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AIMS
To characterize pharmacokinetic parameters of MK-0916 and its safety and tolerability in
lean, healthy male subjects following single and multiple oral doses. To assess (by
stable-isotope labelling) the in vivo inhibition of cortisone-to-cortisol conversion following
oral MK-0916.

METHODS
Data are presented from two randomized, controlled, double-blind, rising-dose phase I
studies. In the first study, subjects received single oral doses of 0.4–100 mg MK-0916
(n = 16). In the second study, subjects received 0.2–225 mg MK-0916 followed by daily doses
of 0.2–100 mg for 13 days beginning on day 2 or day 15 (n = 80). Plasma and urine drug
concentrations were measured for pharmacokinetic analysis. For pharmacodynamic
analysis, concentrations of plasma [13C4]cortisol were measured by high-pressure liquid
chromatography and tandem mass spectrometry following a single oral dose of 5 mg
[13C4]cortisone.

RESULTS
Doses �3 mg were rapidly absorbed (time at which maximal concentration was achieved in
plasma, 1.1–1.8 h). Exposure (measured as the area under the concentration–time curve
from 0 to 168 h) increased approximately in proportion to dose. Values for the maximal
plasma concentration and the plasma concentration at 24 h increased in excess of dose
proportionality at doses <6 mg and roughly in proportion to dose at doses >6 mg. In
subjects dosed with 6 mg MK-0916 once daily for 14 days, the mean trough plasma
concentration was 240 nM and in vivo cortisone-to-cortisol conversion was inhibited by
84%. The relationship between plasma MK-0916 and hepatic 11b-hydroxysteroid
dehydrogenase type 1 inhibition was well represented by a simple Emax model with an IC50

of 70.4 nM. Exposure to MK-0916 was generally well tolerated.

CONCLUSIONS
These findings indicate that 11b-hydroxysteroid dehydrogenase type 1 is effectively
inhibited in human subjects by doses of MK-0916 that are well tolerated.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• The intracellular enzyme 11b-hydroxysteroid

dehydrogenase type 1 converts the inactive
glucocorticoid cortisone into the active hormone
cortisol in many tissues, including the liver and
adipocytes. It is thought that increased
conversion of cortisone to cortisol contributes to
pathophysiology associated with the metabolic
syndrome.

• MK-0916 is an inhibitor of 11b-hydroxysteroid
dehydrogenase type 1 that has been evaluated
clinically as a potential therapy for type 2
diabetes, obesity or hypertension.

WHAT THIS STUDY ADDS
• In lean, healthy male subjects, MK-0916 was well

tolerated when given in oral doses that were
sufficient to provide profound inhibition of
hepatic conversion of cortisone to cortisol.

• Multiple-dose administration of 6 mg day-1

MK-0916 provided mean plasma concentrations
>200 nM at all times, a plasma drug concentration
that inhibited systemic 11b-hydroxysteroid
dehydrogenase type 1 by 84%.
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Introduction

There is considerable interest in the development of
inhibitors of the enzyme 11b-hydroxysteroid dehydroge-
nase type 1 (11b-HSD1) as a potential therapy for the
metabolic syndrome, which comprises insulin resistance,
dyslipidaemia, visceral obesity and/or hypertension [1–3],
conditions that are known to increase the long-term risk
for cardiovascular and renal disease [4]. The enzyme 11b-
HSD1 is expressed by many tissues, including the liver and
adipocytes. It converts the inactive glucocorticoid corti-
sone into the active hormone cortisol within cells, and
through this local action it increases intracellular glucocor-
ticoid activity in the liver and other organs (Figure 1) [2, 5,
6]. It is a working hypothesis that inhibition of 11b-HSD1 in
patients with the metabolic syndrome will reduce intracel-
lular cortisol concentrations and lead to improvement in
one or more of its components [1, 7, 8]. Some 11b-HSD1
inhibitors have entered into clinical testing; included
among these are the compounds AMG221 [9], INCB13739
[10], MK-0916 [11, 12] and MK-0736 [12].

In a mouse model of obesity (the diet-induced obese
mouse), animals treated with MK-0916 (compound 5a in
reference [13]) for 9 days lost an average of 5% of body-
weight relative to control animals; studies with MK-0916 in
streptozotocin-induced diabetic mice on a high-fat diet (a
model for type 2 diabetes) produced evidence for antihy-
perglycaemic activity, and in the murine apoE model
of atherosclerosis, plaque size was significantly reduced

compared with placebo in animals treated for 8 weeks
with MK-0916 (A. Hermanowski-Vosatka unpublished
data). Clinical trials with this compound have produced
mixed results, however. In a trial conducted in patients with
the metabolic syndrome and type 2 diabetes, MK-0916
failed to lower blood glucose significantly but did signifi-
cantly lower blood pressure [11]. In a subsequent trial con-
ducted in normoglycaemic patients with hypertension, the
primary antihypertensive end-point was not met (by the
11b-HSD1 inhibitor MK-0736) [12]. In both studies, treat-
ment with HSD1 inhibitors resulted in modest but statisti-
cally significant weight loss.

Understanding the level of target engagement is
important for interpreting the results of these studies. The
activity of 11b-HSD1 can be monitored in human subjects
by administering stable-isotope-labelled cortisone and
measuring the production of labelled cortisol. In a pioneer-
ing study with this technique, it was found that a small
quantity (5 mg) of orally administered [2H5]cortisone was
converted almost entirely into [2H5]cortisol in its first pass
through the liver [14, 15]. Here, we have applied this meth-
odology to the evaluation of target engagement by 11b-
HSD1 inhibitors in humans.

In the present report, we present the key findings from
pharmacokinetic (PK) and pharmacodynamic (PD) studies
of MK-0916 that laid the groundwork for its recent
clinical trials. The main objectives of these studies were as
follows: (i) to assess the safety and tolerability of MK-0916
administered orally in single doses (up to 150 mg) and
multiple doses (up to 50 mg day–1); (ii) to characterize
PK parameters of MK-0916 following administration of
single and multiple doses; and (iii) to find a well-tolerated
dose of MK-0916 that produced meaningful inhibition
of 11b-HSD1 in vivo, as determined by concentrations
of [13C4]cortisol measured after administration of
[13C4]cortisone orally. Some additional objectives in these
studies included assessment of potential effects of
MK-0916 on glucocorticoid homeostasis and ratios
between cortisol and cortisone metabolites in the urine.

