors no study has yet ascertained
whether a sustained profile is a requirement for
efficacy. In contrast, in mice it has been shown that
testosterone production and fertility is under strict
regulation of circadian clock genes [44]. This
emphasises that endogenous rhythms are important
and should not be neglected beforehand. Therefore,
for further improvement of pharmacotherapy, appro-
priate timing of drug performance seems mandatory
[45]. To evaluate the similarity of nasal administra-
tion to normal circadian rhythm, the mean curve
from group B, (dosing at 08:00 h and 2000 h, see
Figure 2) is compared with the profile of a healthy
young man (Figure 4). As explained before there was
one subject in Group B, with high values differing
significantly from the other patients in this group.
Such a patient would be down-titrated in practice.
For comparison this subject was left out of the mean
curve for Group B, in Figure 4. It can be seen that
the second dose, 12 h after the first dose, exactly
coincides with the time of the physiologically lowest
concentrations so that the second dosing at this time
runs counter to the testosterone circadian variation.
With a better timing of the doses, or with an
optimised single dose, normal physiology for testo-
sterone could probably be followed closely with this
novel intranasal formulation.

1000 + —@— healthy young men
—&— Mean concentration-time curve (without 08DIGA)
800
600

400 -

Testosterone (ng/dl)

200+

time (h)

Figure 4. Pharmacokinetic profile of TT in group B, on last day of
treatment (study B, day 14) in comparison with profile of a healthy
young man (data taken from Diver [37]; ‘time 0’ means 08:00 h).
Dashed lines denote upper and lower limits of normal range based
on morning serum samples.
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In fact, PK computer modelling was performed to
simulate different dosing regimens. A PK model was
built that took circadian variation into account by
using a mathematical model with a single cosine
function of the form: B — A - cos[(z — 2) - (2n/24)]
where B is the baseline value, A is the amplitude of
the rhythm and ¢z is the time of nadir. A single cosine
model is commonly applied to oscillating physiolo-
gical functions [36,46]. Data of 80 TT-circadian
profiles in moderately hypogonadal men (screening
T value <300 ng/dL, samples taken for 24 h starting
at 7:00 h; internal data from the CRO that performed
the PK modelling) were used to derive the model
parameters of T circadian variations in this popula-
tion. With this model different administration regi-
mens of the intranasal formulation were simulated.
Simulation shows that one dose at bedtime and one
dose at wake up (a time interval normally associated
with the TT acrophase in eugonadal men) most
probably will provide testosterone exposure similar to
what would be observed in a healthy population.

Taken together, the findings on pharmacokinetics
of the nasal application form MPP 10 demonstrate a
potential useful approach for the administration of an
unmodified testosterone medication. Selected regi-
mens in hypogonadal men can closely mimic the
natural diurnal rhythm of testosterone in healthy
men.

Conclusion

This study demonstrates that the novel intranasal
testosterone formulation MPP 10 can be safely
administered to humans. The intranasal drug deliv-
ery system represents a mechanism to more closely
proximate the normal circadian variation of testo-
sterone levels, in contrast to the abnormal steady
state levels seen with transdermal products or the
large fluctuations over longer periods of time seen
with injections. Further studies are necessary to
determine the effect of nasal testosterone application
in hypogonadal men over prolonged periods of time.
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