Methods

The findings in this report are from two randomized,
double-blind and placebo-controlled phase I clinical trials.
The first study was an initial investigation (Merck MK-0916
Protocol 001, referred to hereafter as the ‘single-dose
study’) that primarily evaluated safety, tolerability and
pharmacokinetic parameters in subjects (n = 16) given
single rising doses of MK-0916. The second study was a
PK-PD study (Merck MK-0916 Protocol 002, the ‘multiple-
dose study’), in which subjects (n = 80) were given rising
multiple doses and a primary goal was to evaluate inhibi-
tion of hepatic 11b-HSD1. Both of these studies were con-
ducted at SGS Life Science Services (Antwerp, Belgium) in
accordance with principles of Good Clinical Practice. The
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Figure 1
In the liver and other tissues, inactive cortisone is converted into the
active hormone cortisol by 11b-hydroxysteroid dehydrogenase type 1
(11b-HSD1), the target of MK-0916 action. Primarily in the kidney, 11b-
hydroxysteroid dehydrogenase type 2 (11b-HSD2) converts circulating
cortisol back to cortisone. Nearly all orally administered [13C4]cortisone is
converted to [13C4]cortisol in its first pass through the liver. Inhibition of
hepatic 11b-HSD1 in vivo reduces [13C4]cortisol concentrations in the
plasma by blocking this first-pass metabolism
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protocols were reviewed and approved by the appropriate
institutional review board (Commissie voor Medische
Ethiek, ZNA Middelheim, Antwerp, Belgium).

Subjects
All subjects were male, 18–45 years old, nonsmokers, in
good health and within 25% of their ideal bodyweight as
defined by the 1983 Metropolitan Life Height–Weight
Tables for Men [16]. Subjects were judged to be in good
health based on medical history, physical examination and
routine laboratory tests. These subjects had not taken any
medications (prescription or nonprescription) for 2 weeks
prior to the study and did not anticipate any need for
medication during the study.

Materials
MK-0916 (3-[1-(4-chlorophenyl)-trans-3-fluorocyclobutyl]
4,5-dicyclopropy1-r-4H-1,2,4-triazole) and [1,2,4,19-13C4]
cortisone (referred to hereafter as ‘[13C4]cortisone’) were
synthesized at Merck Research Laboratories. Doses of
MK-0916 were administered orally in capsule form.
[13C4]Cortisone was administered orally as an aqueous
solution (1 mg ml-1). The analyses of [13C4]cortisone and
[13C4]cortisol in plasma and dialysates relied on the use
of [1,2,4,19-13C4,1,1,19,19,19-2H5]cortisone and [1,2,4,19-
13C4,1,1,19,19,19-2H5]cortisol as internal standards. These
were provided by Dr Y. Kasuya of the Tokyo University
of Pharmacy and Life Science. The chemical purity of
[13C4]cortisone was �99% as determined by high-pressure
liquid chromatography with ultraviolet detection and
nuclear magnetic resonance for 13C [17].

Procedures in the single-dose study
In the single-dose study, there were two alternating panels
(panels A and B; 16 subjects in total) and four study periods
in which doses were given to fasted subjects. In each panel
of eight subjects, six subjects in each treatment period
received oral MK-0916 with at least 250 ml water and two
received matching placebo. Treatment allocation was ran-
domized independently in each study period, but con-
strained such that each subject received placebo in one of
the four periods. Doses given to any individual subject
were separated in time by at least 7 days. Subjects in
panel A received doses of 0.4, 3, 12 and 50 mg MK-0916 or
placebo, and subjects in panel B received doses of 1.2, 6, 25
and 100 mg or placebo.

For subjects in panel A, there was a study period 5, in
which an oral dose of 3 mg MK-0916 was given following
consumption of a high-fat breakfast composed of fried
eggs, bacon, bread, butter, hash brown potato and whole
milk. This meal contained approximately 845 calories, with
approximately 500 of these in fat,220 in carbohydrates and
125 in protein. The meal was consumed within a 20 min
interval beginning approximately 25 min prior to dosing.
For 1 h prior to dosing until 1 h after, water intake was
restricted to 250 ml taken with the MK-0916 dose. The

treatment allocation in period 5 was aligned with period 2
so that comparisons between fed and fasted responses
were made in the same six subjects.

Plasma MK-0916 was measured in all study periods
predose (time 0) and at postdose times from 0.5 to 48 h. At
the higher doses, additional measurements were made up
to 240 h postdose. Urine was collected at time 0 (predose)
and over the intervals 0–4, 4–8, 8–12 and 12–24 h postdose
for measurement of concentrations of cortisol, cortisone,
the cortisol metabolites tetrahydrocortisol (THF) and allo-
tetrahydrocortisol (allo-THF), and the cortisone metabolite
tetrahydrocortisone (THE). The ratio ([THF] + [allo-THF])/
[THE] was analysed as an exploratory pharmacodynamic
end-point.

Procedures in the multiple-dose study
In the multiple-dose study, there were 10 panels (Table 1).
In five of these panels, subjects received MK-0916 or
placebo daily on days 1–14. In four others, subjects
received a single dose of MK-0916 or placebo on day 1 and
daily doses on days 15–28. In one panel, subjects received
a single dose only of MK-0916 or placebo. All doses were
administered in the morning following an overnight fast
(�8 h).

Most subjects in the multiple-dose study (all except
those in panels H and J) were included in the primary
pharmacodynamic assessment (evaluation of 11b-HSD1
inhibition in the liver) and thus received oral doses of the
metabolic tracer [13C4]cortisone acetate. Subjects fasted
for at least 4 h before and 2 h after these doses (5 mg fol-
lowed immediately by 240 ml of water). All doses of
[13C4]cortisone acetate were given approximately 9 h after
doses of MK-0916 and at approximately the same
(�30 min) time of day within any given subject. Plasma
samples were collected at times 0 (predose), 15, 30, 45, 60,
90, 120, 180 and 240 min postdose for determination of
plasma concentrations of [13C4]cortisone and [13C4]cortisol.

Table 1
The dosing schedule in the multiple-dose study

MK-0916 dose (mg kg-1)
Panel Day 1 Days 2–14 Days 15–28

A 1.58 1.58 –
B 3.16 – 3.16

C 6.00 – 6.00
D 12.0 – 12.0

E 0.20 0.20 –
F 0.58 0.58 –

G 25.0 25.0 –
H 150 – –

I 50.0 50.0 –
J 225 – 100

The indicated values are expressed as milligrams per dose of MK-0916. In each
panel, six subjects were randomly allocated to receive MK-0916 throughout the
study and two were administered placebo.

Pharmacokinetics and pharmacodynamics of MK-0916
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These pharmacodynamic evaluations were performed
on day -1 (within 72 h prior to the first dose of MK-0916)
and three subsequent days, namely days 1, 14 and 20 for
subjects in panels A, E, F, G and I, and days 1, 28 and 34 for
subjects in panels B, C, D and J (because these subjects
received MK-0916 daily on days 15–28).This yielded assess-
ments at baseline, on the first and 14th days during multi-
ple dosing, and 6 days after the last dose. The primary
end-point was the ratio between the area under the curve
(AUC) from 0–4 h (AUC0–4h) for plasma [13C4]cortisol on the
14th day of continuous MK-0916 dosing (day 14 in panels
A, E, F, G and I, and day 28 in panels B, C and D) and the
corresponding AUC0–4h at baseline (on day -1).

On the first and last days of dosing, plasma and urine
were collected at intervals similar to those described for
the single-dose study for pharmacokinetic analysis.Follow-
ing last days of dosing,plasma MK-0916 was also measured
30, 48, 72, 120, 154, 168, 240 and 336 h postdose.

Safety assessment
Safety and tolerability were assessed by physical examina-
tion, review, evaluation and follow-up of clinical and labo-
ratory adverse events/experiences (AEs), laboratory values,
vital signs and 12-lead electrocardiography. Given that
cortisol can act as a negative feedback inhibitor on the
hypothalamic–pituitary–adrenal axis, blood concentra-
tions of the adrenal androgens androstenedione, dehy-
droepiandrosterone (DHEA) and dehydroepiandrosterone
sulfate (DHEA-S) were measured in all patients in the
single-dose and multiple-dose studies.

Bioanalytical methods
For evaluation of plasma MK-0916 levels, blood was col-
lected into sodium heparin-containing tubes at prede-
fined time points after the administration of MK-0916.
Blood samples were placed on ice and centrifuged imme-
diately at 2400 g for 10 min at 4°C.The plasma fraction was
transferred to polypropylene tubes and stored at -20°C
until shipped on dry ice for assay. The samples were ana-
lysed by 96-well solid-phase extraction using Waters Oasis
HLB mElution 96-well plates, followed by high-pressure
liquid chromatography/tandem mass spectrometry detec-
tion using [2H4,15N2]MK-0916 as an internal standard. The
column was a Luna 5 mm C18 (2), 50 mm ¥ 2 mm (Phenom-
enex, Inc.,Torrance, CA, USA).The mobile phases were 0.1%
formic acid and methanol (30:70). The mass transition was
m/z 332.3 to 286.3.This assay was linear to 500 nM and had
a lower limit of quantification of 0.1 nM. For the quality-
control samples analysed during the study period, the inte-
rassay precision, expressed as percentage coefficient of
variation, ranged from 4.05 to 7.64%. The interassay accu-
racy ranged from -8.0 to -4.0% difference from theoreti-
cal. The recovery of MK-0916 was 80.7%.

Plasma and dialysate samples for the pharmacody-
namic assessment were stored at -70°C and were analysed

for [13C4]cortisone and [13C4]cortisol content as previously
described [17–19]. Androstenedione, DHEA and DHEA-S
concentrations were analysed by Bioanalytical Research
Corporation (Gent, Belgium).

Pharmacokinetic methods
MK-0916 pharmacokinetic parameters were assessed
using noncompartmental and compartmental modeling.
The parameters included AUC0–168h, maximum plasma con-
centration (Cmax), time of Cmax (Tmax) and plasma concentra-
tion at 24 h postdose (C24h) for the single-dose study and
AUC0–24h, Cmax, Tmax and C24h for the first and last days of
dosing in the multiple-dose study. Noncompartmental
analysis was performed using WinNonLin® (version 5.0.1;
Pharsight, Mountain View, CA, USA). In periods 2–5 of the
single-dose study, nonzero predose concentrations were
obtained, reflecting carryover from the prior period
dosing. These predose concentrations were used as 168 h
concentration values in the pharmacokinetic analysis from
the preceding period, and for subjects randomized to
placebo treatment all concentration data from that period
were used in the preceding period’s pharmacokinetic
analysis to provide greater understanding of the washout
kinetics. No corrections for carryover were made in the
pharmacokinetic parameter estimates from the fasted
treatments, because the predose concentrations in all
cases were <2% of subsequent Cmax and therefore consid-
ered negligible. For the 3 mg food effect arm, predose
values approached 10% of Cmax, and a correction based on
subtraction of the extrapolated profile tail of the preceding
dose using the apparent terminal half-life in the preceding
period was applied to the data prior to conducting the
noncompartmental analysis. In the multiple-dose study,
accumulation ratios (ARs) were calculated by dividing
AUC0–24h for plasma MK-0916 measured on the last day of
multiple dosing (day 14 or 28) by AUC0–24h measured on
day 1.

A compartmental pharmacokinetic model was devel-
oped to provide better characterization of the apparent
nonlinearities and dose- and time-dependent pharma-
cokinetic behaviour observed. The single- and multiple-
dose data were well represented by a two-compartment
model, with linear elimination from the central compart-
ment and a saturable binding component of distribution
in the central compartment (Figure 4A provides a sche-
matic diagram of the model used). Elimination and inter-
compartment distribution processes in the model were
scaled by the amount of MK-0916 not bound to saturable
binding sites (‘free’), which was calculated from the total
amount in the central compartment by use of equilibrium
binding relationships.The equations describing this model
are as follows:

d

d
A

A

t
k A0

0= − × (1)
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where kA is the absorption rate, A0 is the amount in the gut,
A1Total is the total amount (bound and unbound) in the
central compartment, A1Free is the amount of unbound drug
in the central compartment, k12 and k21 are the intercom-
partmental transport rates, A2 is the amount in the periph-
eral compartment, RT is the total amount of binding sites
and KD is the dissociation constant characterizing binding
affinity. Other parameters are defined by the schematic
diagram in Figure 4A.Plasma concentration is derived from
A1Free/VolC (the central volume of distribution). Although
this model was derived from first principles of equilibrium
binding relationships, it shares some common features
with previously published saturable distribution models
[20, 21]. Note that the bioavailability was set to 100%
during parameter estimation due to lack of intravenous
data and parameters are therefore apparent values. The
model was fitted separately for each individual subject in
the single-dose study, and mean estimates were derived
for the model parameters and their intersubject variability
(SD).These estimates from the single-dose study were then
used to perform simulations that predicted pharmacoki-
netic behaviour during multiple dosing, and the results of
these simulations were plotted together with data from
the multiple-dose study to assess the adequacy of the
saturable-distribution model. This modelling was per-
formed using the software package ACSL™ (ACSLtox
version 11.8; Aegis Software, Huntsville, AL, USA). The
model parameters were fitted to weighted (1/y2) MK-0916
plasma data by maximization of the log-likelihood func-
tion using a generalized reduced gradient search algo-
rithm. Note that due to a high degree of correlation
between k12, VolC and KD, the value of k12 was fixed to 0.72
(from the initial naïve pool parameter estimates) for the
individual subject fits to allow for more precision and con-
sistency in the estimates for the other parameters.

Pharmacodynamic analysis
Orally administered cortisone undergoes essentially com-
plete first-pass conversion in the liver to cortisol (mediated
by hepatic 11b-HSD1; Figure 1) and metabolites that are
subsequently cleared [14]. Systemically available cortisol is
then subject to reversible metabolism through back-

conversion to cortisone (by 11b-hydroxysteroid dehydro-
genase type 2) and subsequent reconversion to cortisol by
11b-HSD1 (in the liver and elsewhere). In this study, expo-
sure to [13C4]cortisol following oral administration of
[13C4]cortisone (the AUC0–4h for plasma [13C4]cortisol) was
assessed to provide an index of the extent to which first-
pass conversion of orally administered [13C4]cortisone to
[13C4]cortisol was prevented due to inhibition of 11b-HSD1
by MK-0916. The AUC0–4h for plasma [13C4]cortisol was
assessed using noncompartmental analysis routines in
WinNonLin® (version 5.0.1).

This method of estimating 11b-HSD1 inhibition is more
sensitive than assessments based on concentrations of
endogenous markers, such as plasma cortisol or urinary
cortisol metabolites. Acute or chronic inhibition of 11b-
HSD1 is expected to result in only small changes in plasma
cortisol due to the compensatory effect of activation of the
hypothalamic–pituitary–adrenal axis. Consistent with this,
it has been shown that mice with targeted disruption of
the 11b-HSD1 gene have only modest elevations of plasma
corticosterone (which is, in the mouse, analogous to corti-
sone in the human) compared with wild-type mice [22].

The present approach assessed hepatic 11b-HSD1
activity primarily. It should be noted, however, that oral
dosing with MK-0916 is expected to inhibit nonhepatic
11b-HSD1 as well; the inhibitory activity of MK-0916 is not
selective for hepatic 11b-HSD1.

In a PK-PD analysis, individual levels of 11b-HSD1 inhi-
bition were measured by calculating ratios of [13C4]cortisol
AUC0–4h observed after dosing with MK-0916 to baseline
AUC0–4h values. These were then paired with the MK-0916
concentrations at 9 h postdose, the time at which oral
doses of [13C4]cortisone were administered. Individual
PK-PD data from all doses and all study days (first and 14th
days of multiple dosing and sixth day postdose) were
pooled to create the PK-PD analysis data set. These data
were fitted to a simple Emax model, E = 1 - C/(C + IC50),
where E is the ratio of observed [13C4]cortisol AUC0–4h to
baseline [13C4]cortisol AUC0–4h, C is the plasma concentra-
tion of MK-0916 and IC50 is the plasma concentration of
MK-0916 at which there is half-maximal inhibition.

Metabolites of cortisol (THF and allo-THF) and
cortisone (THE) were monitored in the urine with the
expectation that the ratio ([THF] + [allo-THF])/[THE]
would be reduced when 11b-HSD1 activity in the body
was inhibited.

Statistical analyses
The primary means of evaluating the safety and tolerability
of MK-0916 was clinical assessment of AEs. Summary sta-
tistics were generated for the change from baseline in
clinically appropriate safety laboratory parameters (includ-
ing plasma DHEA and DHEA-S), vital signs and ECG param-
eters, and for the pharmacokinetic parameters AUC0–24h,
AUC0–168h, Cmax, Tmax and C24h. All AUC calculations used the
linear trapezoidal method for ascending concentrations

Pharmacokinetics and pharmacodynamics of MK-0916
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and the log trapezoidal method for descending concentra-
tions. In the multiple-dose study, ARs were estimated for
AUC0–24h, Cmax and C24h from individual subject values on
day 14 or 28 (depending on the panel) compared with day
1. Individual ARs were determined, and group geometric
mean ratios (GMRs) calculated. The primary pharmacody-
namic end-point in the multiple-dose study was fractional
reduction from baseline in plasma [13C4]cortisol AUC0–4h.
This was calculated on an individual basis, and GMRs
were determined for each dose level. In the exploratory
evaluation of potential effects of MK-0916 treatment
on ([THF] + [allo-THF])/[THE] ratios, the data were log-
transformed and analysed using the mixed-effect model
mentioned previously to generate GMRs and 90% confi-
dence intervals (CIs). In this analysis, data from placebo-
treated subjects were combined across all study periods.
Normality assumptions of the ANOVA model were tested
using the Shapiro–Wilk test.

Results

Baseline demographic and morphometric characteristics
of subjects were similar in the two studies (Table 2). A total
of 96 subjects were enrolled, and there were two discon-
tinuations. One discontinuation was due to a laboratory AE
(see details in the ‘Safety and tolerability’ section) and the
other was due to withdrawal of consent (n = 1).

Pharmacokinetics
In fasted subjects, all doses �3 mg were rapidly absorbed
(Figure 2A), having median values for Tmax in the range 1.1–
1.8 h (Table 3). At the two lowest doses (0.4 and 1.2 mg),
absorption appeared to be slower, and median Tmax

values were considerably longer. Exposure (measured as
AUC0–168h) increased approximately in proportion to dose
over the entire range studied. Values for Cmax and C24h

appeared to increase in excess of dose proportionality at
doses <6 mg and roughly in proportion to dose at doses

>6 mg. Declines in plasma MK-0916 followed complex
dose-dependent kinetics (Figure 2B; also, see below).

Consumption of a high-fat meal delayed absorption of
3 mg MK-0916 (median Tmax = 1.5 h in the fasted state vs.
6 h in the fed state) and decreased mean maximal plasma
concentrations by 20% (fed/fasted GMR for Cmax = 0.80,
range = 0.57–0.97). Overall exposure to MK-0916 was
unchanged (fed/fasted GMR for AUC0–144h = 1.00, range =
0.67, 1.51). Trough concentrations were also unchanged
(fed/fasted GMR for C24h = 1.08, range = 0.75–1.56).

Throughout the entire range of doses tested in the
multiple-dose study, increases in daily dose resulted in
increases in peak plasma concentration and trough con-
centration (Figure 3). The time course of the approach to
steady state was highly dose-dependent, however.The fol-
lowing three general patterns were observed: (i) at the two
lowest doses tested (0.58 and 0.20 mg day-1), trough con-
centrations of plasma MK-0916 increased continuously
throughout the 14 days of dosing (steady state was never
reached); (ii) at the intermediate doses of 1.58, 3.16 and
6 mg day-1, steady state was reached 4–7 days after dosing
began; and (iii) at the three highest doses tested (12, 25
and 50 mg day-1), trough concentrations reached a
maximum on the fourth day of dosing and declined there-
after. Accumulation ratios for MK-0916 were also strongly
dose dependent (Table 4); the accumulation ratio for
plasma MK-0916 AUC0–24h decreased from 12.0 in subjects
receiving 0.20 mg day-1 to 1.3 in subjects dosed with
50 mg day-1. On the 14th day of dosing, AUC0–24h values
increased roughly in proportion with dose over the dose
range 0.58–6 mg, but increased less than dose proportion-
ally at higher doses. From the plasma MK-0916 data
obtained over days 0–14 in the subjects in panels B, C and
D (who did not receive a second dose until day 15), single
doses of 3.16, 6 and 12 mg were associated with harmonic
mean terminal half-lives of 116, 124 and 97 h, respectively.
The mean (SD) day 1 AUC0–• values for these panels were
5.40 (1.23), 12.34 (3.74) and 21.64 (6.80) mM h, respectively,

Table 2
Subject baseline characteristics

Characteristic Single–dose study Multiple-dose study

n 16 80
Age [years; mean (range)] 33.8 (21–44) 36.0 (18–50)

Gender, male/female (n) 16/0 80/0
Height [cm; mean (range)] 183.0 (172.0–194.0) 177.6 (160.0–191.5)

Weight [kg; mean (range)] 77.7 (64.2–94.1) 78.8 (58.52–97.7)
Body mass index [kg m-2;

mean (range)]
23.2 (18.0–28.1) 25.0 (19.5–30.3)

Racial/ethnic composition (n)

White 14 80

Black 1 0

Hispanic 1 0

Table 3
Mean (SD) pharmacokinetic parameters for plasma MK-0916 in healthy
male subjects given single oral doses (the single-dose study; all n = 6)

Dose (mg) AUC0–168h (mM h) Cmax (nM) Tmax (h)* C24h (nM)

0.4 0.28 (0.04) 2.5 (0.6) 22 (15) 2.4 (0.5)
1.2 0.96 (0.27) 9.4 (2.6) 15 (18) 8.2 (2.3)

3 3.8 (0.4) 73 (20) 1.3 (0.3) 37 (9)
6 9.2 (3.1) 276 (65) 1.3 (0.3) 97 (32)

12 16.8 (3.3) 744 (108) 1.1 (0.4) 205 (48)
25 38.5 (14.4) 1499 (419) 1.3 (0.3) 549 (222)

50 60.7 (4.2)† 2436 (650) 1.3 (0.4) 795 (90)
100 133.0 (60.6) 4730 (845) 1.8 (1.1) 1924 (986)

*Arithmetic mean. †Interpolated using data collected at 144 and 672 h. Abbre-
viations are as follows: AUC0–168h, area under the concentration-time curve from
0 to 168 h; C24h, plasma concentration at 24 h postdose; Cmax, maximum plasma
concentration; Tmax, time of Cmax.
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and the geometric mean ratios of the day 1 AUC0–• relative
to the steady-state AUC0–24h were 0.86, 0.69 and 0.60,
respectively.

Fit of the pharmacokinetic data to a
two-compartment saturable-distribution model
A saturable-distribution pharmacokinetic model was
developed to test whether the presence of high-affinity,
low-capacity binding sites could account for the nonlinear
pharmacokinetic behaviour observed. The single-dose
plasma MK-0916 data were well represented by a two-
compartment model, with linear elimination from the
central compartment and a saturable component of distri-
bution in the central compartment (Figure 4A). The model
and parameter estimates from the single-dose data
(Table 5) were then used to simulate results expected with
multiple dosing, and these simulations were compared
with data from the multiple-dose study as a test of the
model’s robustness (Figure 4C,D).The parameter estimates
from the single- and multiple-dose data sets were similar.
The single-dose model-based simulations reasonably rep-

resented the multiple-dose plasma MK-0941 data for
doses up to 6 mg, including successful prediction that
steady-state values for AUC0–24h would increase dose pro-
portionally, even though AUC0–24h on the first day of dosing
did not (Figure 4B).The multiple-dose data for doses >6 mg
could be represented reasonably well by the model, with
the elimination rate value being increased over that
obtained at lower doses (Figure 4E).

Pharmacodynamic findings in the single- and
multiple-dose studies
At baseline, prior to administration of MK-0916,
[13C4]cortisol appeared rapidly in the plasma following
oral dosing with [13C4]cortisone acetate (Figure 5) and
plasma concentrations of [13C4]cortisol far exceeded
those of [13C4]cortisone (data not shown). These observa-
tions were entirely consistent with those previously
reported by Kasuya et al. [14]. Treatment of subjects with
MK-0916 lowered concentrations of plasma [13C4]cortisol
in a dose-dependent manner without any apparent
effect on the relative time course over which plasma
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Figure 2
Plasma concentration–time profiles following single doses of 0.4–100 mg MK-0916 (data from the single-dose study). (A) Mean plasma MK-0916 in fasted
(continuous lines) and fed subjects (dotted line) from 0 to 24 h postdose. (B) Plotted on a logarithmic scale, values are shown for mean plasma MK-0916
observed over 7 days, with curves superimposed indicating the best fit obtained with the two-compartment model described in Figure 4. All points are
group means (n = 5 or 6). , 100 mg; , 50 mg; , 25 mg; , 12 mg; , 6 mg; , 3 mg; , 3 mg (fed); , 1.2 mg; , 0.4 mg
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Figure 3
Plasma MK-0916 in subjects administered once-daily doses as indicated for 14 days (data from the multiple-dose study). (A) Concentration–time profiles for
mean plasma MK-0916 on the first and 14th days of dosing. (B) Mean plasma trough concentration (C24h) over time. All n = 6. , 50 mg; �, 25 mg; , 12 mg;
�, 6.00 mg; , 3.16 mg; �, 1.58 mg; , 0.58 mg; �, 0.20 mg

Table 4
Mean (SD) plasma pharmacokinetic parameters for MK-0916 in healthy male subjects given once-daily doses for 14 days (the multiple-dose study; all n = 6)

Dose
(mg day-1)

AUC0–24h (mM h) Cmax (mM) C24h (mM)
Day 1 Day 14 or 28* AR† Day 1 Day 14 or 28* AR† Day 1 Day 14 or 28* AR†

0.20 0.02 (0.003) 0.27 (0.06) 12.0 0.001 (0.0002) 0.01 (0.003) 10.5 0.001 (0.0001) 0.01 (0.002) 9.6
0.58 0.08 (0.02) 1.01 (0.40) 12.6 0.005 (0.002) 0.05 (0.02) 11.3 0.004 (0.001) 0.04 (0.02) 9.6

1.58 0.32 (0.08) 3.11 (0.40) 9.8 0.02 (0.004) 0.20 (0.03) 11.9 0.01 (0.004) 0.10 (0.02) 7.8
3.16 1.06 (0.24) 4.79 (1.76) 4.4 0.09 (0.03) 0.35 (0.09) 3.7 0.04 (0.01) 0.14 (0.07) 3.7

6 3.41 (0.92) 8.46 (2.29) 2.5 0.39 (0.18) 0.74 (0.22) 2.0 0.10 (0.03) 0.24 (0.06) 2.4
12 6.76 (0.65) 12.9 (3.6) 1.9 0.75 (0.11) 1.18 (0.27) 1.6 0.17 (0.04) 0.32 (0.12) 1.8

25 17.4 (1.5) 29.3 (7.6) 1.7 1.72 (0.16) 2.39 (0.47) 1.4 0.54 (0.06) 0.82 (0.21) 1.5
50 35.1 (5.7) 46.1 (15.5) 1.3 3.06 (1.10) 3.65 (0.84) 1.2 1.06 (0.26) 1.27 (0.68) 1.1

*Day 14 in panels A, E, F, G and I, and day 28 in panels B, C, D and J. †Geometric mean accumulation ratio, (day 14 or 28)/day 1.
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[13C4]cortisol appeared following oral [13C4]cortisone
acetate (Figure 5).

At the highest dose tested (50 mg), the first administra-
tion of MK-0916 reduced the AUC0–4h for [13C4]cortisol to
3.5% of baseline, and daily dosing with 50 mg MK-0916
for 14 days reduced this end-point to 2.9% of baseline
(Table 6). This end-point was reduced to <20% of baseline
by all doses �6 mg, when given once daily for 14 days.
Concentrations of plasma [13C4]cortisol following oral
[13C4]cortisone returned to near-baseline levels by the sixth
day postdose (day 20 or 36, depending on the panel) at all
doses for which testing was done at this time point (0.2–
12 mg day-1).

In both the single-dose and multiple-dose studies, sig-
nificant reductions in ([THF] + [allo-THF])/[THE] (the ratio
of urinary cortisol metabolites to cortisone metabolites)
were observed in subjects dosed with MK-0916. In the
multiple-dose study,after 14 days of continuous once-daily

dosing this ratio was reduced by 31–42% in subjects who
received doses of 1.58 mg day-1 and higher (Table 7).

Pharmacokinetic–pharmacodynamic analysis
The relationship between inhibition of hepatic 11b-HSD1
(as assessed by lowering of AUC0–4h for plasma
[13C4]cortisol) and plasma MK-0916 concentration at the
time of [13C4]cortisone acetate administration was closely
approximated by a simple Emax model (Figure 6). Based on
this model, it appeared that complete inhibition of conver-
sion of [13C4]cortisone to [13C4]cortisol was approached at
the highest doses of MK-0916 tested. The best-fit estimate
(�SD) for the plasma concentration of MK-0916 that
correlated with 50% reduction in the AUC0–4h for plasma
[13C4]cortisol was 70.4 � 2.4 nM.

Safety and tolerability
Oral administration of MK-0916 appeared to be well toler-
ated in both studies. There were no serious AEs. One
subject discontinued the study because of a laboratory AE
of increased alanine and aspartate aminotransferase con-
centrations. This was reported on day 25 of the multiple-
dose study in a subject who had received 225 mg of
MK-0916 on day 1 and 100 mg day-1 on days 15–25. This
elevation in liver enzymes was transient; normal values
were restored within 7 days of discontinuation.

Clinical AEs regarded by investigators as possibly being
drug related were reported in five subjects. These AEs
included drowsiness and fatigue reported in a subject
administered placebo, and disorientation and hypogeusia
(both in one subject), nightmare and abdominal pain
(lasting for 1.5 h) in a subject administered MK-0916. All
were reported as mild to moderate in intensity.

No significant or meaningful effects on adrenal andro-
gens were observed in the single-dose study (data not
shown). In the multiple-dose study, doses of 3–25 mg day-1

MK-0916 were generally associated with 40–80% increases

Table 5
Mean (SD) parameter estimates from fitting of the two-compartment,
linear elimination model with saturable distribution (Figure 4A) to plasma
concentration data from the MK-0916 single-dose study (all doses) and
multiple-dose study (1.6, 3.2 and 6 mg)

Parameter

Single-dose
estimates

Multiple-dose
estimates

Mean SD Mean SD

k0 (h-1) 0.086 0.044 0.077 0.025
VolC (l) 26.0 5.0 24.9 6.5

k12 (h-1) 0.72* – 0.72* –
K2 0.541 0.267 0.591 0.506

kA (h-1) 1.533 1.490 2.659 3.519
RT (mmol) 7.09 2.21 7.796 2.256

KD (mmol) 0.333 0.188 0.487 0.205

The parameters are defined in the legend to Figure 4. Bioavailability (F) is set to
1.0. K2 = k21/k12. *k12 is set to 0.72 for individual fits.

Table 6
Geometric mean AUC0–4h for [13C4]cortisol in male subjects administered oral [13C4]cortisone acetate before, during and 6 days after 14 days of once-daily
MK-0916 or placebo

Dose of MK-0916
(mg day-1) n

Day -1* Day 1 14th day of dosing† Postdose day 6
AUC0–4h (ng h ml-1) AUC0–4h (ng h ml-1) Ratio‡ AUC0–4h (ng h ml-1) Ratio‡ AUC0–4h (ng h ml-1) Ratio‡

Placebo 16§ 165.4 189.7 1.15 188.5 1.14 179.3 1.06
0.20 6 166.8 187.7 1.12 139.9 0.84 157.6 0.94

0.58 6 146.7 146.1 1.00 102.7 0.70 136.9 0.93
1.58 6 198.0 170.8 0.86 73.0 0.37 159.9 0.81

3.16 6 222.8 122.4 0.55 53.9 0.24 213.2 0.93
6 6 211.1 63.2 0.30 33.3 0.16 159.5 0.76

12 6 150.8 24.8 0.16 20.0 0.13 138.3 0.92
25 6¶ 119.8 8.6 0.07 8.7 0.07 – –

50 6 166.6 5.9 0.04 4.9 0.03 – –

*Within 72 h prior to the first dose of MK-0916 on day 1. †Day 14 in panels A, E, F, G and I, and day 28 in panels B, C, D and J. ‡AUC on day of interest/AUC on day -1. §n = 12
for postdose day 6. ¶n = 5 for postdose day 6.
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from baseline in placebo-adjusted mean serum DHEA,
although there was considerable variability (Figure 7).
Similar levels of increase were observed after 7 and 14 days
of consecutive daily dosing. Changes in serum concentra-
tions of DHEA-S and androstenedione were smaller and
did not appear to be dose dependent.

Discussion

The data from these two phase I trials show that single oral
doses of MK-0916 up to 225 mg and daily oral doses of up
100 mg day-1 for 14 days are generally well tolerated in
healthy subjects. Based on the pharmacodynamic findings

in these studies, as well as on data from drug interaction
studies that demonstrated modest CYP3A4 inducer activ-
ity with a 6 mg dose (L. Wenning and E. Lai unpublished
observations), 6 mg day-1 was chosen as the dose to be
carried forward into phase II clinical trials. The relationship
between plasma MK-0916 concentration and hepatic 11b-
HSD1 inhibition was adequately represented by a simple
Emax model with an IC50 = 70.4 nM. Here, it was observed
that multiple-dose administration of 6 mg day-1 MK-0916
to lean male subjects provided mean plasma concentra-
tions >200 nM at all times, corresponding to 84% inhibition
of hepatic 11b-HSD1.

Plasma concentrations of MK-0916 declined relatively
slowly, and the disposition kinetics were dose dependent

Figure 4
The pharmacokinetic data were fitted to the two-compartment saturable-distribution model. (A) A diagram of the model and its parameters, which include
bioavailability (F), oral absorption rate (kA), the total number of binding sites (RT), the dissociation constant for MK-0916 binding to these sites (KD), the central
distribution volume (VolC), the elimination rate (k0) and the microconstant rates for intercompartmental distribution (k12 and k21). The point-estimates for
these parameters in Table 5 were derived by fitting the data from the single-dose study. (B) Simulations (curves) based on this best-fit model of the
single-dose data superimposed upon values for AUC0–24h on the first and 14th days of dosing, and accumulation ratios (14th day AUC0–24h/first day AUC0–24h)
observed in the multiple-dose study. (C,D) Simulations (predicted curves) based on the best-fit model to the single dose superimposed upon values for
mean plasma MK-0916 observed in the multiple-dose study. (E) Variation in the mean fit elimination rate (k0) by dose in the multiple-dose study. , 12 mg;
�, 6.00 mg; , 3.16 mg; �, 1.58 mg; , 0.58 mg; �, 0.20 mg
�
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Figure 5
Mean [13C4]cortisol plasma concentration–time profiles (0–4 h) in healthy male subjects administered single oral doses of 5 mg [13C4]cortisone acetate before
the first dose of MK-0916 (baseline), ~8 h after the first dose, on the 14th day of dosing, and 6 days after the last dose of MK-0916 or placebo once daily for
14 days.The daily doses are indicated in the upper right of each panel. , baseline (within 72 h prior to the first dose); , ~8 h after the first dose; , 14th
day of dosing; , 6 days after last dose
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and time dependent. During daily dosing, increases in
dose were accompanied by reduced accumulation ratios.
The complex, nonlinear pharmacokinetics following single
doses and multiple daily doses up to 6 mg day-1 were well
described by a two-compartment pharmacokinetic model
with linear elimination, but saturable distribution. This
model predicts that when low doses are given, and during
the final phase of MK-0916 elimination following higher
doses, the drug will be distributed primarily to high-affinity

saturable binding sites, resulting in a large effective
volume of distribution and a long apparent half-life. In the
initial response to higher doses, however, these saturable
binding sites will be saturated, resulting in a much smaller
effective volume of distribution and shorter half-life.
Likwise, for multiple dosing, low doses will require multiple
administrations to saturate the binding sites, creating a
slow approach to the steady state and extensive accumu-
lation, while high doses will saturate the binding sites with
the first few doses, thus reaching the steady state sooner
and with a lesser degree of accumulation than lower
doses.

In the multiple-dose study, there may have been induc-
tion of clearance at doses >6 mg. Such induction would
account for the observed deviation of pharmacokinetic
data from the model at these doses, including the decline
in trough concentrations over time and values for steady-
state AUC that were lower in the multiple-dose study than
would be expected based on the findings in the single-
dose study.

Demonstration of target engagement is an important
methodological link in the rational development of new
forms of pharmacotherapy. In prior studies, activity of
11b-HSD1 has been characterized in liver microsomes
from dogs, monkeys and humans by microdialysis
coupled with stable-isotope methodology [19]. It has also
been studied in vivo in the serum and ex vivo in specific
organs of interest using stable-isotope methodology in
mice [23], by in vivo microdialysis in superficial adipose
tissue in the monkey [17], and by ex vivo assay in a clinical

Table 7
Dose-dependent reduction of the ratio between cortisol metabolite con-
centrations ([THF] + [allo-THF]) and cortisone metabolite concentrations
[THE] in the urine in subjects administered MK-0916 daily for 14 days

Dose
(mg day-1)

Placebo-adjusted percentage
change from baseline*
in ([THF] + [allo - THF])/[THE]
GMR SEM

0.20 -12.2 6.40
0.58 -24.8 5.49

1.58 -36.6 4.63
3.16 -37.0 4.60

6 -41.6 4.26
12 -33.6 4.84

25 -31.3 5.01

*Baseline concentrations were determined within 72 h prior to the first dose of
MK-0916. On-treatment concentrations were determined 12–24 h after adminis-
tering the last of the 14 doses; all n = 6. Abbreviations are as follows: allo-THF,
allo-tetrahydrocortisol; GMR, geometric mean ratio; THE, tetrahydrocortisone;
THF, tetrahydrocortisol.
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trial of the 11b-HSD1 inhibitor AMG 221 [9]. The present
study demonstrates implementation of a valuable new
method for evaluation of 11b-HSD1 inhibition in vivo in
human subjects participating in clinical trials. Hepatic
11b-HSD1 is a key target in the development of new
therapies to improve components of the metabolic syn-
drome (such as insulin resistance and dyslipidaemia). Sub-
stantial reduction of the concentration of labelled cortisol
in the plasma following oral administration of labelled
cortisone provides strong evidence that this target has
been engaged.

Release of cortisol by the adrenal cortex is under the
control of the hypothalamic–pituitary–adrenal axis, and
this axis is in turn subject to negative feedback control by
cortisol. Hence, there is concern that inhibition of 11b-
HSD1 may produce local or global reductions in cortisol
activity that trigger increased release of adrenocortico-
trophin, leading in turn to hypertrophy of the adrenal
cortex and elevation of circulating concentrations of
adrenal androgens [24]. Increases in adrenal androgens

have been reported in other clinical studies of 11b-HSD1
inhibitors [10–12], and the present data are also suggestive
of increased concentrations (especially of DHEA). These
increases may not be clinically meaningful, however. In a
prior placebo-controlled clinical study in which male and
female patients with hypertension were treated for 12
weeks with MK-0916 or the 11b-HSD1 inhibitor MK-0736,
such treatment had no significant effect on female testo-
sterone concentrations or measures of masculinization
[12].

Recent clinical trials with 11b-HSD1 inhibitors have pro-
duced mixed results. The 11b-HSD1 inhibitor INCB13739
has been tested in patients with type 2 diabetes, as
an add-on to therapy with metformin. Compared with
placebo plus metformin, treatment with INCB13739 plus
metformin for 12 weeks produced significant reductions in
plasma glycated haemoglobin, fasting plasma glucose,
homeostasis model assessment of insulin resistance, and
improvements in other end-points [10]. There was no
assessment of the level of 11b-HSD1 inhibition realized in
the previous study. In a study of MK-0916 in patients with
type 2 diabetes and other components of the metabolic
syndrome, treatment with 6 mg day-1 for 12 weeks failed to
produce a significant lowering of fasting plasma glucose
(the primary end-point) at study end [11]. Patients who
received this treatment did, however, show modest reduc-
tions in glycated haemoglobin, bodyweight and blood
pressure. The blood pressure result was followed up in
a study of MK-0916 and another 11b-HSD1 inhibitor,
MK-0736, in normoglycaemic patients with hypertension
[12]. In that study also, treatment failed to have a significant
effect on the primary end-point (placebo-adjusted reduc-
tion from baseline in sitting diastolic blood pressure by
treatment with 7 mg day-1 MK-0736 for 12 weeks). There
were, nonetheless, modest improvements in other blood
pressure end-points, plasma low-density lipoprotein cho-
lesterol and bodyweight.

The findings reported herein clearly demonstrate that
daily oral dosing with 6 mg MK-0916 produces substantial
inhibition of liver 11b-HSD1 and 11b-HSD1 in subcutane-
ous adipose tissue. Such treatment is also generally well
tolerated. It remains to be seen whether such inhibition,
either by MK-0916 or by other agents, will turn out to be
clinically useful.
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adrenal androgens dehydroepiandrosterone (DHEA), dehydroepiandros-
terone sulfate (DHEA-S) and androstenedione in subjects administered
MK-0916 once daily for 14 days. The ‘eighth day’ data are means � SEM
from study day 8 in panels A, E, F, G and I, and study day 22 in panels B, C,
D and J; the ‘15th’ day data are from study days 15 and 29, respectively. All
n = 6. �, eighth day; , 15th day
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